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Intel, the world leader in silicon innovation, de-
velops technologies, products and initiatives to
continually advance how people work and live.
Additional information about Intel is available at
www.intel.com/pressroom and blogs.intel.com

INTSPEI (an abbreviation that stands for Inter-
national Software & Productivity Engineering In-
stitute) is a multinational research and development
organization which was established to develop and
distribute new Software Engineering and Produc-
tivity Engineering technologies to help information
workers worldwide to become more efficient and pro-
ductive by fully utilizing the power of today's and
tomorrow's computers. For more details please visit
us at: www.intspei.com

Exigen Services is the leader in Outsourcing 2.0,
the next generation of global application outsourc-
ing. Exigen Services combines world class technical
skills, recognized expertise in advanced development
methodologies and industry experience to deliver
results for global enterprises. Exigen Services is a
pioneer in the use of distributed Agile methods for
rapid and precise systems development for financial
services, health care, telecom, and media and enter-
tainment companies. Coupled with commercial terms
which optimize financial alignment, Exigen Services
reduces the risks and costs associated with solving
enterprises’ complex technical challenges.

Please find more at www.exigenservices.com
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HP is a technology company that operates in
more than 170 countries around the world. We ex-
plore how technology and services can help people
and companies address their problems and challeng-
es, and realize their possibilities, aspirations and
dreams. We apply new thinking and ideas to create
more simple, valuable and trusted experiences with

® technology, continuously improving the way our
customers live and work.
No other company offers as complete a technol-

. ogy product portfolio as HP. We provide infrastruc-

invent ture and business offerings that span from handheld

Gold Sponsor devices to some of the world’s most powerful super-
computer installations. We offer consumers a wide
range of products and services from digital photog-
raphy to digital entertainment and from computing to
home printing. This comprehensive portfolio helps us
match the right products, services and solutions to our
customers’ specific needs.

VMware (NYSE: VMW) is the global leader in
virtualization solutions from the desktop to the data
center. Customers of all sizes rely on VMware to re-
duce capital and operating expenses, ensure business
continuity, strengthen security and go green. With
2007 revenues of $1.33 billion, more than 120,000
customers and nearly 18,000 partners, VMware is
one of the fastest-growing public software compa-

@ vmwadare nies. VMware is headquartered in Palo Alto, Califor-
nia, and on the Web at www.vmware.com

VMware at a Glance

Founded: 1998; acquired by EMC in 2004; IPO
in August 2007 (NYSE:VMW). Revenues: $1.33 bil-
lion. Customers: 120,000, including 100% of Fortune
100. Employees: 6,300+. Headquarters: Palo Alto,
CA, USA. Locations: 36 countries. Partnerships:
Nearly 18,000

Gold Sponsor
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At Microsoft, we're motivated and inspired every
day by how our customers use our software to find cre-
ative solutions to business problems, develop break-
through ideas, and stay connected to what's most im-
portant to them. We are committed long term to the
mission of helping our customers realize their full po-
tential. Just as we constantly update and improve our
products, we want to continually evolve our company
to be in the best position to accelerate new technolo-
gies as they emerge and to better serve our customers.

Please find more at: www.microsoft.com

EMC Corporation (NYSE: EMC) is the world's
leading developer and provider of information infra-
structure technology and solutions that enable organi-
zations of all sizes to transform the way they compete
and create value from their information. We set stand-
ards in the field of data storage for all known comput-
ing platforms and provide storage for more than two
thirds of the most important information in the world.
EMC Corporation is represented in more than 50
countries and employs more than 30 000 worldwide.

Today EMC employs more than 200 software de-
velopment and customer-facing professionals across
operations in Russia. The St. Petersburg R&D center
will be an integral part of EMC's global research and
development network.

Please find more at www.emc.com

IBM is the world’s largest information technology
company, with 90 years of leadership in helping busi-
nesses innovate. Drawing on resources from across IBM
and key Business Partners, IBM offers a wide range of
services, solutions and technologies that enable custom-
ers, large and small, to take full advantage of the new era
of e-business. IBM Global Services is the world’s largest
information technology services and consulting provider.

For more information about IBM, visit http://www.ibm.com
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Adobe revolutionizes how the world engages with
ideas and information. For 25 years, the company’s
award-winning software and technologies have re-
defined business, entertainment, and personal com-
munications by setting new standards for producing
and delivering content that engages people virtually
anywhere at anytime. From rich images in print, vid-
eo, and film to dynamic digital content for a variety
of media, the impact of Adobe solutions is evident
across industries and felt by anyone who creates,
views, and interacts with information. With a repu-

® tation for excellence and a portfolio of many of the
most respected and recognizable software brands,
Adobe is one of the world’s largest and most diversi-
fied software companies.

Primary customer segments include:

*  Knowledge Workers and Enterprises: Busi-
nesses and government organizations use Adobe

A desktop and server-based solutions to improve pro-
o e ductivity, collaboration, and business processes in-
side and outside the organization.

General Sponsor s Creatives and Designers: With Adobe solu-
tions, designers, publishers, photographers, and vid-
eographers are making brands and products stand out
in crowded markets by designing compelling content
for delivery in print, online, for video, and on mobile
devices.

*  High-end Consumers: A wide variety of en-
thusiasts use Adobe’s popular solutions to develop,
enhance, and deliver images and content in print and
across a variety of digital devices.

»  Partners and Developers: Adobe’s technology
platform enables developers, systems integrators, and
software manufacturers to build dynamic applications
that address business demand for improved interac-
tion with information.
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Kopnopanus Intel, Begymmii MEpOBOiIl MPOM3BO-
JIUTENIb MHHOBAIIMOHHBIX ITOIYIPOBOJHUKOBBIX KOM-
TIOHEHTOB, pa3padaTbIBaeT TEXHOJIOTHH, MPOIYKIHIO
1 WHHIUATHBEI, HAIPABJICHHBIC HA ITOCTOSHHOE II0-
BBIIIICHUE Ka9eCTBA JKU3HM JIIOJEH W COBEPIICHCTBO-
BaHUE METO/IOB UX PaOOTEHI.

JononmanTensHy0 MHOOPMAIMIO O KOPIOPAINH
Intel moxHO Haiitm Ha Web-caiite www.intel.com/
pressroom, Ha pycckosi3braHOM Web-cepBepe koMmaHuu
Intel: www.intel.ru, a Takoke Ha caiite blogs.intel.com.

Mexnynapomasiii HUW IIpo6nem Iporpammmpo-
Barus INTSPEI sBnsiercss mccnmenoBaTensCKoi opra-
HU3alMeEH, pa3BUBAIOLIEN U BHEIPSAIOLIEH HOBBIE Me-
TONOJIOTHX Pa3pabOTKH MPOTPaMMHOTO 00ECIICICHHMSI.
ponyxrer u yemyru INTSPEI noBeimarot sddextus-
HOCTBh KOoMaHf, co3ratomux 10, mo3Bomsst M momHo-
CTBIO HCIIONB30BaTh IOTCHIMAT COBPEMEHHBIX KOM-
MIBIOTEPHBIX TEXHOIOTUH.

[MompoOuas mHPOpMAIW IOCTymHAa Ha OGHUIH-
AIBHOM CaifTe MHCTUTYTa: WWW.intspei.com

Exigen Services — MyJIbTHHAIIHOHAThHAS KOM-
MaHUsS, 3aHUMAOIAsACS pPa3pabOTKOM 3aKa3HOTO
MIPOrpaMMHOTO OOeCIedeHus: M CTaBmias MpH-
3HAHHBIM JKCHIEPTOM B cBoeM oTpaciau. Komma-
HUSA CIIENHANN3UpPYeTCs Ha pa3paboTke OmM3Hec-
MIPUIOKCHUH U Web-pemeHnid pa3HO CII0KHOCTH,
OCYIIECTBIISIET HOAEPHKKY IPOTPAMMHBIX IPOIYK-
TOB U CHCTEM, a TAK)K€ MUTPAIINIO HAa HOBBIE TEXHO-
JIOTHYECKUE TUIaT(OPMBI, U OKa3bIBACT YCIYTH IO
3aka3HoMy tectupoBanmio [10. Komnanus Bxogut
B COTHIO BEIYIINX aMEPHUKAHCKHX IOCTABIIUKOB
UT-ycmyr 2008 T.
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Exigen Services aKkTHBHO WCHOJB3YyeT THOKHE
METOMIONIOTHH ceMeiicTBa Agile mns omepaTwBHOM
1 SPPEeKTHBHON pa3pabOTKHA MPOMBIIIICHHBIX CH-
creM. Cpenn KIMEHTOB KOMIIAaHWH KpyIHEHIIHNE
MHpPOBBIE KOHIIEpHBI U3 cnucka Fortune 500 u npen-
CTaBHUTENH CpemHero Om3Heca, Takue, kak Universal
Music Group, Standard and Poor’s, T-Mobile, AXA,
Westpac Bank, Nationwide, British Telecom.

[IITa6-kBapTipa KoMmIaHUU pacrnonoxeHa B Can-
Opanmucko. Y Exigen Services 18 o¢ucos mo Bcemy
MHpY, B TOM uucie aecats — B Poccun, benopyccun,
VYkpanne u crpanax bantun. B metepOyprcxom Exigen
Services cerogas TpyauTcst okono 700 gemoBex.

Jom. uabOopManus: www.exigenservices.com

HP — 310 KOMITaHuSA 13 cepbl BRICOKIX TEXHOIOTHI, pa-
Ootatomas B 6omee gem 170 cTpanax mupa. MBI perymsapHo
MHBECTUPYEM B HCCIIEIOBAHIS, YTOOBI TIOHSTH, KaK TEXHO-
JIOTHH M YCIYTH TIOMOTAIOT JIONSIM ¥ KOMITAaHHSM pEIIaTh
Ha3peBIINe MPOOTEMBI, TOCTHTATh KEIAEMBIX PE3Y/IBTaToB
W peann30BbIBaTh CBOM BO3MOXKHOCTH M HOKETaHHS. Mol
UCIIONB3YeM HOBBIC MJICW M TIOIXOABI U CO3JaHMs yI00-

® HEIX B pabote, 6oree 3 PeKTHBHBIX 1 HATEKHBIX TEXHOJO-
THii, 9TOOBI € MX IOMOIIBIO TIOCTOSHHO YITy4IIaTh U JENaTh
ynoOHee JKU3Hb BCEX HALIMX KIMEHTOB — OT OTIENBHBIX

T0JIB30BaTeNeH 10 KPYIHEHIIHIX KOPIOpALUid.
invent Hu oxnHa pyrast KOMITaHHS HE MOXKET MPEUIOXKHTH Ta-
KOW LIMPOKUI aCCOPTUMEHT TEXHOJIOTMYECKHX PEILEHHMH,
kak HP. MBI mpemaraeM mpoayKImio 11 HH(OPMAIIHOH-
HBIX MH(PACTPYKTYp 1 OusHeca, HaUMHAS OT KAapMaHHBIX
YCTPOICTB M 3aKaHUYMBASI OZHMMHM HX CaMbIX MOIIHBIX B
MHpE CyIepKOMITBIOTEpOB. Kpome Toro, MbI peaocTaBsieM
MIUPOKAH CITEKTP MPOIYKTOB H YCIYT [UTA TOTPeOUTENeH, OT
mudpoBoit ororpadmi 1 IHPPOBEIX YCTPOUCTB IS pas-
BJIEYEHHSI 10 KOMIIBIOTEPOB M yCTpocTB neyary. [upokuit
aCCOPTHMEHT BBIITyCKAEMOH TIPORYKIIMH MO3BOJISET MPeIa-
raTh TEXHOJIOTHH U YCIYTH, HanOOJIee MOIHO COOTBETCTBY-
TOIIME MHMBH/TyaTbHEIM OTPEOHOCTSIM HAIINX KIIMEHTOB.

Gold Sponsor
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OcnoBannas B 1975 roxy, xopropamus Microsoft
SIBISIETCSI MEPOBBIM JINAEPOM B IPOU3BOACTBE IIPO-
TPaMMHOTO OO€CIIeUeHHsI, TPEAOCTABICHUH YCIYT H
pa3paboTKe MHTEPHET-TEXHOJIOTHH ISl TIePCOHANb-
HBIX KOMITBIOTEPOB M CEPBEPOB.

Kopnopamuss Microsoft pa3pabaTrsiBaeT U BBI-
ITyCKaeT MHUPOKUHN CIIEKTP MPOTPAMMHBIX IIPOAYK-
TOB. B X 4ncino BXOAST HACTOJIBHBIE M CETEBHIC
OTIEpAallNOHHBIE CHCTEMBI, CEPBEPHBIC IPHUIIOXKE-
HUSA s KJIHEHT-CEPBEPHBIX CpeZ, HAcCTOJbHBIC
OM3HEC-TIPUIIOKEHUSI W O(UCHBIC IIPHIIOKCHUS
JUISL TIOJIb30BaTesel, MHTEPaKTUBHBIC MPOTpaM-
MBI U UTPBI, CPEACTBA ISl paOOTHI B CETH MHTEP-
HET W HMHCTPYMEHTHI pa3paborku. Kpome Toro,
Microsoft mpenmaraer wHTepakTHBHBEIE (Oonline)
YCIYTH, U3[aeT KHUTH 10 KOMIIBIOTEPHOH TeMa-
THKE, MIPOU3BOIUT IepudepuitHoe 00opyIoBaHme
JUISI KOMIIBIOTEPOB, 3aHUMAETCs HCCIIEI0BATENb-
CKOH eI TeTBbHOCTHIO M Pa3pabOTKOH HOBBIX KOM-
MBIOTEPHBIX TEXHOJIOTHH.

Jomn. nabopManmss: www.microsoft.com

Kommanns VMware (6upxeBoit kom NYSE:
VMW) sBusgercs MHUPOBBIM JHIECPOM B 00JacTH
peIIeHnid BUPTyalu3allid — OT HACTOIBHBIX CH-
CTEeM JI0 LEHTPOB 00paboTKM NaHHBIX. VMware mo-
MOTaeT TPEANPUATHSAM JI000TO pa3Mepa CHU3HTH
KaluTaJIbHBIE M DKCILTyaTaI[MOHHBIE PacXoibl, 00e-
CIICYUTH HEMPEPHIBHOCTH OM3HECA, TOBBICUTH ypO-
BEHb 0E30MMaCHOCTH U 3aMHTy MaHHBIX. C J0X0mIoM
B 1,33 Mummapaa gosmt. 3a 2007, ¢ ynciaom 3akas-
gukoB cBeime 120 000 u guciiom mapTHEpoB Ooiee
18 000 VMware sBIsieTCSI OIHOM U3 CaMBIX OBICTPO-
PACTYIINX OTKPBITHIX AaKIIMOHEPHBIX KOMITaHUH-
pa3paboTINKOB MpOrpaMMHOTO obecmedeHus. [o-
JMOBHOW o¢uc koMmrmaHun VMware HaxXOmWTCA B
[Mano-Anpro (trtat Kamudopuus), a BeO6-caliT — 1o
agpecy www.vmware.com
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Kopnopanmss EMC - MupoBoii nuaep Ha phIHKE
MIPOYKTOB, YCIyT ¥ PELICHUN sl XpaHeHus HHPOp-
Malyy ¥ ynpaBieHus ero. Mpl 3ajaeM CTaHIapThI
B 007aCTH XpaHEHUS JaHHBIX IS BCEX M3BECTHBIX
BBIYHCIUTENBHBIX IDIaT(GOpM, U, Orarogapsi HalIUM
pemIeHnsIM, MBI 0oOecIieunBacM XpaHeHue Ooiee demMm
IBYX TpeTeil caMoil BakHOW MH(OPMAIH B MHpE.
p) Kopnopanuss EMC npencraBnena 6omee uem B 50
EMC ctpanax. [Iepconan 6omee 30000 gemoBek.

® Kommarmms EMC pabGoraer Ha pPOCCHUCKOM
where information lives® psiaKe ¢ 2000 ronma. Ha cerogasmrHui 1eHb 0(QHCH
EMC B Mockse u Cankr-IleTepOypre HacUuTHIBa-
ot 6onee 200 cnenuanucToB Mo paspadorke 1O
u pabore ¢ xmmeHtamu. Cankrt-IleTepOyprckmii
neaTp kopmopamuu EMC mo paspabGoTke mpo-
IPAMMHOTO OOECIEUEHHUS SIBISICTCS YacThIO IJIO-
6ampHON mporpammbel EMC 1o WHBEeCTHIIHSIM B
rccienoBanus U pazpadorku. HoBerit mieHTp 00e-
CIEYMBACT IMOAJEPKKY M OCYIISCTBISAET HEmpe-
PBIBHOE pa3BUTHE IIUPOKOTO CIIEKTPa JTUAUPYIO-

IINX Ha PBIHKE IIPOTPAMMHBIX IIPOIYKTOB.
JomnonauTensHas HH)OPMAIIS: WWW.russia.emc.com

General Sponsor

Adobe Systems Inc. B mpommiom romy oTmpasi-
HOBalla cBoe 25-meTwe. 3a 3TO BpeMsl KOMIAHHSA
BBIITyCTHJIA DA IPOLYKTOB, KOTOPBIE COBEPIIHIH
PEBOIONHIO B MOAXOAE K paboTe ¢ JTFOOBIMH BHIA-
MH KOHTEHTa —Oy/ib TO TEKCTOBasi MH(MOPMAIHS WIH
rpadudeckre n300paXKeHUs, BUIEO WIH BeO.

®

IIponykrer Adobecrann cranmapramu ne-(paxto
d b U1 OnM3Heca:
‘ \ 0 e * Cosznanue cranaapra PDF, 6e3 kotoporo yxe He-
General Sponsor BO3MOYKHO IPE/ICTABUTH COBPEMEHHBINH MHP.

e IIpomyKTsl Ui TBOpPYECKHX MPOQECCHOHATIOB,
CTaBILIKE JIETEHIaMHU.
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* [IpodribHbIe pereHns A1 3alUTHl HHGOopManH
# 6€30IacHOTO JOKyMEHTO00O0pOTA.

Adobe munupyer B Kax 10 13 0Tpaciei, rie mpe-
CTaBJICHBI €0 MPOAYKTHI.

Kopnopanus International Business Machines siB-
JIIETCSI OMHUM M3 BEIYIIMX MHPOBBIX MOCTABIIMKOB
ammapaTHbIX U MPOrPAMMHBIX PEIICHUH, JTHICPOM T10
pa3paboTKe ¥ MPOU3BOICTBY HH(DOPMAIIMOHHBIX TEX-
HOJIOTUH U yCTPOMCTB XpaHEeHUs JaHHBIX. Kommanws
CTPEMUTCS JTUIUPOBATh B CO3IAHHH, Pa3pabOTKe U
MPOU3BOJICTBE CAMBIX MPOTPECCUBHBIX WH(OPMAITH-
OHHBIX TEXHOJIOTHI ¥ BOIUIONIATh MX B PEHICHUAX U
yclyrax, ONTHMH3HPYIOUIMX OW3HEC COBPEMEHHOM
OpraHu3aIuu.




Q S E c [ R] Software Enginering Gonference (Russia)
¥ 2008

WWW.SECI.ru

OpraHmsaTtopbl/Organizers

TERAMO

@ BbICIIAA
KO(1A
OKOHOMHKHN

FTOCYXAPCTBEHHB A YHUBEPCUTET

A\
<LUXOFT

vV Training Center

TEKAMA -T'naBusrii opranuzarop  SEC(R)2008,
SIBJISTFOLIIMIACS] OTHUM M3 BEAYIINX yIEOHBIX IIEHTPOB
mo UT u memosoit a3¢ppexruBHOCTH ¢ omoripio UT.
3a 6 et komnanaus o0ydmna 6onee 15000 genmoBek u3
6omnee yem 3000 xommanuii B Poccun, crpanax CHIT
u [pubantuke. [Ipenmymectsom TEKAMA sBrnseT-
Cs1 HAJINIHE TECHBIX CBSI3€H C KITIOYEBBIMH HTPOKAMH
peiaka UT, mmpokas U XOpomo mpopaboTaHHAs JTH-
HelKa TPOIYKTOB, a TaKKe MHOTOJETHEE IapTHEp-
CTBO C MEXTyHAPOJHBIM IIEHTPOM 3HAHUH B 001aCTH
UT — yauBepcuretom Carnegie Mellon, eqmHCTBEH-
HbIM npezactaButenieM koroporo TEKAMA sBnsiercst.
JomonmauTtenpHas naHpopManms: www.tekama.com

Bricmmas mkosa 5KOHOMUKH yapekaeHa 27 Hosops
1992 . [locranosnenuem [IpaBurenscrBa Poccnn. 3
¢mmana: B Cankr-IlerepOypre, Himxkaem Hosropo-
ne, [Tepmu. Cuctema o6paszoBanus B BIIID mo3BomseT
o0ecneynTh KOHKYPEHTOCIIOCOOHOCTh POCCHICKOTO
00pa3oBaHUs B CaMO# ero BOCTPeOOBaHHON M OTHO-
BpPEMEHHO caMoii c1aboif chepe — IKOHOMHIECKUX U
COIIMATIBHBIX HAyKaX.

VYuebnsrit Lleatp Luxoft - sxcrieprHOE 00yUucHME
0 BCEM HaNpaBICHUSAM B obnactu pazpabdorku [10.
B HameM 1mieHTpe MOYKHO TIPOMTH MOTHBIN UK 00y-
YEeHHUS! TI0 BCEM KJIIOUEBBIM HAMPABICHUSAM B cdepe
pa3paboTKH MPOTPaMMHOTO 00eCIICUeHHS.

Hamm npenogasatenu (0xomo 60-TH 4eI0BEK) - 3TO
BeAyIIne dKCIepThl koMmmanauu Luxoft, paboratomime
B PEATBbHBIX MPOEKTaX M MOCTOSHHO ITOBBIIIAIONIIE
CBOIO KBAJTM(UKAIIHIO.
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Viadimir Paviov L. (INTSPEI) Co-chair of of Program Committee
Antipov llya (RUSSEE Consulting) Co-chair of of Program Committee

* Agamirzian Igor

e Avdoshin Sergey

¢ Babkin Alexander

* Barinov Alexey

*  Constantine Larry

*  Doroshenko Anatoliy
e Gitsels Martin

*  Gundarev Igor

¢ Ivannikov Viktor

¢ Kemerer Chris

¢ Khalin Dmitry

*  Komkov Alexey

e Kurbasov Michael

e Larionova Zinaida

e Marchuk Alexander
*  Mellor Stephen

*  Milov Denis

* Nesterov Vyacheslav
*  Pankov Alexander

¢ Paulk Mark

e Sabanin Boris

*  Sambuk Alexander

e Sutherland Jeff

e Taran Gil

¢ Tarasenko Alexander

e Telnov Yuriy
¢  Terekhov Andrey A.
e Terekhov Andrey N.

(EMC?)

(Higher School of Economics)
(Motorola)

(Telma)

(Constantine & Lockwood, Ltd.)
(INTSPEI)

(Siemens)

(CBOSS)

(ISP RAS)

(University of Pittsburgh)
(Microsoft)

(Cadence Design)

(CROC)

(IBA)

(IIS RAS)
(StephenMellor.com)
(TEKAMA)

(EMC?)

(Diasoft)

(Carnegie Mellon University)
(Intel)

(LUXOFT)

(Scrum, Inc)

(Carnegie Mellon University)
(Miratech)

(MESI)

(Microsoft)

(Saint Petersburg State University)
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PELUEHWNA INTEL® AJ19 PASPABOTHYUKOB MO

Co3naBaiite MPUIOXEHUS C MOMOLLbIO WMHCTPYMEHTOB, B OCHOBE KOTOPbIX
NEeXWUT Halle 3HaHMe annapaTHoro obecrneyeHms:
www.intel.com/software/products

Intel® Compilers — NoBbicbTe NponsBoAMTENbHOCTL cBoero MO 3a cuer
MCMONb30BaHUA ONTUMU3MPYOWMX KoMmnunatopoB C++ u  Fortran.
YnobHbii  OTnaguMk  MOMIHOCTbIO — MOAAEepXWBaeT  napanfefbHble
NpUIOXeEHUS

Intel® Performance Libraries - [MocTpoliTe BbICOKONPON3BOANTENbHbIE
MHOrOMOTOYHbIE ~ MaTeMaTu4yeckue,  My/bTUMEeAWHble U Apyrue
NpuaoXeHus, ncnonb3ys 6asosblie 6510km Intel® Performance Primitives
n Intel® Math Kernel Library

Intel® VTune™ Performance Analyzer - Cgenaiite THOHUHI
NpuAoOXeHu npowe U1 3dDdekTMBHee C  MOMOWbIO  yAo06HOro
rpacdumyeckoro nHTepderica nonb3oBatens u 6e3 nepekoMnUAsLUm

Intel® Threading Analysis Tools - Bocnonb3yitecb MHCTpyMEHTaMu
Intel® Thread Checker wun Intel® Thread Profiler, a Takxe
KOHCTPYKTMBHbIMM KOMMNoHeHTamu Intel® Threading Building Blocks B
npouecce paspaborkun [MO. ONTUMU3MPYANTE MNPOU3BOAUTENBHOCTL W
ybeantecb B KOPPEKTHOCTU CBOMX MHOMOMOTOUHbIX MPUIOXEHWUN

Intel® Cluster Tools - Basupylite  pa3paboTky  cBOero
BblcoKOnpoussoauTenbHoro MO Ana  kNacTepHblX  CUCTEM  Ha
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Scaling-up Agility to Globally Distributed Teams —
The Eclipse Way

Erich Gamma
IBM

Abstract

Many aspects of agile development support
smaller teams working together in
proximity. The Eclipse Platform was
developed using agile practices, but the
team never had the luxury of developing in a
single location or even a single time zone.
And, in the course of pursuing our goal of
ongoing project health through continuous
consumption and feedback, we adapted and evolved our practices
and those we learned from the agile community. This has resulted in
what we now refer to as the "Eclipse Way" practices that we (and
others) have applied to other software development efforts as well.
In this workshop we take a look at the Eclipse Way with a particular
focus on how we tuned our agile practices to work for a globally
distributed team.

Bio:Erich Gamma is a Distinguished Engineer at IBM Rational
Software’s Zurich lab. He is the technical lead of the Jazz project
and Rational Team Concert. He was the original lead of the Eclipse
Java development environment and was on the Project Management
Committee for the Eclipse project.

Erich is a member of the Gang of Four, which is known for its
classical book, Design Patterns - Elements of Reusable Object-
Oriented Software. Erich has collaborated with Kent Beck on
developing JUnit, the de facto standard testing tool for Java
software, and on writing the book contributing to Eclipse:
Principles, Patterns, and Plug-ins.
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IyTs Eclipse: MacmrabupoBanne ruoKux MeTo10B
(Agile) nasi pacnpeneseHHBIX KOMAaH/T

Ipux I'amma
IBM
Te3ucnl

MHorse NpakTHKA THOKMX METOJ0B pa3pabOTKH XOPOILIU st
MaJCHBPKHX KOMaHI, pabOTaloIIMX BMECTE, B HEIOCPEACTBEHHOM
6mm3ocTr mpyr ot apyra. [lmardopma Eclipse 6ruta paspaborana ¢
HCIOJIb30BaHWECM THOKHX MPAKTHK, HO HAIla KOMaHIa HUKOTIa He
MMesa Takoil POCKOIIM, Kak paboTa B OJHOM MECTE HIIH AaXKe B
OJIHOM 4YacoBOM Tosice. B Xome mpoekTta, MO Mepe IOCTHKEHHUSI
Hamlen ey, Mbl HCIPEPBIBHO NPUMCHAIN U COBEPIICHCTBOBAJIU TC
IpakKTUKU MU METOJbl, KOTOPLIC 06])1‘-IHO IPpUMCHIIOT B FI/I6KI/IX
mporeccax. OTO IPUBENO K MOSBICHHIO MOAXONOB K pa3paboTke,
KOTOpBIC MBI Ha3biBaeM «iyTb EClipse». B stom cemunape Ml
nocMoTpuM Ha «iyTh Eclipse» mom ompeneneHHbIM yrioM, a
HUMEHHO: KaK MPHUMCHHUTH MPAKTUKH IMOKUX MPOLECCOB A paboThI
B OOJIBILION pacriepe/ieIeHHOW KOMaH/Ie.

buorpadus: DOpux [amma sBisieTcss BeOyIUM HHXXCHEPOM
Iropuxckoii maGopatopun IBM Rational Software, rane on
OCYIIECTBIISICT TEXHHUYECKOE PYKOBOJCTBO IPOEKTOM Jazz. Dpux
ObLI IepBOHAYAJBHBIM pykoBomuteneM npoekra Eclipse. On
MOJTYYWJI HMIMPOKYIO M3BECTHOCTh B KAa4dECTBE OJHOTO M3 HYETHIpEX
aBTOPOB KJIACCHMYECKOM KHUTW 110 IIa0JIOHAM TPOEKTHPOBAHUS
«Design Patterns - Elements of Reusable Object-Oriented
Software», xotopas Beiepxkana Goiee 35 w3gaHWil CyMMapHBIM
Tupaxkom 6omnee 500000 sx3eMisipoB. Kpome 3TOro, COBMeCTHO ¢
Kentom bexom Opuk crosn y ucrokoB JUNit, crasmiero cerous
CTaHAAPTHBIM HMHCTPYMEHTOM TECTHpPOBaHMs Java-mporpamm, H
SBJISICTCS cOaBTOPOM KHHTH 00 Eclipse.
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AGILE MDA

Stephen Mellor

Abstract

"Agile" and "MDA" (Model-Driven Architecture) do not often
appear in the same sentence. Agility promotes the notion that testing
a running system is better than building descriptions of them, which
appears to speak against the construction of models, surely the heart
of model-driven architecture. However, models can now be
executed, and many of the principles of agility can be applied to
executable models in the context of MDA. This synthesis of
executable models and an agile process can change fundamentally
how we build software.

MDA (model-driven architecture) is a broad church covering a
number of different approaches to model-driven development. Most
commonly, people think of models as blueprints that are filled in
with code, and model-driven development supporting automation of
transformations between these several models. That is, MDA is
commonly viewed as supporting "heavyweight" process-heavy
modeling techniques; but MDA can do better than this.

Agile MDA is based on the notion that code and executable models
are operationally the same. Hence, the principles of the Agile
Alliance testing first, immediate execution, racing down the chain
from analysis to implementation in short cycles, for example can be
applied equally to models. An executable model, because it is
executable, can be constructed, run, tested and modified in short
incremental, iterative cycles.

To reach this happy state, models must be complete enough that
they can be executed standing alone. There are no "analysis" or
"design" models, because all models are equal. Models are linked
together, rather than transformed, and they are then all mapped to a
single combined model that is then translated into code according to
a single system architecture. This approach to MDA is called Agile
MDA.

Bio: Stephen J. Mellor is an internationally

recognized pioneer in creating effective,

3@ engineering  approaches to  software
>

> development. In 1985, he published the
G A widely read  Ward-Mellor  trilogy
‘A £ 22




Structured Development for Real-Time Systems and in 1988, the
first books defining object-oriented analysis.

Stephen also published Executable UML: A Foundation for Model-
Driven Architecture in 2002. His latest book MDA Distilled:
Principles of Model-Driven Architecture was published in 2004. He
is active in the Object Management Group, chairing the consortium
that added executable actions to the UML, and he is presently
working on a standard for executable UML. He was a two-term
member of the OMG Architecture Board and active in specifying
MDA.

He is a signatory to the Agile Manifesto. In his copious spare time,
he acts as chair of the IEEE Software Advisory Board. Stephen was
until recently chief scientist of the Embedded Software Division at
Mentor Graphics.
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AGILE MDA

CtuB Mesiop

Te3ucobl

"Agile" u "MDA" (Model-Driven Architecture) wue uacto
MOSIBIIIIOTCS. B OJJHOM M TOM K€ TPEIONKCHUU. [ MOKUE METObI
MOJIZICPKUBACT HUJICH0, YTO TECTHPOBAHUC PAOOTAIOIICH CHUCTEMBI
JMydiie, YeM CO3JaHhe ee¢ OIMCaHWH. OTa wuaes, Kas3ajloch OFl,
MPOTHBOPEYUT  KOHIENIIMA  IOCTPOCHHS  MOAENeH  mepex
KOAWPOBAaHUEM, O€3yCIOBHO SBILIIOMICHCS OCHOBOW IIOAXOMIA
Model-Driven Architecture. Tem He MeHee, MOJCIN TENEPh MOTYT
OBITh peaNH30BaHbl, © MHOTHEC W3 IPHHIUIOB THOKHNX METOJOB
MOTYT OBITb NPUMEHEHBI K PEaM3yeMBIM MOICISIM B KOHTEKCTE
MJIA. CuHTe3 HCIIOTHIEMBIX MOJCICH M THOKOTO MPOIecca MOKET
KOPEHHBIM 00pa3oM U3MEHHTh Hall MOAXOJ K CO3IaHHIO
MIPOrPaMMHOTO 00ECTIEUeHNSI.

MDA (model-driven architecture) s5to 1mmpokas KOHICTIIHS,
OXBaTHIBAIOIIAS PA3JIMYHBIC MOJICITBHO-OPUECHTHPOBAHHBIC TTOIXOIBI
K pa3paboTKe MpOrpaMMHOrO oOecriedeHus. Yamie Bcero, IOAH
QYMArOT O MOJEIAX, KaKk 0 4epTeKaX WIH CXeMaX, KOTOPhEIe MOTOM
npeobpasyrorcss B kon, ¥ MJIA momnepKuBaeT aBTOMAaTH3AIHIO
nepexona oT Mojenu K komxy. Takum ob6pazom, MDA, o6braHO
paccMmaTpuBaeTCsl Kak MOAX0I, MOAEPKUBAIOIINN "TsHKeToBeCHbIE"
TeXHUKH MOJETUPOBaHUs, HO Ha caMoM jene MJIA — 3To HedTo
OosbIiee.

Ioxxox Agile MDA ocHoBaH Ha wmiee, Y4TO HCIIOJHAEMBIA KOJ H
MOJICNI 3TO TPAKTUYECKH OJHO W TO jKe. Takum oOpazom,
npuHnunel Agile - TecTupoBaHue B EPBYIO 0Yepe/Ib, HEMEUICHHOE
WCIONIHEHUE, OBICTPBIA M[MEpexo] OT aHajiu3a K peas3alluy,
KOPOTKHE ITUKJIBI - MOTYT OBITh IMPHUMEHEHBI B PAaBHOW CTCIEHH K
MozensM. VcmomHsiemMast MOJIe)ib, MIMEHHO TIOTOMY YTO OHA SIBJICTCSI
HCIIOTHIEMOM, MOKET OBITh ITOCTPOCHA, 3aITyIIEeHA, IPOTECTUPOBAHA
1 M3MCHEHA BO BPEMs KOPOTKHX, HTEPAIIMOHHBIX I[MKIIOB.

UToOBI TOCTHYH 3TOTO IPEKPACHOTO COCTOSHHS, MOJCIHU JOJKHEI
OBITh JOCTaTOYHO TIOJHBI, YTOOBI OBITH HCIIOJHCHHBIMU CaMHU IO
cebe. [Ipu 3TOM HE MOIDKHO OBITH OTHENBHBIX MOjeinei "aHammza"
i "au3aiHa", TOTOMY 4YTO BCE MOJAETH OJMHAKOBEL Mojaenn
CKOpee CBsi3aHBl MEXIy co0oH, deM TmpeoOpa3oBaHbl OJHA U3
JPYTOi, W BIIOCJIEICTBUN OHHU BCE MPEOOpa3yloTcs B OAHY OOIIYIO
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MOACIb, KOTOpas 3aTeéM NEPEBOAUTCA B KOJ B COOTBETCTBHUHU C
€IMHOM apXUTeKTyphl cucteMbl. Takoi noaxox k MDA HazbiBaeTcs
Agile MJIA.

Buorpagus: Crue Memwtop (Stephen Mellor) - Bcemupno
MIPU3HAHHBIN NPO(ECCHOHaNl W MHOHEp B CO3AaHUH 3P (PEKTUBHBIX
HWHXXEHEPHBIX IOIXOMO0B B 00JAacTH pa3pabOTKH NPOrpaMMHOTO
obecnieuerns. B 1985 oH omy0namKoBaI IIMPOKO M3BECTHYIO BO BCEM
MHpe KHHUTY B TpeX 4acTsx: «CTpyKTYpHUpOBaHHOE NPOCKTHPOBAHIE
cucteM peanpHoro Bpemenm» (Ward-Mellor trilogy Structured
Development for Real-Time Systems),- a 3atem B 1988 u mepBsic
KHUTH, OCBSILEHHbIE 00BEKTHO-OPHEHTHPOBAHHOMY aHAJIN3Y.

B 2002 romy CrtuB omnyOauxoBan kuury «Executable UML: A
Foundation for Model-Driven Architecture» (UML kak ocHoBa
MDA (Model-Driven Architecture)). Ero nambomee mo3mHee
u3ganue, mnocesamennoe MDA:  «Principles of Model-Driven
Architecture » (ITpuauunsr MDA),- ony6iukoBano B 2004 rony.
Ou mpunumaer aktuBHOe ydactue B OMG (Object Management
Group), BO3MIABJSISE KOHCOPIUYM, KOTOPBIH J00aBISICT HOBBIC
¢ynkmmn B UML, a B HacTosimee Bpemsi OH paloraer Han
cragmaptom s UML. JIBa cpoka moapsy OH ObUI 4JIEHOM
apxutekrypHoro cosera OMG (Object Management Group) wu
cneuuanusupoBancst no  Bompocam MDA (Model-Driven
Architecture).

CruB, omud u3 tex, ko moxamucan Agile Manifesto. Iosieienue
9TOTO JIOKYMEHTa 03HaMEHOBAJIO HA4yall0o HOBOM 3pbI B pa3paboTke
nporpaMMHOro obecmeuenusi. Ha moctosHHOit ocHoBe CTuB
BO3MJIABJISAET KOHCYJbTAIIMOHHBIH COBET IO IPOrPaMMHOMY
obecrieuennto npu |EEE. CruB Tak ke ObLI pyKOBOAMTENIEM
HCCIIEIOBATEIbCKUX  paboT  MOApa3JeNeHus  MpOrpaMMHOTO
obecrieuenus  koprmopauun  Mentor  Graphics  (nuaupyromast
KOpHopanus B 00JaCTH NPOSKTUPOBAHMS ¥ aBTOMATH3ALINH).
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SDLC Fine-Tuning

Optimize Your Software Development Life Cycle!

This specialized consulting service is intended to help
software companies:

- Improve their efficiency;

- Enable engineers to
eliminate bugs early;

- Shorten overall
development time;
- Improve software quality.

Our SDLC Fine-Tuning Service Includes
Three Major Phases:

- Identify bottlenecks in the software development
process currently being used;

- Design and implement process improvements
addressing identified issues;

- Teach software engineers how to effectively implement
and use these process changes.

Please write us at info@intspei.com
to request the service or to learn more
about INTSPEI solutions.

I,‘=\~ International Software and Productivity Engineering Institute = =\ :
(L )
\1'//—‘-— 1979 Marcus Avenue, Suite 210, Lake Success, NY 11042, USA
Call: +1-877-INTSPEI (+1-877-468-7734)
S P E Visit: www.intspei.com




Technical evangelism and its place in software
development process

Aleksandr Lozhechkin
Department of Platform and Evangelism
Microsoft

Abstract

Lately the word “evangelist” which is traditionally related to
religion, has begun to be used more and more often in a new
context, as an evangelist of ideas, and ideas which are far away from
religion. For instance, Richard Stollman is often called an Open
Source evangelist; official position of Anton Nossik in SUP is again
an evangelist. Russian Microsoft subsidiary, which, by the way,
introduced this term in the new context in Russia, has a special
division of technical evangelists. The goal of this session is to
describe what evangelism really means, how beneficial it can be for
a software development company, what kind of projects are most
suitable to be evangelized and how to effectively and efficiently
integrate evangelism efforts to the software
development process

Bio: Alexander Lozhechkin leads a team of
technical evangelists in the Department of
Platform and Evangelism group in
Microsoft Russia starting from January
2007. Before this Alexander had been an
Architect and Developer Evangelist in
Microsoft since 2004. Before Microsoft
Alexander was leading software development team of document
management solution DocsVision in Digital Design company.
Alexander holds master’s degree in Electronics from Saint-
Petersburg State University of Aerospace Instrumentation, PhD in
Computer Science from University of Railways Communications.
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TexHuYeCKH eBaHTeJIU3M U ero MecTo B pouecce
CO3/1aHHS POTPAMMHOI0 o0ecrevYeHust

Anexcanap Jloxeuxknn
JlemapraMenTe cTpaTernyecKnX TeXHOJIOTHit
000 «Maiikpocodt Pyc»

Te3ucol

B rmocneaHee BpeMs  CIIOBO — «EBAHIEIHCT», TPaTUIMOHHO
OTHOCSIIEECH K OOJNACTH pENUIud, CTajJ0 BCE dYallle M 4Yarle
YIOTPEONAThCS B HOBOM JUIsl ce0sl KayecTBE - CBAHTEIUCTa HJICH,
NpUYEM HaXOA[IIMUXCA BechbMa JAajieko oT penurud. Hampuwmep,
Puuapna Croymana yacto HasbiBaloT eBaHrenucrom Open Source,
nomkHocTh AHToHa Hoccuka B CVYIle Toxke Ha3bIBaeTcs
eBanreiaucT. A B Poccuiickom mpeacrasurensctBe Microsoft, c
KOTOpOT'0, KCTaTH, HAYaJ0Ch NPOHUKHOBEHHE ITOTO CJIOBA B HOBOM
Jutsi ce0s1 kavuecTBe B Poccuio, eBaHTENHUCTOB BOOOIIIE LBl OTIEI.
[enbio MOKIa1a SIBISIETCSI PACCKA3 O TOM, YTO JK€ TAKOE €BAHTCIIH3M
HAa CaMOM [ielie, KaKyl0 TII0JIb3y €BaHTEIN3M MOXET MPUHECTH
TEXHOJIOTHYECKONH KOMIIAHHHU, B KAaKOrO pojia MPOEKTax Tpedyercs
LEJICHANIPABICHHO 3aHUMAThCS EBAHTEIM3MOM, a TaKkKe Kak
3pQEeKTUBHO M He Tparsi M30BITOYHBIX PECYPCOB HHTErPUPOBATh
€BAHTEJIMCTCKYIO JEITELHOCTD B MPOLECC CO3AaHMs IIPOIrPAMMHOTO
obecrieueHusl.

buorpadusi: Anexcanap JloxeukuH Bosriasiser [pynmy
€BaHrequcToB B JlemapTameHTe crpareruueckux texHojoruii OO0
«Maiikpocodt Pyc» ¢ ssaBaps 2007 rona. Jlo nmpuxoaa Ha TEKYIIYIO
mo3unuto, AnexkcaHnp JloxxkedkwH paboTan eBanremnctoM c 2004
roga. Jlo mpuxoma B Microsoft Aliekcanap BO3MIABISUT TPYIITY
pa3paboTKu CHUCTEMBI JOKyMeHTOOOOpoTa DocsVision B KOMIIaHUU
Digital Design. B 2000 roxy Amnexcanap JIO)K€YKHH OKOHYMI
(bakympTeT PAagHMOTEXHHUKH, OJIEKTPOHHKH © cBs3u  CaHKT-
[Tetepbyprckoro rOCyapCTBEHHOTO YHHUBEPCHTETA
a’pOKOCMHUYECKOTo mpubopocTpoeHus, B 2004 romy 3amtuTiil
muccepraiio B [leTepOyprckoM rocylnapcTBEHHOM YHHBEPCHTETE
myTel COOOIEHS.
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The economics of the staff training at the enterprise

Andrey N. Terekhov
Lanit-Tercom Inc

Karina Terekhova
NOKIA

Abstract

It is well-known that the main problem of the modern IT industry is
the severe shortage of staff. They teach IT experts at classical
universities and technical colleges, in colleges (technical schools),
on the paid short-term courses, an idea of the second or additional
higher education becomes more and more popular, but the lack of
qualified staff doesn’t reduce. Many large IT companies open
training-centers where they give additional knowledge or even
retrain the staff, found by their HR. Such additional costs essentially
increase a firm overhead charge, but often it is the only way to solve
the problem. Sometimes it’s necessary only to explain to the new
employee existing company standards and accepted technologies,
but if it is necessary to learn programming languages and effective
algorithms then it is hardly to understand what is the real alma mater
of employee: his college or his company.

Labour market “overheat” automatically causes unrestrained growth
of salaries. There are problems for employers as a result. The social
tax in Russia is high enough — 26,2 % from the salary (in the
western countries it does not exceed 15 %, and often it is paid by the
worker, instead of the employer).

Rent and communication costs grow every year — or at least don’t
fall. Therefore the maintenance of the highly skilled staff costs
much to the enterprise. Generally nobody can start work
constructively immediately, so it causes additional essential losses
for the company.

Every year about 150 thousand IT of experts graduate from high
schools in Russia— one of the best values in the world, but the lack
of them is still huge. Besides, training level is different in different
universities and colleges, especially in small towns. One more
problem — high schools practically do not train students in many
important skills for the industry, for example, team work, version
control, culture of reports, budgeting, methods of quality assurance
and so on.
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Some colleges begin to work in another erroneous manner — become
to be specialized courses of one certain technology, for example,
SAP or.NET, forgetting about basic knowledge.

Thus, any IT company should spend rather big amount of money for
their staff’s training. In this report we will describe some variants of
this activity and will try to compare them from the economic point
of view.

Bio: 1971 - graduated from the
Mathematics and Mechanics Faculty of
Leningrad State University. Received a
diploma with honour in the field of
Computer Science.

1978 - Ph.D. from Leningrad State
University. Thesis: "Synthesis of efficient

programs”.

1991 - Professorship, habilitation thesis: "Software technology for
real-time embedded systems”. In the same year 1991 founded and
became director of State Enterprise "Tercom".

In year 1996 founded and headed Software Engineering Chair of St.
Petersburg State University. In year 1998 founded and became CEO
of the "Lanit-Tercom Inc". In 2008 "Lanit-Tercom Inc" and
Moscow software company "Artezio" merged into AT Software.
Andrey N. Terekhov heads Board of Directors and supervises R&D
department of the new company.

In 1999 Andrey N. Terekhov was one of founders of software
developers association of St.-Petersburg — Fort-Ross. When in 2004
on the base of Fort-Ross the All-Russia association of software
developers — RUSSOFT has been created, Andrey N. Terekhov has
been selected as its first Chairman of board of directors.

Professor Andrey N. Terekhov has more than 70 scientific

publications (including 4 books). He is a member of ACM and
IEEE.

30



JKOHOMHKA NMOATOTOBKH KaJAPOB HA NMpeINpUATHH

Anapeii H. Tepexos
3A0 «JIanut-Tepkom»

Kapuna TepexoBa
NOKIA

Te3ucobl

OOmen3BecTHO, YTO OCHOBHOM mpoOnemoii coBpemenHor |T
WHIIyCTPUH SIBJISCTCS OCTPBIA JNeguuur kaapos. |T crennanuctos
TOTOBSAT B KJIACCHYECKHX YHHBEpPCHTETaX M TEXHHYECKHX By3aX, B
KoIekax (TeXHMKyMax), Ha IUIaTHBIX KPaTKOCPOUYHBIX Kypcax,
BcE Oosiee TOMyJISPHOW CTAHOBUTCS HWICS BTOPOTO WM
JOTIOJTHUTEIBHOTO BEICIIIETO 00pa30BaHus, HO KBATU(PHUIINPOBAHHBIX
KaJpoB BCE paBHO He XBaraeT. MHorume kpymHble |T KomMmaHum
OTKPBIBAIOT CBOM TPEHUHT-IICHTPHI, B KOTOPBIX IOYYHBAIOT HIIH
Jake TIEPEYINBAIOT CIEIHAIICTOB, HalieHHbIX uX HR ciyx6amu.
Takue [OMONHHUTENBHBIE TPATHl CYIICCTBEHHO YBEIHMYUBAIOT
HaKJIaTHBIE PacXOObl MPEANPHUATHSA, HO YaCTO IPYTOro MyTH IPOCTO
HeT.

Xopomio, ecnd OOBACHATH HOBOMY COTPYAHHKY HAJO TOJBKO
CYLIECTBYIOIIME Ha MPEINPUATHM CTaHIAPTBI W  TPUHSTHIC
TEXHOJIOTUH, HO eciu MIPUXOIUTCS YUUTD A3BIKAM
MIPOrpaMMHPOBaHUS U 3(P(PEKTUBHBIM alrOpUTMaM, TOTJa BOOOIIE
HETIOHSATHO, KTO YeM 3aHUMACTCS.

«[leperperocTh»  pBHIHKA  TpyJa  aBTOMATHYECKH  BJICYET
0e3yIep>KHBIA POCT 3apIUIaT. B CBsI3M ¢ STHUM BO3HUKAIOT IPOOIEMBI
y paboromareneir. B Poccrm HOBONBHO BBICOKHE — IUHBII
commanbHerid Haor (ECH) — 26,2% ot 3apminatel (B 3amagHBIX
cTpaHaX OH He mpeBbimaer 15%, a gacTo ero BOOOIIE IUIATHUT
paboTHuk, a He pabortomarenp). Kakmblii rof pacTeT CTOMMOCTH
apeHbl IUIOLAJed, a CTOMMOCTh KOMMYHHMKAlMA — HHUKAK He
mamaeT. Kak ciencTsue, coepkanre BEICOKOKBATH(DUITMIPOBAHHOTO
CHeNHaIncTa oporo o0xoawTcs mpennpusatuio. Ecim ke OoH He
MOJKET HEMEIJICHHO MPHUCTYIUTh K CO3UAATENFHON padoTe, a Jarie
BCEro, 3TO MMEHHO TaK, NPEANPHATHE HECET IOIMOJHHUTEIbHEIC
CYILIECTBEHHBIE MTOTEPH.

Byssl Poccnn rorosst nopsiaka 150 teicsa IT cnenmanictoB B rof
— O/IUH W3 KPYIHEWIINX INOoKa3aTeled B MHpe, HO MOTPEOHOCTH B
HUX €Il¢ BbIIIE, KPOME TOT0, YPOBEHb NOATOTOBKU CUIBHO Pa3HUTCS
OT By3a K BYy3y, 0COOEGHHO B HeOoipmMx roponax. Emé onHa
mpobiemMa — BY3bI MPAKTHYECKH HE 00Y9Yar0oT MHOTHM BaXKHBIM IS
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NPOMBIIUICHHOCTH HaBBIKaM, HalpuMmep, padore B KOMaHIE,
BEPCHOHHOMY KOHTPOJIO, KYyJbTYpE OTYETOB, OIOKETHPOBAHHIO,
MeronaMm oOleclieueHHs1 KadecTBa W Tak jainee. HekoTopwie BY3bI
CKaTbIBAIOTCSI B JPYI'YI0 KPalHOCTh — MPEBPALIAIOTCS B KypChl MO
MIOJIrOTOBKE B paMKax POBHO OJIHOI TexHoJjoruu, Hanpumep, SAP
wm .NET, 3a0b1Bast 0 pyHIaMEHTaIbHOW HOATOTOBKE.

Takum o6pazom, kaxnoe | T mpeanpusitre B 11000M ciydae TOIDKHO
TPAaTUTh JOBOJBHO OOJNBIINE ICHBIM Ha HOATOTOBKY KaipoB. B
JaHHOM JIOKJIaJle MBI ONUIIEM HEKOTOpble BapHaHTHI STOH
JeATEIFHOCTH U MOIPOoOyeM CPaBHUTH HX C SKOHOMHYECKOW TOYKH
3pCHHS.

buorpadusi: Angpeit H. TepexoB 3akoHUMI C OTIMYHUEM
Marematuko-mexanuueckuid dakynsrer JII'Y B 1971 romy, Obut
MEpBBIM  BBITYCKHUKOM  HOBOW  KadeIpbl MaTeMaTHYeCKOTo
obecrieuennss OBM. B 1978 Amnppeii H. Tepexor 3ammruin
KaH/UIATCKYI0 TuccepTanuio (K.¢.-M.H.) 0 TEXHUKE TPAHCISLHH, a
B 1991 pnokropckywo auccepranuio (Takxke (uU3-MaT HayK) IO
TEXHOJIOTUH TPOTPAMMHUPOBAHHSA BCTPOCHHBIX CHUCTEM pPEaJIbHOIO
BpemeHu. B 1994 roxy cran npodeccopom.

B 1976 romy Aunpeit H. TepexoB ObLT Ha3HAYUCH H.0. 3aBEIYIOICTO
nmabopaTopueil cucteMHOro mporpamMupoBanns HUMMM JIT'Y, B
1984 — cran odunMANEHEIM 3aBEYIOUIMM 3TOH IlabopaTopud, B
1987 wMm ObUT 00pa3oBaH COBMECTHBIH KOMIUIEKCHBIH OTAEN
Munnpowmcsizu CCCP u Muno6p PCOCP, Ha ocHOBE KOTOpOTro B
1989 roxy 6b11 06pazoBan HUM «3Beznay JIHITIO «KpacHas 3aps»,
B KoTopoM AHzapeit H. TepexoB paboTan 3aMecTUTeNIeM JUPEKTOPa
o MEePCHIEKTHBHBIM HayYHBIM HCCJICTIOBAaHUSIM (o
COBMECTHUTENLCTBY). B 1996 romy Aunapeit H. TepexoB co3gan u
BO3MIaBMI Kadeapy cucremHoro nporpammupoBanusi CIIOI'Y, a B
2002 tomy — co3man um BosrmmaBun HUW  wHpOpMamoHHBIX
texaonoruii CIIOI'Y. Mmeer Gonee 70 HaydHBIX IMyOMUKamid (w3
HUX 4 KHUTH).

B 1991 rony Anppeit H. Tepexos coznan I'VII «Tepkom», a B 1998
rogy — B nomonHeHne K ['YII «Tepxom» Obuio coszmano 3AO0
«Jlanut-Tepkom», B koTopeix Amnzapeii H. TepexoB Obun
reaepanbHbeIM aupexTopoM. B 2008 romy 3AO «Jlanut-Tepxom»
00BEIMHIIIOCh ¢ MOCKOBCKOW KOMITaHWEH «ApTe3no», BO BHOBB
obpasosannom npexnpustun AT Software Auapeit H. Tepexos —
BosrmaBmsger  CoBeT  auMpekTopoB u  pykoBogur  R&D
JeTTapTaMeHTOM.

B 1999 rony Anapeit H. TepexoB SBHICS OOHUM U3 yUpeIuTeleH
accoranuu paspadorunkoB [10 Cankr-IlerepOypra — ®@opt-Pocc.
Korma B 2004 rogy na O6aze @opr-Pocca Obuta co3paHa

32



Bcepoccwuiickas accormarus paspadorunkoB [10 — PYCCOODT,
Annpeit H. TepexoB Obut u3bpan e€ mepeeiM [Ipencenatenem
CoBeTta IUPEKTOPOB.

Annpeit H. Tepexos — unen ACM u IEEE.
Berymiienue

OcHoBHOW mpobnemoit coBpemenHor |T wHIyCcTpHH
SIBIISICTCA OCTPBI gedurut kaapos. |T cremuamucToB TOTOBIT B
KIIACCHUYECKHX YHUBEPCHTETAX M TEXHHUYECKUX By3aX, B KOJUIEIKax
(TexHWKyMax), Ha IUIaTHBIX KPAaTKOCPOYHBIX Kypcax, Bc€ Oomee
MOMYJIAPHOM CTAHOBUTCSA HAEA BTOPOTO WM JOMOJTHUTEIBHOTO
BBICIIEr0 00pa30BaHMs, HO KBAIM(UIIMPOBAHHBIX KaJpOB BCE PABHO
He xBaTaeT. MHorue kpynHble |T KOMIAHMM OTKPBIBAIOT CBOU
TPCHUHI-ICHTPLI, B KOTOPLIX AOYYHBAIOT WU AAXKE MCPCYUUBAIOT
CHeUuaNucToB,  HaineHHelx ux HR  coyxbamu.  Takue
JOTIOJTHUTCIIBHBIC TpaTbl CYIIECTBEHHO YBCIWMYUBAIOT HAKJIaJIHBIC
pacxonbl IPEANPUATHS, HO YaCTO APYroro IyTH MPOCTO HET.

Xoporo, ecau OOBICHATH HOBOMY COTPYIHHKY HaIO
TOJIBKO CYNIECTBYIOIIME Ha NPENNPUSITHH Pabodne MpOLECCH |
NIPUHSTBIE TEXHOJOTWH, HO €CJIM TPUXOAUTCS YUUTHh S3bIKaM
MPOTPaMMHpPOBaHUS. M 3(QQPEKTUBHBIM aJITOpUTMaM, TOTAA €ro
LEHHOCTh JUIS MPEANPUATHS PE3KO MajacT, W NPEeINpPHUSITHIO Mopa
MIepeCMOTPETh MOJIUTHKY HabOpa KaJpoB.

10-15 ner Ha3ax HEXBaTKy KaJlpOB CIHCBHIBAIN Ha «YTEUKY
MO3roB», KOraga Jydliue MU CaMbI€ HHUIMATHUBHBLIC CICHHUAIUCTBL
yezxann Ha 3aman. Cedyac 3TOT MPOIECC MOYTH TOITHOCTHIO
npekparuica. bonee Toro, ceiyac Ha MHOTMX TMPEIIPUATHIX
Cankr-IletepOypra paboTarOT BBIXOMIBI KaK M3 OJMKHETO, TaKk U
nansHero 3apyOesxns. KagpoB Bce paBHO HE XBaTaer.

«IleperperocTb» pbIHKa TpyJda AaBTOMATHYECKH BIICUET
Oe3ylepKHBIH POCT 3apIuiaT. 3adeM ye3kaTb B AMEpHKY, €Clli
MOXHO TiepebexkaTb Ha COCEIHee IPeINpHUsITHE, CYIIECTBEHHO
TIOBBICUB CBOIO 3apIuiaty. [Ipu aToM Thl xuBems Ha Poanne, BOKpyr
BCE TOBOPAT Ha POJHOM SI3bIKE, MOJOX0MHBIN Hajor (13%) oxnH U3
caMbIX HHM3KHX B MHUpE, a IIeHbl Ha XWJIbE€ M TPAHCIIOPT XOThb U
OBICTPO pacTyT, HO BCe ele B 2-3 pasza HWXKe, YeM B AMEpHKe WU
Esporne.

IIpobnemsl Bo3HWKaWOT y pabotomareneii. B Poccun
JIOBOJIHO BBICOKHH enuHbIN connansHbiid Haor (ECH) — 26,2% ot
3apIuiaThl (B 3aMaHBIX CTpaHax OH He mpeBbimaeT 15%, a yacTto ero
BOOOIIE TUTAaTHUT paboTHHWK, a He paboromartens). Kaxmsiii rox
pacter  CTOMMOCTh  apeHJbl  IUIOMaAei, a  CTOMMOCTh
KOMMYHUKaIlMi, BOIIPEKU IPOTrHO3aM, He majaaer. Kak ciencrsue,
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COJEp)KaHWE BBICOKOKBANN(HUINPOBAHHOTO CHEIHUAINCTa JOPOTO
obxomurcst mpeanpusATHio. Eciam ke OH He MOXET HEeMeIJIeHHO
MIPUCTYNUTH K CO3WAATENIbHOM paboTe, a yalie BCero, 3T0 MMEHHO
Tak, IPEANPUITUE HECET CYIECTBEHHBIE IIOTEPH.

Byssl Poccum  Bbimyckator okoio 150  TeICTY T
CHEeNMAINCTOB B rof. JTO OJUH U3 KpyNHEHIIUX IOoKazaTenell B
MHpE, HO MOTPEOHOCTh B HHX €IIE BBIMIE, KPOME TOTO, YPOBEHBb
MOATOTOBKA CHIBHO pa3HUTCS OT By3a K BY3y, OCOOEGHHO B
HeOompIIMX ropofax. Emé onna mpobieMa — By3bl IPaKTHIECKH HE
00y9Jal0T MHOTHUM BaXXHBIM [UISI IPOMBIIIICHHOCTH HAaBBIKaM,
HampuMmep, padoTe B KOMaH/E, OCHOBAM YIIPABJICHHUS NPOCKTAMH,
BEPCHOHHOMY KOHTPOJIO, KYJIBTYpE OTYETOB, OIOIKETHPOBAHUIO,
MeTonaMm oOleclieueHHsl KadecTBa M Tak janee. HekoTtopeie By3bl
CKaTBIBAIOTCS B JAPYI'YI0 KpPafHOCTh — IPEBPAIIalOTCs B KYPCHI IO
MOJIrOTOBKE B paMKax OJHON TEXHOJOTWH, Hampumep, SAP wmu
.NET, 3a0bIBast 0 (GyHAaMEHTAILHOH HOATOTOBKE.

Takum obpasom, kaxaoe | T npeanpustre B 1000M caydae
JOJDKHO TpPaTHTh JIOBOJILHO OOJIbIIME JICHBIM Ha IOUCK H
MEePEenoAroTOBKY KaJpoB. B 1aHHOH CTaThe MBI ONHUIIEM HEKOTOPHIE
BapHaHTBl 3TOH JAEATEIBHOCTH M TONPOOyeM CpaBHUTh HX C
SKOHOMHUYECKON TOUKH 3PEHHUS.

1. lIpu6sLIbHOCTH OU3Heca paspadorku 10

Kaxnomy HPEANPHUITHIO HYXHO MHOTO
KBaTM(UIMPOBAHHBIX MIAJIUIMX IMPOrPAMMHCTOB M TECTEPOB (HE
MeHee MOJOBUHBI BCEX pa3paboT4MKoB). VIMEHHO 3TH KaTeropuu
pabOTHHKOB Yalle BCETO MOJBEP)KEHBI TEKy4YKe W OHHU )K€ TPeOyIoT
JIOTIOTHUTENBHOTO 00pa3oBaHusi. Bo CKOIBKO TakoW CIEIUATHUCT
00XOHUTCS MPEIIPUATHIO?

IycTh ero exemecsiuHas 3apruiata cocrasiuser $1000. Do
HE CIIMIIKOM OOJIblIas 3apIuiaTa, HO He 3a0bIBaliTe, 9TO pedb UAET O
MJIaJIIUX MporpaMMHcTax U Tecrepax. Toraa 26,2% mnpennpustue
JIOJDKHO YIUIATUTh B KaUeCTBE eUHOro colranbHoro Hanora (ECH),
10 ectb $262. Tompko uto B Poccuu BBENM HOBBIH 3aKOH, IIO
KOTOpOMY HeKoTopwle kareropun |T mnpeanpustuii (Hampumep,
skcrioptepsl I10) moryr mnatute ECH mo craBke 14-16%, HO
IIMPOKOH MPAKTUKU €r0 IPUMEHEHUS €1lIE HeT.

Crierranucta HaJio pa3MeCTHTh B XOPOIIO 000PYI0BaHHOM
MIOMEIICHNH, HHade TpyaHO OyneT HATH Ha pBIHKE Tpyda
KaHAWOaTa, Jla W 3aKa3uukd oO0pamaioT OoiblIIoe BHUMAHHE Ha
MecTo pabotel. B Hacrosmiee Bpems (sieto 2008 roma) B CaHkT-
[lerepOypre croMMocTb KBaapaTHOro MeTpa B OH3HeEC-LIEHTpE
cpenHero kimacca cocrasiseT $35. Ilo poccuiickuM HOpMaM Ha
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OJHOTO COTPYIHHKA MOJDKHO NPUXOAMThCA B cpemHeM 10 M2

(Biroyasi yaiHble KOMHATBI, IEPErOBOPHBIC, TYyaJeThl M T.IL.).
Takum 06pa3om, apeHaa coctaBisieT $350 Ha OHOTO CrICHUATIHCTA.

HaxnaHbie pacxo/bl (pacxo/ibl Ha aIMHHUCTPALUIO, CBSI3b,
oOciry)kMBaHHE TEXHUKM M T.I.) O00bIMHO cocraBisiror 30% ot
3apmiaTel. BooOmie-to, apeHza NOMEUICHWH BKJIIOYaeTcs B
HaKJIAJHBIC PACXOIbl, HO MBI €€ BBIJEIHM, NMOCKOIbKY B CaHKT-
IerepOypre 1ena apeHmsl ObicTpo pacteT. OtHecem $300 Ha
HaKJIaTHBIC pacXo.bI (KpOME apeHIbI).

[Ipennpustie MOMKHO pPabOTaTh C HPUOBLIBIO, IMPHYEM,
ecnu mpuObLTH coctaBiser MeHee 10% oT obopora, HaIOroBBIC
OpraHbl HaYMHAIOT II0J03pPEBaTh MNPEANPUSITHE B YKIOHCHHH OT
ymaatsl Hanoros. [loatomy onenuM npuosuis B 20% OT 3apmiatTel
(uro maer mpumepHo 10% ot obopota), To ecth $200, ¢ KOTOpOI
yIEPKUBAETCS HAJIOT Ha MPUOBLTE (24%), T.e. $48

Takum o6pa3oM, cymMMapHBIe 3aTpaThl Ha | Miajmiero
MPOrpaMMHUCTA MM TECTEPa COCTABIISIIOT

$1000+$262+$350+$300+$48=$1960 (B mecsm)

Yenyru MOJIOZOTO CIIELIMAIIACTA OLIEHUBAIOTCS
3aka3unkamu He Oomee $15/gac, T.e. $2400/mecsi (B 3amagHbIX
KOMIIAHHSX MPHHAITO CYUTATh, YTO B Mecsie 160 pabouux 4acos).
DTo He 3apruiata, a UMEHHO OOIIasi OIEHKa, YTO MOXET MOJYyYUTh
MPEAIPUSITHE, TPEIOCTABIISS YCIYTH TaHHOTO CIICI[HATUCTA.

K cokaneHuro, peko Koraa yaaercsi 00ecnednTh 3arpy3Ky
crienuanucra 6onee, yem Ha 85% (6one3HH, TepephIBBI B 3aKa3ax,
o0yuenue). [1o3TOMy BBIpyYKa Ha OJHOTO MOJIOAOIO CICIHAIKACTA
OIIEHUBAETCS TAK:

$2400*0,85=$2040

Kak BumuM, mosrydyaeTcss HE CIMIIKOM OOJbIIasi MpHUObLIL
(4%, naxe menblie pacueTHbIX $200). [yns yBenmudeHus mpuObUIA
HEOOXOAMMO TpOJaBaTh YCIYIH Aa)Xe MOJOJBIX IPOTPaMMHCTOB
nopoxe $15/4ac, a 3TO BO3MOXKHO TOJIKO MYTEM MOBBIIMICHHS UX
kBanmudukanmu. [loaToMy ynepkanue KaapoB, y)ke paboTalommx Ha
MPEONPUSATHN, BaXKHEE ITOJMTHKH TPHUOOPETEHHS HOBBIX KaJpOB.
PaccmoTpuM BapHaHTHI TOWCKA W TTIOATOTOBKH KaJIPOB M OIICHUM HX
TaKkKe 10 MPOJODKUTENBFHOCTH pabOThl HAa  MPEATNPHATHH
HalJICHHBIX KaJ[pOB.
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2. OneHka Ha4YaJbHBIX 3aTpPaT Ha MOMCK CIleNHATHCTa HA
PhHIHKeE

B Cankr-IletepOypre 25 BY30B €KErOJHO TOTOBAT OKOJIO
4000 BBITYCKHMKOB TI0 OCHOBHOMY CIIMCKY CIEHUaIbHOCTEH

UHPOPMAIMOHHO-KOMMYHHUKAI[MOHHBIX TEXHOJIOTHI (UKT).
[otpebHOCT Hamero ropoxa B MKT-cnennanncTax oneHWBaeTCs B
JeCATh pa3 Oosp1e.

5-10 mer nasan cremumanuctoB o MKT roroBwinm cymecTBeHHO
MEHbBIIIE, 3aTO OONBIIOE KOJMYECTBO HHXKCHEPOB  IPYTUX
CIeNHaTbHOCTEH, HEe HAIEANNX paboTy B COOTBETCTBHH CO CBOMM
oOpa3oBaHUeM, IEpEeyYMBAINCH Ha mporpammuctoB. Celdyac B
Poccun HaGmonaercs MoabeM INPOMBIIUIEHHOCTH, MO3TOMY 3TOT
IIpoIiecc MPaKTUUECKHU TTOJHOCTBIO IPEKPaTHIICS.

B kpymnHbIie MpeANpUsSTHS BBIITYCKHUKH MPUXOAAT U CaMH,
HO BCE-TaKM Jla)ke W3BECTHBIC TPEANPUATUS  BBIHYXKACHBI
oOpaIaTbcsi B peKpYTHHIOBBIE areHTCTBA. 33 Ka)KA0ro HaiJIeHHOTO
CIICIMATKNCTAa areHTCTBO TpebyeT 15-20% oT ero romoBoil 3apIuiaThl,
T.e. B HaIlIUX OleHKax — $3-4 Teicsaum.

YMeHHe mporpaMMHUpOBaTh Ha HYXHOM JUIA JTaHHOTO
3aKa3a s3bIKE OOBIYHO TPOBEpSeTCS yxXKe Ha coOecelOBaHWH MPH
npueMe Ha paboTty. Ho Beap HY)KHO Hay9YHTh NPUHATHIM B TAHHOM
KOJUICKTHBE CPEACTBAM BEPCHOHHOTO KOHTPOIIS, aBTOMaTHIECKOTO
TECTHPOBaHUs, (popMaM EKEHENEITbHOW W UTOrOBOW OTYCTHOCTH,
CTaHJapTaM Ha MPEICTAaBICHUE HCXOAHBIX TEKCTOB IPOTPaMM U T.1.
Hy>HO, 4TOOBI HOBBIH CHEIMATIICT MMO3HAKOMUIICS C TEMH YaCTSIMHU
KOZAa, KOTOphIe OBIIM HAaNMCaHBI JO HEro, HO KOTOphle emy (eif)
MIPEICTONT HCIONB30BaTh. HyXHO pa3o0paThCcs C TPYTHOCTSIMH
MIPEeIMETHOW O0JIaCTH, M3YYHUTh HOBBIC JUII HEr0 IPOTOKOJBI.
Crucok HEoOXOMUMOTO ITO0OOydYeHHs BCerha pPa3HbI W Bceraa
OO0JBIION.

[lo pa3HBIM omeHKaM, YTOOBI HOBBIH CIIEIMAIUCT Hadaj
ycnemHo paborark, HAafO MOTPATHTH HA ero goodydenwe 1.5 — 3
MECSIa, TO €CTh TPU-IIECTh THICAY JO0JIAPOB. JTa OLIEHKA SIBIISETCA
HIDKHEH, Tak Kak MHOIJa MPUXOJUTCS MOCBUIATh MOJIOI0TO
crenuanicTa Ha Kakue-HuOynb kypebl (eme $1-2 Teicsum), Ha
HOBHYKA TPATIT BpeMs APYTHe COTPYIHHUKH (TakKe OICHHWBAEM B
$1-2 ThIcsuM), HHOT A MPOIIECC 3aHUMaET U Gojee 3 mecsues. U yx
COBCEM  TPYOHO OIEHHTH TOT  (akT, YTO, MOJB3YsIChH
«IIEPErpeToCThIO)» PBhIHKA TPYAa, HEKOTOPHIE CHEIHMAINCTH (a uX
CTaHOBUTCA BCE Ooblne) B3sM cebe 3a MPaBWIIO MEHITh MECTO
paboThl KaXk/Able MOJT0Ja-rof, IIOBBILIAsE CBOIO 3apIuiary, HO
NpEAIpUSTHE HECeT NMpH 3ToM Oojplive morepu. Tem He MeHee
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[OJTy4aeM OLICHKY Ha HawyajbHbIe 3aTpaThl B $8-14 ThICSY HA OXHOTO
COTpYIHHKA-HOBHYKA.

B HOpManbHO# cuTyanuu mocie y4acTusi B 2-3 YCHEUIHBIX
npoekrtax (1-2 roma) MIagIMA OPOrpaMMHUCT WM TecTep
MIOBBIIIAETCS B JOJDKHOCTH, @ Ha €r0 MECTO HaJo HMCKaTh HOBOTO
cneuuanucra. CrienoBaresibHO, HadallbHbIE 3aTpaThl Ha HOBOTO
MITQZIIIETO MPOTPaMMHUCTa HIIM TECTEPa HAl0 OKYITUTh MAaKCHMYyM 3a
ZIBa TO1a.

[Ipn HOpME TpMOBIIM HAa OZHOTO COTpydHUKA B 4% (Kak
BBIYKCIICHO BBIIIC) U cpeaHeil MecsuHOl Boipyuke $2040, romoBas
pUOBLIL HA OIHOTO COTPYAHMKA TAKOT0 THMA He mpesbiiaet $1000
($2040 * 12 *0.04). 13 31X pacyeToB BHHO, YTO OKYIHUTH JaXe
MHWHHUMAaJIbHBIE PACcXOAbl HAa PEKPYTHHI «C HYJsA» 3a [IBa TOJa HE
yJaercs.

Bcraer Bonpoc — noueMy NpeAnpusTUsS UIYT Ha 3aBEAOMO
HEMpOIyKTUBHBIE pacxoabl? Bo-mepBeIX, pagu NOAAEpIKaHHUSL
00bEMOB TPOU3BOJICTBA, TaK KaK JUIS MOJYyYSHUS! KPYITHBIX 3aKa30B
W yBENWYEHHs pa3Maxa omepaunuii HeoOXOJMMO [0Ka3aTb CBOU
BO3MOXKHOCTH K PacIIMPEHHIO B CIIydae HEOOXOJMMOCTH.

Bo-BTOpBIX, MBI BO3BpamaeMcsi K KO3QQGUIHEHTY TeKydKH
KanpoB. Eciii oH HeBenWK, TO B YCIOBHSAX KPYITHOTO HPEANPUSITHS
€CTh pacyeT Ha Oyayllee MOBBIIIEHHE HPUOBIIBHOCTH JTAHHOTO
cotpynHuka. YTo HE OTMEHSeT HEOOXOJUMOCTh €)XKEroJHO
MOBTOPSATH Tpoliecc Habopa CHEeUUaJMCTOB HA4YaJbHOTO YPOBHS
HanboJiee SKOHOMHUYHBIM CIIOCOOOM.

3. Kak MBI rOTOBHUM Kaapsbl 1JIs cedst

B mpempimynmmx pasgenax CTaTbM MBI TIOKa3ald, Kak
TPYAHO TPEIIPUSATHIO HAWTH MPOTPAMMICTOB Ha PBIHKE Tpyda U
CKOJIBKO 3TO MPUMEPHO CTOUT. A €CTh JIH JPYTUE CIIOCOOBI pEIICHUS
3TOM MPOOIIEMBI?

ITockonbKy 0JMH U3 aBTOPOB CTaTbU HE TONBKO PYKOBOJUT
MIPEATIPUSTHEM, HO U SBIISIETCS 3aBEAYIOIMM KadeIpoil CHCTEMHOTO
nporpammupoBanust CII6I'Y, wmpes mpuBieYb NPOTrPaMMHCTCKHE
MPEINPUATHA K MPOIecCy MOATOTOBKH KaJIpOB B YHUBEPCHUTETE MY
MIPHIIUIA B TOJIOBY MHOTO JIET Ha3as.

Pasymeercs, sta umes He HoBa. Eme B CCCP otmuunO
pabotanu 6a3oBbIe Kadeapbl KPYIMHBIX MPEANPHUITHH B M3BECTHBIX
By3ax. Ho Ta skoHOMUKa HE ObLTa PHIHOYHOW, HUKTO HE CUUTAJI, BO
CKOJIBKO OO0XOMUTCS MPEOUPUATHIO KaXXIBIH ITOATOTOBIICHHBII
cnenuanucT. Hamo — u Bcé! B Hame BpeMs MHOTME KpyIHBIE
(GUpMBI  OKa3bIBAIOT NOAJECPXKKY YyHUBEpcHTeTaM B  (opme
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CTHIICHOWH CTYyAEHTaM M HPENOAaBAaTENsAM, OIUIAThl KOMAHANPOBOK
Ha CBOM Hay4HO-TeXHHWYecKHe KoHpepeHumu, OecruiatHoro [10 u
cBoero o0opynoBaHus. OT0 BCE BaXKHO, HO HE HOCHT CHUCTEMHOTO
XapakTepa ¥ HE MOXeT KapJAWHAJIbHO W3MEHHUTh KadecTBO
MOJITOTOBKK CTYAEHTOB, a TJIaBHOE- WX MOTHBALMIO INpU BbIOOpE
TIEpBOI'0 MECTa PAaOOTEHL.

Ham n3BecCTHO HECKOJIBKO CITydaeB, KOTAa MPEANPUSITHE B
COTPYIHHYECTBE C YHHBEPCHTETOM Opajock OpPraHU30BaTh
MOJTHOLIEHHOE  O0y4eHHe B  KadeCTBE BTOPOTO  BBICIIETO
obpazoBanus. [lourn Bcerma 31O OBUIO IUIaTHOE OOydYeHHe, T.e.
MIPEATIPUATHE MBITAJIOCh HE TOJIBKO TOTOBUTH JUIA ce0s KaJpsl, HO U
OpraHW30BaTh HOBBIM OM3HeC. Bce 3TM MONMBITKM HE BBIIUIM 32
PaMKH SKCIEPUMEHTA B CHIIy YKOHOMHYECKHUX MPUYUH.

Takum oOGpa3om, MpocTas U MOHATHAs HAES TOJITOTOBKH
KaJpoB MPEINPUATHEM B COTPYAHUYECTBE C YHUBEPCUTETOM HE TaK
MIPOCTO peanuzyeMa. B dYacTHOCTH, KOTJa MHOTO JeT Ha3aj
A.H. TepexoB cran mnpoasurate 5Ty wuuaeo B 3A0 «Jlanwur-
TepkoM»', rie OH PabOTal TeHEPaTbHBIM IUPEKTOPOM, JUPEKTOPA
JerapTaMeHToB npuHsun e€ B mThkH. «IIpodeccop, Ber metaerech
pemmThs npoOseMbl cBoer Kadenps! 3a cuér npennpustus. C gero
3TO MBI JOJDKHBI 3aCTaBIATh CBOMX COTPYIHHUKOB BBINOJHSTH
paboty mpenopaBateneld kagenpsi?» Ho MHOroMmecsuHele morepu
n3-3a TOro, 4yro Hama ciayx6a HR npu Bcém crapanum He Moria
HANTH MOIXOASIIHE KaJIphl B JOCTATOUHBIX KOJHYECTBAX, H3MEHMIIA
cutyanuo. Metogom npo0 1 ommnboK, a Takxke 0Jarogaps yCUIUsIM
OTJENBHBIX JHTY3MacCTOB HaM YHaJlOCh BBICTPOUTH METOIUKY
MIOJITOTOBKH CTYJICHTOB, 00eCIeunBalonIyto mpuTok 20-25 xopommx
CHENMATNCTOB  €XEroJHo, TMpH 3aTparax, MEHBIINX, 4YeM
ynoMmsHyTele B maparpadax 1-2 mgaHHOW CTaTbd Ha TIOHCK
CHELHATINCTOB «C ynunbl». Camoe riiaBHOE, TaKOH MOJX0]] XOPOIIO
paboTaeT He TOJILKO B TIOATOTOBKE KaJpOB, HO M B MX YAEP>KaHWH Ha
TIPEATIPUSTHH.

31ech MBI mombITaeMcsl  c(hOpMYJIMPOBAaTH  OCHOBHBIC
MOMEHTBl Halleil MEeTOJUKH, OCHOBaHHbIE HAa MHOIOJIETHEM
ycnemHoM cotpyanudectse 3A0 «JlaHut-TepkoM» U MaTeMaTHKO-
Mexanudeckoro ¢akynpreta CIIOIY. Mbl cuuTtaem, 49TO mNpH
COOJFO/IEHIH TIEPEYHCIICHHBIX Jlajiee TpeOOBaHMM, 3TOT OIIBIT MOXKET
OBITh TUPXKHUPOBAH U APYTHMH MIPEATIPUATHIMHU.

! Jlerom 2008 roma 3A0 «JIannt-TepkoM» GBLIO MPEOOPAa3OBAHO B
koMmmanuio AT-Software myTem CIMSHHUS ¢ MOCKOBCKOW KOMITaHHEH
Artezio.
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Bo-nepBBIX, YHUBEPCUTET-TIAPTHEP JOJKEH O0ECIEUNBATH
Xopomylo  0a30Byl0  (yHIAMEHTAJIbHYIO  HOATOTOBKY IO
MaTeMaTUYecKOMy aHalu3y, ajiredpe, TI'€OMETPHH, JUCKPETHOU
Maremaruke, S(QEKTHBHBIM QJITOpPUTMaM M JAPYTUM pasjeiiam
COBpPEMEHHOW MaTeMaTHKH. Hukakoe npeanpuariue He CyMeeT 3TOro
obecrieunTh, HO OTH 3HaHUS  aOCOJIOTHO  HEOOXOIUMBI
MIPOTPaMMHBIM HH)KEHEPAM.

Bo-BTOpBIX, YHHBEPCHUTET  JOJDKEH  CIEOBaTh
MEXKITyHapOIHBIM 00pasoBaTebHbIM cTaHmapTam Computer Science
Curricula 2001 u Software Engineering Curricula 2004. Poccuiickue
YHHBEPCUTETHl  TPAJWULIHOHHO CWIBHBI B  MaTeMaTHKE |
«KIIACCHMYECKOM» MPOrpaMMHPOBAHMH, HO BOIPOCHI YIPABICHUS
NpoeKkTamH, oOecredeHHs KauecTBa, KOJUIEKTHMBHOW pa3paboTKu
YacTO OCTAIOTCSI 33 paMKaMH y4eOHOW NporpaMMbl. YTIOMSHYTbIC
BbIIIC MCKAYHAPOAHBIC CTaHAAPTBI BOCIIOJHAIOT 3TU HpO6HeMLI.
Jia mat-mexa CIIGI'Y mepBoe TpeGoBaHHE BBIMOIHSIIOCH BO BCE
MEPUONbl  CYIIECTBOBaHUS (haKydpbTeTa, a BTOPOE TpeOOBaHUE
MPUBCIIO K TMOABJICHUIO HECKOJBbKUX JOMOJHUTCIIBHBIX KYpPCOB.
CorpynHukn Kadenpbl MNPUHSAIN YydJacTHE B IIEPEBOAE 3THX
CTaHAAPTOB Ha PYCCKUH S3BIK.

B uem xe torma posnp npenmpustus? W poccuiickue, u
MEXAYHApOIHBIE CTAaHAAPTHl TPEOYIOT TPOBENCHHS €XETOTHON
HAyYHOH paboOTHI CTYyAEHTOB (KypcoBas padoTa), MPOXOXKICHHS
HpeI[)IHHHOMHOﬁ MpaKTUKu Ha IIPpOU3BOACTBE, HAaKOHCII,
BBITIOJTHEHUS]  3aKJTIOUUTEIBHONW JTUIUIOMHOW paboThI, MpHYeM
CTaHAapT 10 MPOIPaMMHOM MH)KEHEPUU HACTOMYMBO PEKOMEHIYET
MMEHHO KOJUIEKTHUBHBIE paboThl. [Ipenmpusarue MOXXeT BBIIEITUTH
Hay4YHBIX PYKOBOJUTENEH-TBIOTOPOB s PYKOBOJICTBA
HEOOJIBIINMU rpynmnamMuv CTyJA€HTOB MO TEMaM, MHTCPCCHBIM [JIA
npeanpusTys. [Ipeanpusitie MOXXeT MpefoCTaBUTh KOMIBIOTEPH 1
JpYyTHe pecypchl, HEOOXOANMBIE [UISl BHITIOJIIHEHNUS pabOTHI.

[peanpusitTne  Moxer  obecredyuTb  HEOOXOIUMYIO
YHUBEPCUTETY  OOpaTHYIO CBsI3b, T.. apryMEHTHPOBAHHYIO
nHopManuio, YTO XOpOIIO, a YTO IUIOXO B 00pa3oBaTeIbHOM
mpouecce  yHuUBepcuTeTra.  HakoHel, NpeanpuiTHE  MOKET
peaOCTAaBUTDH HpenonaBaTenel‘/'I 110 HOBEHUIITUM TCXHOJIOTHAM, C
KOTOPBIMH ~ KaJIpOBbIe  IpENojaBaresid  emé He  yClenu
IIO3HAKOMUTHCA.

Takum  oOpa3oM, TpeTsUM TpeOOBaHHEM  SIBIISETCS
TOTOBHOCTH peaAnpuATA B3ATbH Ha celst MEPECUYUCICHHBIC
o0s3aTeNbCTBA  MEepell  YHUBEPCUTETOM, IIPH  3TOM  Iepej
NpPEANPUSTHEM  BCTAlOT JIBE€ OCHOBHbIE mpoOieMbl  (Kpome,
pasymeeTcsi, MaTepHaJIbHBIX 3aTpaT):
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1. bau3ocTh HAay4YHBIX M TEXHOJOTHYECKHX HAINpaBICHUM.
Hwu onna xadenpa, HU oquH QakyIbTET HE MOXET OBITH OJAMHAKOBO
cuiieH cpa3y Bo Bcex HampaeieHuwsx IT. Ilpennpustiio HyXHO
CTPEMHUTBCSL BBIOMpATh YHHBEPCUTETHI-MAPTHEPHI CO CXOIHBIMH
OCHOBHBIMH HHTEPECaMHU.

2. Tapantus umnBectnumid. [Ipeampusitue BKJIAIBIBAaeT B
MOJTOTOBKY ACHBIH, YCUIHSA CBOUX COTPYAHHUKOB, APYTHE PECYPCHI,
a CTyJCHT, IOJyYMBIIMH IOIOJHHUTEIBHYIO MOITOTOBKY, CKaXeT
cmacub0 ®W YHOET Ha [pyroe mpedmpusTHe. IJTa IpodiemMa
POJICTBCHHA yXX€ YIOMMHABIIECHCS Ba)KHOH HpoOiieMe yaepKaHUS
KaJpOB M PEIIAETCS CXOXKUMH METOIaMH.

Ham MHOroneTHHH ONBIT MOACKA3bIBACT, YTO €CIH YXK
CTyleHT paboTan Haj KypcoBod pabotoit 3 u 4 kypca Ha
NPENIPUATUH, TIPOLIET TaM MPEIAUINIOMHYIO IPAKTUKY W HaIKcall
TaM JK€ JUIUIOMHYIO paboTy, OH yXe XOpOIIO OCBOWJICS Ha
NPENNPUATHN, 3HACT YCJIOBUA TPyJa W HAyYHO-TEXHUYECKHE
HanpaBJICHUA MPEANPUATHA, KOTOPbIC MHTEPECHBI €MY, 3HACT JIMYHO
MHOTHX COTPYJHHKOB, TO OH (OHa) Oyaer paboTaTh Ha NPEANPUITHI
MHOTO JIET, B CpEIHEM JOJbIIEe COTPYIHHUKOB, HANICHHBIX «C
YITULIBD.

B cpemHem, coTpymHEK, HaimeHHBIH ciyxOoii HR,
paboTaeT B KOMIIaHHM 2 TO/a, YTO B HECKOJIBKO pa3 MEHBIIE, YeM
CPEIHUH CTax padOTHI HAIIMX BBITYCKHHUKOB.

4. Bo 4T0 3TO 00X0AUTCA

JUid muTIoCTpalii OMHMCAHHOTO BBIIIE TMOAXOAA y4dacTus
MPEaNpUsATHS B TOATOTOBKE CTYJACHTOB IPUBEIEM KOHKpPETHBIE
3arpatel 3A0 «Jlanut-Tepkom» B 2006-2007 yaeOHOM TOIY.

CoTpyIHUKH TIPEANPHUATHS BeUepaMH BEOyT 3aHATHS CO
CTy/IGHTaMH OT/AeNeHus WHGPOPMaTHKH MaT-MeX (akynbrera
CIIoI'Y. MHorna y4arcst U CTyJEHTBI APYTUX OT/AENEHUH MaT-Mexa
win JIpyrux (akyJbTeTOB, M3peaKa BCTPEYAIOTCS M CTYICHTHI
JpYTUX By30B, Mbl HUKAKHX OFPAaHUYEHUH HE BBOAMM.

Kaxmp1it nemapTaMeHT BBIIEISIET COTPYIHUKOB I PaOOTHI
CO CTyIeHTaMH B paMKaX CBOMX HWHTEPECOB M TEXHOJOTHH.
CTyaeHThl UMEIOT BO3MOXKHOCTH IOTIPOOOBATH ce0sI B HECKOJIBKUX
rpymmax, IoKa He HallynaroT Oyn3kue UM TeMbl. CHadanta B KaxIou
TpymIe MPOBOAUTCA HECKOJNBKO 3aHATUH B TPATUIMOHHOM IS
YHHUBEpCHUTETa CTHJE (JCKIMH, CEMHHAphI), 3aTeM (OPMHPYIOTCS
CTYy/ICHUECKHE TMPOEKTHl JJIsi OTPaOOTKM HABBIKOB pPabOTHl B
komaHge. KaxJIplM MNpOEeKTOM pyKOBOAAT HE MeEHee JABYX
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COTPYIHHUKOB — JJISI CTPaXOBKH (KOMaHIUPOBKH, CPOUHBIE PaOOTHI,
6one3nn). OOBIYHO NPOEKT JJIUTCS TPH MeCSLa, TEMBI HOCAT CKOpee
pasBlIeKaTeNbHBIN, YeM CEepbe3HBIH XapakTep, HO OpraHHU3aLHs
NpOEKTa W HCHOJb3yeMble  TEXHOJOTMH  HOCAT  BIIOJIHE
MIPOMBILIICHHBIN XapakTep (IIaHUPOBaHUE, KEHEACIBHBIE OTYETHI,
BEPCHOHHBIH KOHTPOJIb, KOHTPOJIb KauecTBa M T.I.) Tembl pador
COTJIACOBBIBAIOTCSL € KadeIpoil CHCTEMHOTO MHpOrpaMMHpPOBAHUS,
IUIsL CTYZACHTOB OTAEIEHUS MH(OPMATHKH paboTa B CTYINECHYECKOM
MPOEKTe MOXKET OBITh 3a4TeHa B KadyeCcTBE KYpPCOBOW pabOTHI
(pazymeeTcsi, IpH YCHEITHOM 3aBEPIICHAN).

[lo 3aBepmieHMHM TpOEKTa yCTpawBaeTcs ITyOnM4Has
NIPe3eHTalys, NpUYeM KaKAbIH CTYICHT AOJDKEH paccKasaTh o
CBOEM YYacTHH B IIPOCKTE. Y MEHHE NPEICTABUTH CBOH PE3YIIBTATHI,
NpaBUJIbHASL PeYb M IPAMOTHOCTh BXOZST B 00s3aTENIbHBIN MepeueHb
3HAHMW 10 IPOrpaMMHOM  uHXeHepuu. MHTepecHO, 4TO
MIPAKTUYECKHU B KAXKAOM IIPOEKTE B MEPBBIC XKe HEAEIH 00pa3zyroTcs
OJIMH-[[BA JIUJEPa, X HUKTO HE Ha3HAuyaeT, JHJIEPCKHUEe KayecTBa —
9TO CBOWCTBa Xapakrepa. JIugepoB Mbl OepeM Ha 0COOYI0 3aMETKY,
13 HUX BBIPACTAIOT XOPOIINE PYKOBOIUTEIH.

JInist mydmmx cTyIeHTOB U3 BCEX MPOCKTOB MbI OPTaHU3yeM
JIETHHE LIKOJIBI B MioJe (4 4aca 3aHATHI B KOMIIBIOTEPHOM Ki1acce B
neHb). IloCKONbKY 3TH CTYAEHTHI JKEPTBYIOT 4YacThbl0 CBOETO
OTITycKa, MBI UM TuaTeM crurneHanto (2000 py6reir mmoc 2500
pyOneit B ciiyuae ycnenrHod paboThl Ha IIKOJIE).

B 2006-2007 yuebHOM TroOmy ObLIO OOpa3oBaHo 9
CTY/ICHUECKHX MPOEKTOB, B HUX Hadaiu padorath 80 CTyIEHTOB, K
MOMEHTY 3aBEpIICHUsI MPOEKTOB OCTaioch 60 CTYJAEHTOB, YTO MBI
cunTaeM OONIBIIMM  YCIeXoM. B mepBble TOIbl  Halero
9KCIEpUMEHTa 3aBepIlajo paboTy MeHee IOJIOBHHBI CTYJCHTOB.
Ceifuac MBI TpeuiaraeM 0ojiee MHTEPECHBIE IPOEKTHI, Jla M 00Imas
OpraHM3aIys 33 3TH OBl CHIIBHO BBIPOCIIA.

Kaxplit coTpyAHUK, pyKOBOAMBIIHNI IPOSKTOM, TPATHII Ha
9Ty JESATENFHOCTh MPUMEPHO 6 YacoB B HEJAEGNIO U TOJyYall 3a 3TO
JIOIIOJIHUTENBHO K 3apruiate 3-6 Telcsad pyOnei B mecsan. Iloreps
LIECTH YacoB B HEJENI0 3aMETHa JUIs OCHOBHOH padoOThI, HO
PYKOBOJICTBO JAEMApTaMEHTOB CO3HATEIHHO HMJET Ha 3TH MOTEPH B
pacueTe Ha MPHUXO0]] XOPOIINX KaJIPOB.

Bcero B ommceiBaeMOoM y4eOHOM TOAY Ha TOATOTOBKY
CTy/IeHTOB mpeanpusitue 3atparmwio okosno $30 Teicsiu, ObUIO
MPHUHATO Ha CTAXHUPOBKY 30 uenoBek, T.e. mopsiaok 3atpar — $1000
Ha ojgHoro craxépa. Pazymeercs, craxé€p — 3TO em€ He TrOTOBBIU
CHELHAJINCT, €ro, TaK ke KaK U HOBOTO CIICMAIINCTA, HAHICHHOTO
ciryx60i HR, Hano noyunBars, Ha Hero OyAyT TPaTUTh CBOE BpEeMs
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IpyTue COTPYOHHKM JelapTaMeHTa, HO IpodecCHOHaNbHbBIH
YPOBEHb TOJIyHYAIOLIETOCs B KOHIIE KOHIIOB CIELHATUCTa OYEHb
BbIcOK. B 3A0 «Jlanut-Tepkom» NpakTHYECKH BCE PYKOBOAUTEIH
IpYII, OT/IENIOB, AENaPTaMEHTOB — 3TO HAIIM BHITYCKHHUKH.

Hama xommaHus OBICTPO pacTeT, IUIaHOBasl IOJIOTOBKA
CHELUHUATNCTOB M3 YHCJA CTYIAEHTOB HE MOXET 3aKphiTh BcCe
HOTPEOHOCTH B KaApax, KPOME TOTO, HHOTAA HY>KHBI CIICLIHAIIICTHI B
TakUX 00JacTsAX, B KOTOPBIX MBI NOATOTOBKY He BexeM. Hamra
cryx6a HR exeromno HaOupaeT HECKOIBKO [ECSITKOB YENOBEK,
Hanpumep, B ToM ke 2006-2007 roxy Obuto HaHATO 20 HeNOBeK,
npu Oromkere HR crnyxOpr B $50 Thicsiy. Takum obOpasom, Ha
NPaKTUKE MBI UCIIOJB3YeM 00a METOJa U UMEeM BO3MOXKHOCTH HX
CpaBHUBATh.

5. Kak ynep:kathb Kaapbl

Pazymeercs, s KakI0ro HaeMHOTO pabOTHHMKa Ba)kKHA
BeIMYMHA 3aprulaTel. Ho He Toilbko 3apmiara yAep:KUBaeT
pabotHrka Ha mpeanpustun. Hanpumep, B 3A0 «Jlanut-Tepkom»
MBI HECKOJIBKO pa3 MPOBOAMIN aHOHUMHBIE OIPOCHI COTPYIHHKOB C
LENTbI0 TOHATh WX NMPHOPHUTETHI, IIOYEMY OHH pabOTalOT MMEHHO Y
Hac. [Tomyuniack Takast KapTUHa:

1. Bonpmas crabmipHas KOMIaHUA ¢ OOJBIION HCTOpHEH

2. Tecnas cBsi3b ¢ CIIOI'Y, HaykOoeMKOe POU3BOICTBO

3. bBonpmoit Habop BepTHUKaNEH, OSKCIEPTU3, AAIOIIUN
COTPYIHMKY IIUPOKHUIl BEIOOP IO MHTEpEcaM

4. BrIcoKOe KauecTBO MEHEPKMEHTA, XOPOIIO HaJIa)KEHHBIE
IIPOIIECCHI

5. KonkypeHTHO-c1IoOCOOHast 3apruiaTa

6. ConanbHbBIN IMaKeT

e  oIuIaTa KOMIIaHHWEH JOOPOBOIBHOTO
MEIHUIUHCKOI0 CTPaXOBAHUS COTPYIHUKOB

e OecruaTHOE 00yYeHHE HHOCTPAHHBIM S3bIKaM

e  «Oemnas» 3apruiata, OIuIaTa OTIIYCKOB,
OOJIbHUYHBIX JINCTOB

®  KOPIOpPaTHUBHBIE NMPAa3THUKN

Bcé 310 M0o3BONIMIO0 HAM YMEHBIIUTHh TEKY4YECTh KaJpOB 3a
nocnexuaue 5 aet ¢ 12% mo 8%.

MBI BepuM, 9TO COTPYTHHUKH YXOIAT C MPEANPUATHS HE U3-
3a «bornee 3e€HON TPaBbD) TIE-TO TaM, Ha APYTHUX NMPEINPUATHSIX, a
13-32 HENOCTaTOYHO 3€IE€HOH TpaBbl (IO MEpKaM KOHKPETHOTO
pBIHKa TPyZAa) Ha JAHHOM Npennpustuu. st ynepkaHus KaJIpos,
10 CyMME IE€PEYUCIICHHBIX BbILIE (haKTOPOB, MPEANIPUATHE IOJDKHO
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OKa3aThCid KOHKYPEHTHOCIIOCOOHO B TJIa3ax COTPYOHHKA C IPYTUMH
AHAJIOTMYHBIMH MPEIIPUATHSIMEA TOPOA.

Kak MBI BHIUM W3 ONPOCOB, WHACKC MPUBJICKATEIBHOCTH
MPEIIPHUATHS COCTABISICTCS M3 MAaTCPHATBHOW W HEMAaTepHUATbHOM
yacreil. CpenHue 3HAYCHHWS W OXHUIAHUS OT TMOJIHOTO MaKeTa
KOMIICHCAIIMKM  (3apIUiaThl IUIFOC  COIMANbHBIX ~ Ojar) OymyT
MIPUMEPHO OAWHAKOBBIMH JUISI BCEX COTPYAHHKOB OJHOTO YPOBHS,
OTKyZa OBl OHM HHU NPHUILIH Ha NPEATPHIATHE. 3HAYHT, OETO0 B
HeMaTepHaJIbHBIX (haKTOpax.

JIs COTpYOHHMKOB, TPUIICAININX «C YIHIBD) (akTop 2
(cBs3p ¢ CnbOl'Y W HayKOEeMKOCTh) MOXET HE HMETh TaKOH
MIPUBIICKATEIHHOCTH, KaK I BBHIPAIICHHBIX Ha Kadeape KaapoB, a
¢axtop 3 (MEHEHKMEHT U MPOLECCH, PUHATHIC HA MPEIIPHUITHH)
moTpeOyeT ajanTalMd IO CPaBHCHHIO C TPEABIIYIIAM MECTOM
paboTel — a 3To Bceraa auckoMGopTHO. JIJsl TeX, KTO MpHIIe] Ha
MpearnpusTie, OyAy4d YK€ B3HAKOMBIMH C TIPUHITBIMH TaMm
cTaHmaptamMu, o0a (akTopa TO3UTHBHBI M COCTAaBJIAIOT YXKE
BIUTAHHBIH MMM «AyX  Opeanpustus».  Maentudukaums
COTPYIOHHUKOB C SIPKO BBIPOKCHHBIM HAIIPABIICHHEM, METOJAMHU H
LHEHHOCTSAMH TIPEANIPUATHS U COCTABIAIOT TY Pa3HUIY B CpEIHEH
MIPOAOIDKUTEIHHOCTH PadOTHI COTPYAHUKA, O KOTOPOH MBI TOBOPHM.
6. 3ak10ueHue

B 370l cTatbe aBTOpPHI PACCMOTPEIH 3KOHOMUYECKHE BOIPOCHI,
CBSA3aHHBIE C HAOOPOM KaJpOB HAYAILHOT'O YPOBHS Ha MPEIIPUATHS
B obmactmu UTK, B  yclnoBusAX  HBIHEIIHETO  PBIHKA
kBanu¢uuupoBanubix UTK cnienuanucros B Poccuu.

MpbI moka3ayii, 4To MpHU CJIEeI0BAaHUN OOBIYHBIM METOJIaM HaiMma «C
YIHIBD» TOOUTHCS OKYIMAaeMOCTH KaJIpoB HaYaIbHOTO YPOBHS 33 TO
BpeMsl, YTO OHH IMPOBEAYT HA MEPBUYHON IOIKHOCTH, CIIOXKHO, H
TpeOyeT KECTKOTO KOHTPOJIS OFKeTa MO HaliMy, ¢ BO3MOXKHBIMHU
HETaTUBHBIMH TOCICICTBUSIMHU JJIsI KauecTBa Mepe- U T000YIeHUS
HAHSATHIX KaJPOB.

C npyroit CTOPOHBI, MyTh COTPYAHUYECTBA B 00JACTH TOATOTOBKH
CTYACHTOB MEXIY BY30M U NPEANPUATHEM BEACT K YCIICHIHOMY
00€eCTIeYeHNIO PUTOKA MOJIOBIX CIIEIHAINCTOB HA TMPEATIPHUITHE C
OJTHOBPEMEHHBIM CYIIECTBEHHBIM (B 4-5 pa3) COKpalmieHneM 3aTpar.
COpr)IHI/I‘-IeCTBO 6y}1€T MMPOAYKTUBHBIM W  B3aWMOBBII'OJTHBIM
TOJIBKO TIPU COOJIOJICHUH OTPEJICNICHHBIX YCIOBHH — KakKk MBI
noJpoOHO paccMoTpenu B nmaparpade 3.
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MBI TpOaHAIM3HPOABIM TPHMEP MOAOOHOTO COTPYJHHYECTBA
Mexay Crnol'Y um mpennpusituem «Jlanut-Tepkom» M mpou3Benu
pacyeTsl CpaBHUTEINIBHBIX 3aTpaT MpeanpusTus. B 3aknrodyeHue, Mbl
KOCHYJIUCh BOIIPOCA YAEP:KaHUS CIIELIMAIUCTOB HA NPEANPUATUU U
BIIUSHUS «IPOUCXOXKICHUS» KaIpOB HA HUX JOAIBHOCTH K
NPEANPUSATHIO (BBIPQXKEHHYI0 B CyMMe (AakTOpOB, BBIOpaHHBIX
CaMHMH COTPYJHUKAMH IO OTIPOCAM).

MBEI HajieeMces, 4TO 3Ta CTAaThs 3aHHTEPECYET JIMACPOB MPEATIPUITHH
UTK pomEKa ©W T0OOYAWT  paccuuTaTrh NPUOBUIBHOCTH |
HKOHOMHUYECKYIO 3 (PEKTHBHOCT IPOLIECCOB HaiiMa COTPYIHHUKOB C
YUYETOM «IIEPErpeTOCTH» HBIHEIIHEr 0 PhIHKa TpyAa B Poccuu.
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ANTEPHATMUBHbIM B394 HA MPOTPAMMHOE OBECTEYEHME
MO KOHTPOJIHO KAYECTBA.

AnbTepHaTHBHbIM B3 370 Bceraa «[pe-»
MpepoctopoxHocTs. [MpeaycmotputensHocts. [peaynpexaenue. [Mpuasan
CTATb HOCTOSILUMM MOTPSCEHMEM 11 KOHKYPEHTOB.

OH NpoaKTMBHO 0BECNEYUBAET BLICOKOE KAYECTBO PABOTHI MPUNOXEHNH
ANs NoAnepkku GusHec-NpoLeccos.

910 306NAroBPEMEHHOE NOHUMAHME M COMETAHWE 3afaY — NOCKOSIbKY MOAXOL,
«Hy, 7 nonaraio, HaM 3To HyXHO» yxe He paboTaer.

310 NporpaMmHoe 0becreyeHNe MO KOHTPOSIO KAYECTBA CO3AAHO st
YCTPOHEHMs HEOMPEAENEHHOCTU M PUCKOB NPU PA3BEPTLIBAHWM
11 OBHOBNEHNUN CHCTEMBI.

(é] ;
TexHonoruu ycnexa B 6usHece. /
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Agile Requirements Management

Askhat Urazbaev

Abstract

At first sight it looks like being Agile means get rid of requirements
analisys. For many people using agile methodology is merely an
excuse for lacking documentation and analysis in the project.
Indeed, once we have a rapid feedback from customer, is it really
important to waste time on thorough requirements elaboration?
Instead we can build "something", then allow our customer to look
at it and rework it if needed.

In the real world this approach often drives to serious problems.
During the session we will discuss the need in analysis in Agile and
when it is needed. We will consider different requirement
elaboration practices and discuss requirements management process
in agile world.
Content

o Do we need requirements analysis in Agile?

e Agile requirements practices and artifacts

e Requirements elaboration and analysis lifecycle
e  Metrics

I Bio: Askhat Urazbaev has graduated from
MIPT and made a typical career from
junior developer to project manager. Later
on, in Luxoft, Askhat as a process architect
was engaged in adopting "heavyweight"”
methodologies in different departments of
the company. Happily, thanks to one of the
customers, Askhat got familiar with Agile.
The new way of development looked very effective. Askhat has
participated in several Agile projects. Askhat started helping teams
and departments to adopt Agile methodologies in Luxoft. In March
2006 he has started Russian Agile Community (AgileRussia.ru). In
2008 Askhat along with his partner Nikita Filippov founded
company ScrumTrek which consults, trains and helps companies in
their transition to Agile. Among the customers of ScrumTrek there
are such companies as Yandex, Afisha, HeadHunter, Ascon, Luxoft,
Infopulse and many others.
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Ynpasienue Tpe6oBaHUAMHU B Agile

Acxat Ypa3oaes
Te3ucnl

Ha mnepsbrit B3rmsim kaxercs, uto Agile o3nasaer orcyTcTBHE
aHanusza TpebGoBanuii. Jlns muorux Agile - cnoco6 ompaBaath
OTCYTCBHME JOKYMEHTalMu MW aHanu3za B  mpoekte. Ho
JCHCTBUTEILHO, €CIIM MBI MOXKEM IIOJIy4aTh OBICTPYIO OOpaTHYIO
CBS3p OT 3aKa3uWka, TaK YK HYXHO JH 3aHHMAaThCcsI COOpOM U
agamu3oM TpeboBaHmii? Cpaemaem '"4To-TO", 3aTeM MOKaXeM
pe3yIbTaT 3aKa3YHNKY U, €CIIA TOTPeOyeTCs, epeIeacM.

Ha mpaktuke Takoil MOAXOJ 4YacTo TPHBOAUT K CEPHE3HBIM
npobiemaM. B nokmane Mbl mopaccyskaaeM Ha TEMY TOTO, HY>KEH JIH
aHamu3 B Agile um ecim HykeH - TO B Kakux clydasx. Mol
MOCMOTPUM HAa pa3iH4Hble MNPAKTUKK aHanu3a TpeOOBaHUH W
obcyaum mporiecc paboTel ¢ TpeboBanusiMu B Agile.
Copepxanue

e  Hyxen nu ananu3 TpeboBanuii B Agile

e [lpakTuku 1 apredakTsl aHaNN3a

e JKusHeHHBI nUKI cOOpa U aHamM3a TpeOOBaHUH

e  MeTtpuku

Buorpadus: Acxar Ypazbaes 3akorumn B 2000 roxy ¢ oTIaHIueM
MockoBckuit @uzuko-Texnuueckuii MHCTUTYT U chenan BIIOJIHE
TUIMYHYIO Kapbhepy OT MIAJIIEro pa3paboTyvka 10 MEHemKepa
MIPOEKTOB B HEOONBINOI ayTcopcHHroBoil kommaHud. llo3xke, B
kommanun LUXOft, Acxar B KauecTBe apXWTEKTOpa MPOIECCOB
3aHUMAJICS BHEIPEHHEM «TSDKETIBIX» TPaTUIMOHHBIX METOIOJIOTHH
pa3paboTKi MPOTPAMMHOTO OOecTeueHus: B  TOJApa3aeleHUSIX
KoMIaHuH. biaromaps oqHOMY M3 3aKa39MKOB OH «IIO3HAKOMUIICS
¢ Agile. Hosblii crmoco® pa3pabOTKM OKa3ajcs Ype3BbIYAMHO
3¢ QEeKTUBHBIM. 3aTeM OBIIM €Ille U eIl MPOEKThI, OCYIIECTBICHHbIE
¢ wucmonb3oBaHueM mnpuHLUNOB Agile. Acxar cranm 3aHHUMaThbCs
BHEJ[PEHHEM T'MOKMX METOJOJIOTHH B IOJpPAa3JENCHUSIX KOMITaHHH
Luxoft. B mapre 2006 roma OH OCHOBall JBHXXEHHE MPAKTHKOB
rudkoii paspabotku AgileRussia. B 2008 rogy Acxar BMmecte ¢
naptHepoM  Huxutolik ~ OwiMnmoBeIM  OCHOBAJI ~ KOMIIAHUIO
ScrumTrek, xoTopas KOHYIBTHPYET, MPOBOJWT TPEHHUHTH U
MIOMOTaeT KOMIAHUSIM BHEIpATh THOkme wmertomosoruu. Cpenn
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xmenToB ScrumTrek takme xommanmu, kak Yandex, HeadHunter,
Afisha, Acronis, Luxoft, Infopulse u muorue apyrue.
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VMware Infrastructure — the New Distributed
Operating System for the Datacenter

Bogomil Balkansky
VMware

Abstract

Tens of thousands of companies around the world are standardizing
on VMware’s flagship suite VMware Infrastructure to dramatically
decrease the cost of computing, align IT infrastructure with business
requirements, and provide unprecedented risk mitigation and
resilience. This session will discuss VMware’s roadmap of
groundbreaking new products and technologies that expand the
VMware Infrastructure suite into a virtual datacenter operating
system (VDC-QOS). The virtual datacenter OS from VMware allows
businesses to efficiently pool all types of hardware resources -
servers, storage and network — into an aggregated on-premise cloud
to deliver a highly elastic, self-managing and self-healing
datacenter. The session will also discuss how the virtual datacenter
OS enables federation of on-premise and off-premise infrastructure
to enable cloud computing.

Bio: Bogomil leads the product marketing
team for VMware Infrastructure -
VMware’s flagship suite for the datacenter.
Bogomil brings more than 10 years of
experience  defining and  marketing
application and infrastructure software
solutions.

Prior to joining VMware, Bogomil was
Group Manager in the Customer Data Integration business unit at
Siebel Systems, where he played a key role in growing the business
from inception to more than $75 million in revenue over three years,
capturing leading market share. Prior to Siebel Systems, Bogomil
was a product manager at CrossWeave, where he worked on
defining a composite applications platform. Bogomil began his
career as a management consultant at McKinsey & Company, where
he advised financial services companies on strategic and operational
issues.

Bogomil holds a Bachelor of Arts in Mathematics from Cornell
University and an MBA from Stanford Graduate School of
Business.
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VMware Infrastructure — HoBasi pacnpenenennas
onmepanuoHHasl cucremMa AJisl HEHTPOB OﬁpaﬁoTKI/I
JTaAHHBIX

boromua baakanckmii
VMware
Te3ucobl

JlecATKH ThICSY KOMIIAHMH BO BCEM MHUPE CMOTJIM CHU3UTH PacXOJbl
Ha mnoxnepxxanue WT-undpactpykrypsl u cormacoBats UT-
uHdpacTpykTypy € OusHec-TpeOoBaHMsAMH, Hcmoab3ys VMware
Infrastructure - ¢marmanckuii mpoaxykr VMware. B stom nokiase
Oymer obcyxmatbes Twian  passutus  VMware  Infrastructure,
KOTOPBIM IO3BOJIUT PAaCUIMPUTh 3TOT IPOIPAMMHBIM IAaKeT A0
MOJHOLUEHHOH BUPTYalIbHOH ONEPAlMOHHOM CHCTEMBI U1 LEHTPOB
ob6pabotkn manabix (VDC-OS). IIporpammusni maker VMware
Infrastructure mpemHasHaueH Uil BUPTyalH3alldid  CEPBEPOB,
XpaHWIUI © CeTe, a Takke A mnpeoOpa3zoBanust UWT-
nH}pacTpyKTypsl B  aBTOMATH3HPOBaHHYIO U  CTAaOMIBHYIO
BBIUHCIIUTEIBHYIO Cpeay. DTO Hanbosee OOMMpPHBINA MPOTrpaMMHBINA
MaKeT JJIsl BUPTYaJbHBIX HHPPACTPYKTYP, C IOMOIIBIO KOTOPOTO BbI
MOXKET€  HEMEIJIEHHO  MPUCTYNUTh K  CO3JaHHIO  CaMo-
ontumusupyromeiics UT-unppacTpykTypsl.

Buorpadusi: boromun bankaHCKui pyKOBOIUT AENAPTaMEHTOM
mapketuara VMware Infrastructure - ¢uarmasckoro mnpoaykTa
VMware mist eHToB 00paboTKu maHHEIX. Jlo mpuxomxa B VMware,
Boromuit 0611 pyKOBOMTENIEM TpyIiibl B otaeneHunn Customer Data
Integration B xomnanuu Siebel Systems, rje oH chirpail KIIFOYEBYIO
POJIb B pa3BUTHH OU3HECA OT €ro Havaia u a0 Oosiee yeM $ 75 mitH.
JI0X0J1a B TEUCHUE TPEX JIET, U BHIBE/ICHUS OU3HECA HA JIUAUPYIOIIHE
no3uiu Ha peiake. Jlo paboter B Siebel Systems, Boromun Gbun
MeHekepoM no npoxykuuu B CrossWeave, rie oH paboran Haj
pa3paboTkoii mIaThopM KOMIO3UTHBIX MPWIOKEHUNH. boromun
HAYMHAJ CBOIO Kapbepy KaK KOHCYJbTAHT MO BOIIPOCAM YIPaBICHUS
B kommanun McKinsey, rie oH mpemocTaBisl KOHCYJIBTAIIMOHHBIC
YCIYTH O CTPaTerHyecKUM M OIEepalMOHHBIM BompocaM. borommn
MOJYy4WJI CTeleHb OakajaBpa B O00JacTH MaTeMaTHKH B
Kopremnckom yHuepcutere 1 MBA B CtaHbopackoit Briciieit
mKosie Ou3Heca.
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Globalization of software development in matrix
management environment.

Igor Agamirzian
EMC Corporation

Abstract

The paper presents management model of distributed software
development in the current environment, efficiency and challenges
of proposed approaches are compared. Different models ranking
between fully centralized and completely decentralized ones are
compared. Optimization of process, balancing approaches based on
existing skills and domains of expertise is proposed. Experience of
implementation of distributed software development model within
MNC based on of EMC practice is considered.

Bio: Igor Agamirzian, Ph.D., is a General
Manager of the Software Development
Center of EMC Corporation in St
Petersburg, Russia. In his previous position
he was a National Technology Officer and
a member of the Cabinet of the Chairman
of Microsoft in Russia and CIS countries.
A He was running Government Relations and
Educatlon programs for Microsoft in 2002-2004, prior to that he was
responsible for managing relations for Microsoft Research with
Computer Science research institutions in the Eastern Europe,
including Russia and other CIS countries during 1999-2002.

Before joining European Microsoft Research Lab in Cambridge,
UK, Igor Agamirzian was running enterprise sales of the Microsoft
Moscow subsidiary. He joined Microsoft in 1995 as a consultant of
the Microsoft Consulting Services, and in 1996 started MCS
practice in Moscow, Russia. Before joining business in 1991 as a
co-founder and Technical Director of Astro Soft Ltd., a St
Petersburg based software development and system integration
company, Igor Agamirzian had a 12-year background as a senior
research fellow in the field of programming languages and computer
architecture with the leading institutes of the Academy of Science of
the USSR.
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Igor Agamirzian is an active Russian IT promoter within the
international research and business community. In 1991 he
published a first overview of the history and current state of the
Soviet Computer Science in the widely known computer magazine
“Computing in the U.S.S.R.” (Byte, April 1991). He is strongly
involved in the international activities around Information and
Communication Technologies, representing Russian private sector
in the G8 DOT Force, an international taskforce on the Digital
Divide and Information Society, and is often speaking on the
business and research conferences. In year 2002 Igor Agamirzian
was appointed as a Member of Advisory Board of the United
Nations ICT Task Force.
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I'no6amu3anus pa3padoTKu NPOrpamMMHOIo
olecreyeHus B yCJOBUSIX MATPHUYHOTIO YIIPaBJICHUSI

Hrops Aramup3sH
EMC Corporation

Te3ucobl

B nmokmame  paccmarpuBaeTcs — yHpaBlICHUECKas ~— MOJENb
pacupeneneHHONH pa3pabOTKH MPOTPaMMHOTO OOecriedeHus B
COBPEMEHHBIX YCIIOBHSX, OLIEHUBAIOTCA 3()(PEKTHBHOCTH M BHI3OBBI
npeajgaraeMbix 1oaxonoB. CpaBHUBAIOTCS pa3iiMYHbIE BapUaHTHI
YIPaBJIEHUS OT NOJHOCTHIO LIEHTPAIM30BAHHOM 10 CETEBOM MOJIEIH.
IIpemyaraerca  onTMMM3alMs  Ipolecca, Oasupyrlomasics Ha
HaXOXJEHWU OajlaHCa Ha OCHOBE WMEIOLIMXCS HAaBBIKOB U
sKcnepTussl. [IpakTuka peanu3alMu MOJENIH  paclpeeleHHON
pa3paboTKu  MPOTrPaMMHOTO obecrieueHnss B KpPYNHOH
TpaHCHAIIMOHAIBHONH KOPHOpPAIMH pacCMaTpHUBAcTCsl Ha MpUMEpe
ombITa Kopropamuu EMC.

Buorpadus: Urops PyGeHoBHY Aramup3sH, K. §.-M. H., SBIETCS
I'enepanbubiii  nupexktopoM LleHTpa pa3pa®oTku NPOrpaMMHOTO
obecrnieuenus: koprnopauuu EMC B Cankr-IlerepOypre, Poccust. Ha
CBOEM TMpEABIAYIIeM MecTe paboThl OH 3aHHUMall JOJDKHOCTH
JupekTopa Mo cTpaTerny B 00IacTH HAayKW M TEXHOJIOTHH M WieHa
Kabunera I[pesunenta Microsoft B8 Poccun u CHI'. B 2002-2004
rojax OH pykoBoaun nporpammamu Microsoft mo obpasoBanuio u
paboTe ¢ MpaBUTENBCTBEHHBIMH OpTraHU3aIlUsIMH, 10 dToro (1999-
2002) oTBeuan 3a B3aMMOJACWCTBHE C YHHUBEPCUTCTAMH M HAYYHO-
HCCIIEeOBAaTeIbCKUMH ~ OpraHm3anusiMu B Bocrounoit EBpome,
sBiIssich coTpymaukoM Microsoft Research.

Jlo paGotel B maGoparopun Microsoft Research B KemOpumke,
BemnkoOpuranus, Mrops PyOeHoBMY Aramup3sH pyKOBOIMI
oTIEIoM 10 pabdoTe C KOPIOpPaTUBHBIMM 3aKa3uMKaMH B
[pencraButensctBe Microsoft B Mockse. OH Hauanm paGoTy B
Microsoft B kauectBe koHCcynbTanta Microsoft Consulting Services
B 1995 rony, u B 1996 roay opranuzosain npaktuky MCS B Mockse.
Jdo wnauwama pabotel B OmsHece B 1991 romy B KadecTBe
COydpenuTeNs M TEXHHIECKOTo AupeKTopa kommanun ActpoCodr B
Cankr-Ilerepbypre, Urops PyOenoBnd AramupssH B TeueHue 12
jer paboTanm B KadecTBE HAYYHOTO COTPYJHHKA B BEIYIIMX
nHCcTUTYyTaX Axkazemun Hayk, 3aHHMasch HCCIENOBaHUSIMH B
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obmacTH  S3BIKOB MIPOTPaMMHPOBAHHS u ApPXUTEKTYPHI
KOMITBIOTEPOB.

Uropr PyOeHoBMu Aramup3siH UW3BECTEH KaK  aKTHUBHBIN
nponaranauct poccuiickux UT 3a pyOeskom, kak B Ou3HEce, Tak U B
Hayke. B 1991 rogy on omyOmmkoBanm mepBBI 0030p HCTOPUH H
COBpPEMEHHOTO cocTostHus porpammupoBanmst B CCCP B maccoBoM
KOMIIBIOTEPHOM HM3maHuu — crates “Computing in the U.S.S.R.”
(xypHan Byte, ampens 1991). OH axkTHBHO YydYacTByeT B
MEXAYHApOJHOH NEATeNIbHOCTH B 00JacTd WH(OPMALMOHHBIX H
KOMMYHUKAIIMOHHBIX TEXHOJOTU, YaCTO BBICTYNAET Ha HAay4YHBIX U
Ousnec-koH(pepeHuusx. Mropp PybGenoBuud Aramup3sH — ObLI
poccuiickum npencrasureneM B G8 DOT Force, mexxayHapoaHOM
9KCIIEPTHOM COBETE N0 npobiieMaM HH(GOpMaLMOHHOTO 00LIecTBa 1
npeoosicHuss WHGOPMAIMOHHOTO HepaBeHcTBa. B 2002 romy oH
611 HazHaueH coBetHukoM OOH mo MKT B UN ICT Task Force.
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EMC

where information lives®

IKopnopaumst EMC - BeAYLLIMIA MIAPOBOW pa3paboTH/K 11 NOCTaBLLUMK TEXHOAOT A
W peleHNn AAST MHPOPMBUIVIOHHBIX VHPPCTPYKTYP. PelueHns Koprnopauum
MO3BOASIOT OPraH/3aLISIM AIODBIX Pa3MEepPOB KaPAVHaALHO YCOBEPLLEHCTBOBATL
VIHOPMBUMOHHYIO VIHDPACTPYKTYPY, MPOBPeCT KOHKYPEeHTHbIE MPeyiMyLLIeCTBS
1, B KOHEHHOM UTOIe, YAYHLLIMTE CBOE NOAOYXKEHME Ha PhIHKE,

EMC R&D Center

CaHkT-[NeTepbyprckmn LieHTp Pa3paboTtok kopnopauin EMIC sIBASIETCS HaCTbIO
rmobansHo NporpavivMel EMC Mo MHBECTULIVGIM B MCCAEAOBEHS! 1 pa3paboTKA.
LIeHTp 38H/IM3EeMCs1 CO3ASHVIEM 11 PB3BATVIEM LIMPOKOMO CNeKTPa AVIAVPYIOLLIVX
Ha PblIHKe NPOrPaMMHBIX MPOAYKTOB U KAOHEBBIX TEXHOAO A KOMMaH, TaKIX KaK:

° NAATPOPMbI CUCTEM XPaHEHWSI AAHHBLIX

© peLleHUs1 AAS 3pXMBMPOBaHUS BOALLLMX 06bEMOB AaGHHBLIX
N ycTpaHeHUs N3bbITO4HOCTU ASHHBIX

® Cc1CTeMbl BBOAA MH(OPMaLIIN 11 SAEKTPOHHOIMO
AOKymeHToobopoTa

® peLleHns No HTerpauvn cCUcTem XpaHeHus)
¢ nAaTtdopmoin Mainframe

33 NOAPODHOW MHDOPMBLIVEN ODPaLLBIATECH Ha CaATH WWW.IUSSIZ.eMC.ComM I WWW.emc-Spb.com
V/IHhOPMAaLINS O BKSHCWSIX AOCTYIMHA Ha CTPaHVILIE WWW.IUSSIZ.emc.com,/go/jobs
V1 110 9ASKTPOHHOY NoYTe jobspb@emc.com.
000 «CaHkT-lNeTepbyprckun LieHtp PaspaboTtok EMC» - Poccuiickas MeaepaLins
199004, CaHkT-MeTtepbypr, BO, CpeaHnn np., 36/40, BusHec-ueHTp «OCTpoB»
en +/ (812) 325-4633, dakc +7/ (812) 325-4607



The Future of Multi-core: Intel’s Tera-Scale
Computing Research

Jim Held
Intel

Abstract

The Intel® Tera-scale Computing Research Program is a worldwide
research effort to create platforms for the next decade with
capabilities only dreamed of today. This requires embracing a shift
to massive parallelism through scalable multi-core architectures,
platforms and software which use 10s to 100s of cores to efficiently
process hundreds of threads and terabytes of data. This presentation
is about Intel’s research vision and the hardware and software
programming research to advance it.

Bio: Jim Held is an Intel Fellow who leads
a virtual team of architects conducting
Tera-Scale Computing Research in Intel’s
Corporate  Technology Group. Since
joining Intel in 1990, he has led research
and development in a variety of Intel’s
architecture labs concerned with media and
interconnect technology, systems software,
multi-core processor architecture and virtualization. Before coming
to Intel, Jim worked in research and teaching capacities in the
Medical School and Department of Computer Science at the
University of Minnesota where he earned a Ph.D. (1988) in
Computer and Information Science.
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Byayiiee MHOTO-sIIePHOCTH: IPOrpaMMma
ucciaenoBanmii Tera-Scale Computing

Joxum Xenpg
Intel

Te3ucobl

IMporpamma ucciemosanuii Tera-Scale Computing kommanuu Intel
9TO BCEMHpHBIH TPOeKT Kopropamuu Intel, HampaBieHHBIH Ha
pa3paboTky KOMIIBIOTEPHBIX wiatgopm Oynyuiero, 0
BO3MOXKHOCTSIX KOTOPBIX CETOAHS MOXXHO TOJBKO MeuTaTh. JTO
noTpedyer  mepexoja K IapayleNu3sMy € IOMOIIBIO
MaclITabUPyeMBbIX MHOTOSIEPHBIX ~ apXUTEKTyp, IuarGopm
KOMITBIOTEPHBIX CUCTEM, OCHOBaHHBIX Ha MPOLIECCOpax C JECITKaMU
W JaXe COTHSMH BBIYUCIHMTENBHBIX SJEp, JUIA TOTO, 4YTOOBI
3¢ deKTHBHO 00padaThIBaTh COTHH IOTOKOB M TepaOalThl JaHHBIX.
OTa npe3eHTauus 0 HalpaBICHUIX HCCIeIOBaHIH KoMmanuu Intel u
HPOrPaMMHOM 00ECIICYSHHH IS UX YCOBEPLICHCTBOBAHHUSL.

Buorpadusa: Lxum Xenm pabortaer B moapasmencaun Corporate
Technology Group kommanuu Intel u umeer craryc Intel Fellow. B
HAcTOslee BpeMs OH BO3MNIABISET BHUPTYAIbHYI0 KOMaHIY
ApXUTEKTOPOB MO  MporpaMme  HccleqoBaHuii  Tera-Scale
Computing. C tex nop kak ox npumen B Intel 8 1990 roay, ou
PYKOBOJIMII MCCIICAOBAaHHAMH U pa3paboTkol pspa mpoekTos Intel,
3aHMMAIOIIUXCS] BOIIPOCAMHU MENA U CBA3YIOIIUMHU TEXHOJIOTUSIMH,

CHCTEMHOT'O MIPOTPaAMMHOTO obecrieueHus, APXUTEKTYPHI
MHOTOSJICPHBIX MPOIECCOPOB W BHpTyanm3anuu. Jlo mpuxoma B
Intel, Jxum 3aHAMAJICS HAyYHO-HMCCIICIOBATEIbCKOM u

MPEIOIaBaTeIbCKON JACSITEIHOCTRIO HA MEIUIIMHCKOM (DaKyjIbTeTe
n (akynpTeTe KOMIBIOTEPHBIX HAayK B YHHBEpPCHUTETE IITaTa
Mumnnecora, rae o nomyuun Ph.D. cremens (1988) B obmactu
KOMIBIOTEPHBIX U HH(POPMAIIMOHHBIX HAYK.
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Open Source in Russia: Risks and Opportunities

Viktor lvannikov
Institute of Systems Programming of Russian Academy of
Sciences

Bio: Viktor lvannikov is an academician of Russian Academy of
Sciences, director of the Institute of Systems Programming, Head of
the Department of Systems Programming at the Moscow State
University and Moscow Institute for
Physics and Technology, chief editor of the
«Programming» magazine. Viktor is a
member of the international scientific
community ACM, IEEE Computer
Society; also he heads the Russian Branch
of IEEE Computer Society.

- Viktor Ivannikov has been a director of the
Institute of Systems Programming (Russian Academy of Sciences)
since its founding in January 1994. Ivannikov has published more
than 100 scientific papers in the field of development of the
architecture of computers and computer systems, interoperability of
distributed object-oriented systems. Victor made a fundamental
contribution to development of operating systems for processing
information in real time for the space flight control centers.
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CBo0ogHOe NporpaMMHoe odecrneyeHme:
IIpo6s1eMbl U NepCHeKTUBDI

Buxrop HBanHukoB
HHcTHTYT cucTeMHOro nporpammuposanust PAH
ivan@ispras.ru
WWW.ispras.ru

Bbuorpadusi: Bukrop IletpoBuu VBanHukoB — akagemuk PAH,
qupekTop HMHcerutyra cuctemHoro mporpammupoBanus PAH,
3aBeAyoOmMi  KadeapamMm CHCTEMHOrO TPOrpaMMHpPOBAaHHS Ha
(akynmpTeTe BRIYHCIUTEIBHON MaTeMaTHKH U KuOepHeTHKH MI'Y n
B M®TH, rnaBHbell penakrop xypHana «lIporpammupoBaHuey.
Buxrop IleTpoBuu sBIseTCS 4WIEHOM MEXIYHApOAHBIX HAyYHBIX
coobmects  ACM, |IEEE Computer Society; Bosriasmiser
Poccuiickoe otaenenne |IEEE Computer Society.

B. II. IBaHHuKOB sBIseTCs IupekTopoM MHCTHTYyTa CHCTEMHOIO
nporpammupoBanust PAH co Bpemern o6pa3osanus MCII B sHBape
1994. SIBnsinca OIHUM U3 OCHOBHBIX YYAaCTHHKOB CO3JaHUS IEPBOI
onepanuonHoi cuctemsl ([1-68) ms O9BM BOCM-6. OmybmikoBan
6onee 100 HayuHbIX paboT B 0OJacTH pa3pabOTKH apXUTEKTYpPbI
O9BM u BBIYUCIIUTEIHHBIX KOMIIJIEKCOB, obecrneueHus
HHTEPOTNEPaOETbHOCTH B pacrnpe/ieeHHbIX 00BEKTHO-
OpUEHTHUPOBAHHBIX cHCTeMax. BHec (yHIaMEHTaNbHBIH BKJIal B
CO3/IaHKE TEOPUH W MPAKTUKHU Pa3padOTKH OMEPAIMOHHBIX CHCTEM
BEIYMCITUTENFHBIX ~ KOMICKCOB,  OOECIIEYMBAIONINX  00pabOTKy
HHPOPMALIUHU B PESIKAME PEATFHOTO BPEMEHH B LIEHTPaX yIPaBICHHS
MOJIETAMH KOCMHUYECKUX anapaToB.

Te3ucnbl
Kaaccudpuxanus CIIO npoexkToB

Cobonnoe mporpammHoe obecneuenune (CIIO) — 3To He TOIBKO
HCXOJHBIE TEKCTHl MPOTPaMM HJIM MPOTPaMMBI B IBOMYHOM BHJIEC, B
BHJIE TOTOBOM Ui UcoiHeHus Ha koMmibtotepe. CIIO — 3To eme u
MpoIecChl  Pa3paboOTKH W CONPOBOXKICHHUS HPOTPaMM;  3TO
coobmiectBa co3gatenedd u  moib3oBatenier CIIO; 3TO HOBBIE
Mojienu OM3Heca M MHOTHE JAPYTHe CTOPOHBI PAa3BUTHUS SKOHOMMKH,
KYJBTYPBI, FOPUCIIPYACHIUN U 00IIecTBa B 1ejoM. [lo-BuauMomy,
HET OOJBIIOr0 CMBICTA KIACCH(UIMPOBATH 10 BHIAM COOCTBEHHO
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CBOOOIHBIX M OTKPBITBIX HPOTPaMM, TaK KaK 3THX BHIOB MHOTO.
3aTo MOXHO yTBepkaaTh, 4To CIIO mpoeKThl, Kak MpaBHIO, MOXKHO
OTHECTH K OJJTHOMY M3 YEThIpeX BHJIOB. DTO:

®  UHIMBHIyaJIbHbIE,

®  YHUBEPCHUTETCKHE,

®  KOpIOpaTHBHbIC,

e  OOLIECTBEHHEIE
IlepBele co3matoTCs OOHMM 3HTY3MAcTOM; HHOTZA K HEMY
MIPUCOCTUHACTCS emle HeOOIBIIOe HYHCIO TO0OpOBONBIECB. Bpems
aKTHBHON JKM3HM MPOEKTa HE BEIHKO M YHCIIO IOJb30BaTeIeH
TaKKe HE BEIHKO.
Bropoii Bua — 3TO MPOEKTHI, KOTOPBIC BEAYTCS YHHBEPCUTETCKUMHU
KoMaH/iaMH. B Havaje mpoekra sapo KOMaH/bl OTpaHHYMBACTCS
COTpYyIHHKaMH J1abopaTopuu; B JaJbHEHIIEM K KOMAaHIE MOXET
MIPUCOETUHHUTHCS 3HAYUTEIBHOE YHCIIO SHTY3HACTOB.
YHHUBEPCUTETCKUE KOMAH[bl CYIICCTBEHHO OoOJiee CTaOWIIBHBIC |
JIOJITOKUBYIINE, HEXKEIU CTUXUHHBIE TPYIIITBI JHTY3HACTOB, OOJIbIIIE
U KOJMYECTBO TMoJb30BaTeneld. YacTo cKiaipIBaeTCs albsHC W3
HECKOJIBKUX YHHBEPCHTETOB, 4YTO B JalbHEWIIEM yNpOINAeT
MIOCTPOEHHE COOOIIECTBA, WICHBI KOTOPOTO OOBEANHEHBI IIETIMHU H
paboTamMu IPOEKTa.
Kopnoparusasie npoexktst CIIO mnosBUAMCL HE Tak JaBHO U
TIOHAaYaly BOCIIPHHUMAINCh KaK HOHCEHC, TaK KaK CYHTAJIOCh, YTO
CIIO — 3T0 mone, OTKPHITOE B MEPBYIO O4Yepeab AJIS IHTY3UACTOB H
AIBTPYHUCTOB, @ COBCEM He JUIsI OM3HEca M CEePbe3HBIX KOPIOPALHiL.
Ceifyac 3TOT CTEpEOTHII MHOI'MMH YK€ HE MNPU3HAETCS, HUMEeTCs
LEJBIH psiJi TPUMEPOB ycrneuHbix koprnopatuBHbIx CITIO mpoekToB.
I'maBHOE OTJIMUME KOPHOPATHBHBIX MPOEKTOB COCTOUT B TOM, 4TO

MIPOEKT npecieayeT BIIOJIHE oTIpe/ieIeHHBIC LeJIH
MOJACPKUBAIOIIEH  €ro  Koprmopamuu (WM KOHCOPIMyMa
KOPITOpAaIHii), MIPOCKT KakK MPaBUIIO HAMEET XOPOIIO

OpPraHU30BaHHBI MEHEDKMEHT M CTa0WiIbHOE (MHAHCHPOBAHUE.
IIpumepamu ycnemssix koprnopatuBHbix CIIO npoekToB SBISAIOTCA
Eclipse (IBM) u Mozilla (AOL).

Ilocnenuuil, yeTBEpTHI BUJ NIPOEKTOB — IPOEKTHI, BOKPYT KOTOPBIX
oOpazoBaiuch CooOmEecTBa pa3paboOTINKOB H  TOJB30BaTENCH;
COOTBETCTBEHHO, OCHOBHOM IBMXKYIIEH CHJIOM 3THUX IPOEKTOB
ABJISIFOTCS.  KOJUIEKTHBHBIE YCWIIHS Pa3pabOTYMKOB B pealu3aliiu
menedf,  KOTOpBIE  TaKKe  ONPEHeNsIoTCS  COOOIIECTBOM.
«O0mmecTBeHHBIe» MPOEKTHI — 3T0 BhicmIast (popma CITO mpoekTos.
OHn wumeroT HauOosblIee YHCIO MOJB30BATENeH, WX pa3BUTHE
CTaOMJIbHO, HECMOTpPST Ha OYEBHIHBIC CIIOKHOCTU BBIYJICHCHHMS
o0mux menei U3 MHOXKECTBAa Pa3HOHANPABICHHBIX LIEJICH 4YIEHOB
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cooOmecTBa ¥ MPOOJIEMBbl C WMHTETPAlMel BKJIAZOB OTAENBHBIX
y4acTHUKOB B obmee  jgeno.  [IpuMepamu  ycHemIHbIX
«o6mmectBernbix» CIIO mnpoekrtoB sBisitoress GCC, GNU Linux,
Apache.
Mudsi o CITIO
CIIO, ©xak SBJIEHHIO MHOTOCTOPDOHHEMY ¥  IOCTOSIHHO
Pa3BHUBAIOIIEMYCSI X U3MEHSIOMEMYCs, TPYAHO, Jake HEBO3MOXKHO,
JaTh TOJHOE ompenesneHue. Mbl Takke He OyneM 3TOro AenaTh,
OIHAKO OCTAHOBHMCS Ha XapakTepHeIx ocoberHocTsx CIIO,
KOTOpBIE YacTO MOPOXKHAIOT MPOTUBOPEYHMBBIC TOJKOBaHMA. MX
YaCTO HA3bIBAIOT «MHpaMm». OCTAaHOBUMCS Ha TPEX U3 HUX:
o Huxrto He ynpasnser paszBurueM CIIO u Kaxabsli MoOXeT
BHECTH CBOM IIPAaBKM — U TO U JPYroe BeAeT K HeCTaOUIbHOCTU
u HebezomacHoctu CI10; y CIIO Het city)0 NoANepKKH;
o CIIO npoTuB KOMMEpIHATU3ALNY,;
o CIIO ucnone3yercs TOIBKO XaKepaMH U TEXHUYECKOH 3IUTOM.
B Mupe cymecTByeT Macca HEYNpaBIIIEMBIX INPOEKTOB, KOTOpHIE
co3arT (ecnu BOOOIIE CO3AAIOT) HECTAOHMJIBHBIE NPOrpaMMHBIE
MIPOIYKTHI, KOTOPBIE, B CBOIO O4€pelb, HUKTO He mojaepxkusaeT. Ho
3TO, B MEPBYIO OuYepe/b, NPOEKTH NMEPBBIX ABYX BHAOB, TO €CTh
MIPOEKTHI, KOTOPBIE HE TEPEPOCIN B CTAANI0 KOPIIOPATUBHBIX HIIH
«0OIIeCTBEHHBIX». B OTHOIIEHNN NBYX MOCIEIHUX HYXHO CKa3ars,
YTO YPOBEHb KaK COOCTBEHHO IPOAYKTOB, TaK M IIPOIECCOB
pa3pabOTKH M CONPOBOXJAEHUS B HHUX JOCTaTOYHO BBICOK; B
YaCTHOCTH, OH YCTpauBaeT BIIOJIHE CEPhE3HBIX M Pa300PUMBBIX
KOPIIOPaTUBHBIX [10J1b30BaTEIIEH.
Ha pannux cragmsax passutust CIIO Monenu, c4MTanoch, 4To cam
1o cebe MpPOrpaMMHBIN MPOJIYKT OJDKEH OBITH OecIIaTHBIM, 3aTO
YCIYTH 1O €r0 aJanTaliy, ONTUMHU3AIHNH, COPOBOXKICHUIO MOTYT
OBITh TUIATHBIMH, W 3TO JOJDKHO SBIISIETCSI MCTOYHHUKOB PECYpPCOB
1 obecniedennst xm3HenesTenpbHocTH CIIO mpoekToB. Ceituac
Takast popma «xommepunanuzauuun» CIIO He oTBepraercs, HO A
KPYIHBIX ITPOEKTOB, KaK KOPIOPATHBHBIX, TAK M «OOIIECTBEHHBIX,
CYLIECTBEHHYI0  JIOJI0 PECYypCcOB  NPEAOCTABISIIOT  KPYIHBIE
KOpHOpPallMM M TOCYNApCTBEHHBIE CTPYKTYPBL. JTO OOBSCHSIETCS
TE€M, YTO YCHEIIHOe pPAa3BUTHE TaKUX [POEKTOB OTBEYaeT
CTpaTernveckuM HHTEpecaM M TeX W APYrHX, POBHO MO JTOM
MPUYMHE OHU BKJIAJ(BIBAIOT JICHBTU B TAKHE TPOEKTHI.
CIIO nmoctymHO 7St XaKepoB — IOCKOJBKY 3/1€Ch BCE OTKPBHITO H
6ecrutatHo.  TexHnueckas oaiuTa TakKe MOXET H3BJICKATh
yHukansHele TpemmymectBa CIIO. HHtepecHslid mnpumep —
Microsoft moanmepxuBaer wu3ydeHue LinUX B yHHBepcuTeTax u
NPEUMYILECTBEHHO HaOMpaeT MpOrpaMMHUCTOB JUISl pa3BUTHUSI CBOCH
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OC wu3 Tex, KT0 MMeeT xopoiuii onslT B Linux. OgHako ceituac,
koraa ToT ke Linux momyuwmn xoporiee ocHarnenue i desktop
MPWIOXKCHUN, OH Hayal HCIOJB30BaThCI B OQucax, TIC BeCh
TIePCOHAT HE SIBJISICTCS axe npo¢eCCHOHATBLHBIMHU
MIPOrPaMMHUCTAMH.

O rocynapcrBeHHoii mosntuke noaaep:xxku CIIO

OpmanM U3 yHEKaIBHBIX npenmymectB CIIO sBisercs To, uro CIIO
OJIarOTBOPHO BNHSAET HAa MHOTHE MPOIECCH JKU3HU OOIIECTBa, W, B
4acTHOCTH, Ha HSKOHOMHKY. CIIO «xak OBl aBTOMaTHYECKH» CO3AET

YCIIOBUS COpPEBHOBATEJILHOCTH B MIPOMBIILITIEHHOCTH
WHPOPMALIMOHHBIX  TEXHONOTMH W SBISETCA  CPEACTBOM
MIPOTUBOCICTBUSA MOHOIIOJIU3ALIAH. Ilockonbky  pa3BuTHE

COpPEBHOBATEIFHOCTH B SKOHOMUKE, OUEBHUIHO, OTBEUaeT HHTepecam
Pa3BUTHsI COBPEMEHHOTO OOIECTBAa M HaIeH CTPaHbl, B YaCTHOCTH,
Hallle TOCyJapcTBO, KaK W MHOTHE Apyrue (B IEpBYIO ouepeib
eBponeiickue, Kopes wu Kwutail) pa3BepTHIBalOT HpOTpaMMBI
nopaepxxku CIIO. Takas mojnmepskka KpaiiHe BaKHa I pa3BUTHA
CIIO u UT wunpyctpuu B unenoMm. Kpymsele CIIO mnpoexTst
CTaHOBATCS ~ YCNCIIHBIMH TOJBKO TPH HAJIMYUM  BHEIIHEH
TIOJIJICPKKH, M, €CJIM HET MOAJEPKKH KOPIOPAIHH, POJIb TIABHOTO
CIIOHCOpa JJOJDKHO OpaTh Ha ce0sl rocyAapcTBo.

Bwmecre ¢ TeM, rocyaapcTBeHHas HOAAEPIKKA TPUBHOCUT OTPOMHBIE
pucku. B Poccun 3tu pucku ocobeHHO cepbes3Hbl. IIpu mMaccoBom
pa3zBepreiBanud WUT mpoekToB, KOTOpbIE IOJHOCTBIO AOTUPYIOTCS
rOCyJapCcTBOM, JIETKO OXHZaTh, dYTO OyIeT CHeNaHO MHOTO
Hu3kokadectBeHHOro [IIO. Takas omacHOCTh HMeeTcs IpH
WCTIONIL30BaHUM TI000W Mojenu paspabotku, kak CIIO, Tak u
nponpueraproii. Onnako B CIIO 3an0keH MeXaHH3M 00BEKTHBHOM
OLIEHKH KadecTBa pPabOTHl MPOrpaMMHUCTOB, KOTOPBIH OCOOECHHO
xopomo paboraeT B «oOIIECTBEHHBIX» NpoekTax. Kpurepuem
KayecTBa  SBISICTCS  NPHUHATHE  COOOIIECTBOM  Pa3pabOTKH,
BBINIOJTHEHHOHM ero ujeHaMH. B KpymHBIX HpoekTax cooOLiecTBa,
KaK MpaBWJIO, WHTEPHALUOHAIBHbBIE, COOTBETCTBEHHO, OLEHKU
c000111eCTBa BIOJHE OOBEKTHBHBI.

Eme OJTHO BaXHOE MIPEUMYIIECTBO, 00yCIIOBICHHOE
WHTepHAMOHATBLHBIM XapakTepoM CIIO cooliiecTB, COCTOUT B
oM, uTo B CI1O mpoexTe ydacTHHKH, KUBYIIUE B Pa3HBIX CTpaHaXx,
1 3a9acTyio paboTaromiye Ha pa3IudHble KOMIAHUN U OpraHU3alnHy,
XOpOIIO y3HAIOT Ipyr apyra. Kaxnmeri aktuBHbIN ydacTHHK CIIO
MpoeKTa padoTaeT He TOJBKO Ha IMPOEKT, OH paboTaeT Ha CBOIO
penyranmio. Xopomas pernyTanus (Kak B YacTH TEXHHYECKHX
3HaHUI ¥ YMEHMH, TaK U B OPraHU3AL[IOHHOM U KOMMYHHKAaTHBHOM
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miane) — 3To 3GPEKTUBHBI MHCTPYMEHT IS MMOCTPOCHMs OH3HeC-
KOHTAKTOB, OpraHH3allid HOBBIX COBMECTHBIX, B TOM YHCJIC H
KOMMEpYeCKUX TMpoekToB. Tem cambiM, mnomaepxkka CIIO
TOCYAapCTBOM  HENOCPEACTBEHHO  pabdoTaeT Ha  pa3BUTHE
BBICOKOTEXHOJIOTUYHOW c(ephl SKOHOMHKH M, B YaCTHOCTH, Ha
Pa3BUTHE YKCIIOPTHOTO MOTEHIIAATA CTPAHBI.

3aki0ueHnne

Vike ceiiuac MslI siBiisieMcs cBuaereasaMu toro, yro CIIO Beixomut
n3 (a3l OKCIEPUMEHTAJIbHBIX  IPOCKTOB,  Oa3HpyIOMHXCS
MIPENMYIICCTBEHHO Ha JHTY3Ma3M€ YyYacTHHUKOB, M TEPEXOAUT B
a3y 3penbIX MPOEKTOB, CO3MAIOIINX IOOPOTHBIC IPOTpaMMHEIC
MIPOAYKTHI M OIMPAIOIINECS Ha 3peJIble MPOLECCH UX Pa3padOoTKH.
Cetiyac CIIO Henb3st paccMaTpuBaTh TOJIBKO Kak eme oauH Buj 1O
WK NaXe Kak emie oaHy Moaenb paspadorku [10. CITIO 310 HOBBII
(eHOMEH, BIHUSHHE KOTOPOTO pPACIpOCTPAHICTCS HAa MHOTHE
CTOPOHBI 3KOHOMHKH, IOPUCIPYICHINH, 00pa3oBaHUA U ApYyrHue
COCTaBJISIIOLIME JKU3HM oOuiecTBa. TeM He MeHee, LEHTPaJIbHOE
MECTO B CIHCKE BO3MOXXHOCTeH, koTopoe mnpenocrasisier CIIO
o0mIecTBy, SBISICTCS TpHala TEXHOJIOTHH-OM3HEC-00pa3oBaHUEY.
CIIO, Onaromaps CcBOeH  OTKPBITOCTH ©  JOCTYITHOCTH,
MPEJOCTABIICT YHHUKAIBHBIE BO3MOXKHOCTH [UIA PAa3BUTHSA |
BHeApeHHs B JKU3Hb HOBBIX TexHonoruil. CIIO obecneumBaet
KOHKYPEHTHYI0, COPEBHOBATEIBHYIO Cpely, IOMICPKHUBAIOIIYIO
passutue 6usHeca. CIIO — yHUKaIbHAS BO3MOXHOCTD 10 00YUCHHUIO
mpoeCCHOHATIOB B MH(POPMAIMOHHBIX TEXHOJOTHUSX, BIIAJCIOIINX
CaMbIMHU TIEPEAOBBIMU METOJJAMU U UHCTPYMCHTAMU. HpI/I 3TOM BCE
TpU TNEPEUYHUCIICHHBIE BO3MOXHOCTH HHUCKOJIBKO HE IPOTUBOPEHYAT
Ipyr Jpyry, a, HaIpOTUB, JEMOHCTPUPYIOT CHHEPreTHUYECKUN
3¢ deKT, B3auMHO YCHIMBAs IPYT Ipyra.

[epeunciennsie COOOpaXKeHHUS MO3BOJSIIOT CKa3aTh, YTO ceifyac
CKJIaJIbIBA€TCsl HOBasi cucreMa B3auMmooTHoueHui mexay CIIO, c
OJIHOW CTOPOHBI, W TOCYJapCTBOM, OH3HECOM H JPYTUMH
00IIECTBEHHBIMI WHCTUTYTaMH, ¢ Jpyroi. ['ocymapctBo u OusHec
HE TOJBKO CTAaHOBSTCS mOTpedutenssmu pesynsratoB  CIIO-
MPOAYKTOB.  ODTH  OOIIECTBEHHBIC  HHCTUTYTHl  HAYHWHAIOT
paccmarpuBath CIIO Kak WHCTpYMEHT Ui pEIIeHUs CBOWX
cTpaTeruueckux 3anad. Ito eme oomnee ykperser nosumuu CI1O u
OTKPBIBAET HOBBLIC IEPCIICKTUBBI IEPET 06IJ_IeCTBOM.
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Yesterday - File Managers. Today - Web Browsers.
What will We Crown Tomorrow?

Vladimir L. Paviov
International Software and Productivity Engineering Institute

Abstract

15 years ago almost everyone was using file-managers (such as
Norton Commander). The time has changed - today we spend the
most of our time with web-browsers. This will not last forever - get
prepared to the upcoming global climate change in the software
world...

Bio: Vladimir L. Pavlov is the chairman
and chief strategy officer of the
International Software and Productivity
Engineering Institute (INTSPEI). He
founded INTSPEI (www.intspei.com) to
launch  new  software development
methodologies  resulting  from  his
experiments and research.

A leading expert in software development, Vladimir has previously
served as director and/or CTO for top high-tech companies,
including Intel and Microsoft, in the US, Ukraine, Russia, and
Poland.

A frequent speaker at scientific and industrial conferences, he has
authored major publications on computer science and software
engineering. For more information about the International Software
and Productivity Engineering Institute, visit www.intspei.com .

For more information about Vladimir L. Pavlov, visit
www.vlpavlov.com
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Buepa - ¢aiisioBbie MeHemkepbl. Ceroans - Beo-
opoy3sepbl. UTo xaeT Hac 3aBTpa’?

Baagumup JI. Ilasiios
Mezxxnynapoausiii HUU IIpoGiaem nporpaMMupoBaHUSA
INTSPEI

Te3ucol

Bcero 15 ner Hasag moutH KaxKAblid MOJIB30BaTENb KOMIIBIOTEpA
MIOCTOSTHHO paboTall ¢ KaKUM-TO W3 (hailJIOBEIX MEHEIKEpOB
(manpumep, Norton Commander). Ceroass BpeMeHa OMEHSUIIUCH, U
co(TBEpHBIM MHPOM CTaJIK PaBUThH BeO-Opoy3epsl. Hamonro nu?

Bbuorpadus: Bragumup JI. [1aBnoB - MeXyHapOIHO-IIPU3HAHHBIN
9KCIepT B oOyacT ympasieHus paspaborkoit [10, umerommuii 3a
Ijie4aMu IOYTM JBa JeciTKa JIeT OIbITa B CO3LAHUM H
JKCIUIyaTallud KOMIUIEKCHBIX NPOIrPAMMHBIX pelleHUN. B naHHbII
MOMeHT Biagumup siBisercst nupexkropom MexayHapoanoro HUN
npo6iiem mporpammupoBanus INTSPEI (www.intspei.com).

PaboTass TEXHUYECKAM THPEKTOPOM B psiie KPYIHBIX CO(TBEPHBIX
komnanuii (Bkmouast Intel, Microsoft, u apyrue), Buagumup
YCIIENTHO HHUIIAAPOBAIT u PYKOBOIHIT peanusanueit
MHHOBAIMOHHEIX R&D TpOEKTOB, BHITIONHSBIINXCS IO 3aKasy
KPYIHBIX MEXIYHAPOIHBIX KOPIIOPAIHA BEICOKOTEXHOJIOIHIECKOTO
cexropa B [Tonsme, Poccun, Yxpaune u CIIA.

Brnagumup JI. IlaBjioB SIBJISETCS aBTOPOM/COABTOPOM OOJIBIIIOTO
KOJIMUeCTBa MyOJIMKaLUi B 00JacTH MHPOPMATHKK U POTPaMMHON
WH)XEHEPHH W YacTO IPUTJIAIIACTCsA C BBICTYIUICHUSMH 110 JaHHOU
TEMaTHKE Ha HayYHBIE ¥ HHAYCTPHAIbHBIE KOH(EPEHIIHH.
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SDLC Fine-Tuning

Optimize Your Software Development Life Cycle!

This specialized consulting service is intended to help
software companies:
- Improve their efficiency;
- Enable engineers to
, eliminate bugs early;
“{  +Shorten overall
development time;
- Improve software quality.

Our SDLC Fine-Tuning Service Includes
Three Major Phases:

- Identify bottlenecks in the software development
process currently being used;

- Design and implement process improvements
addressing identified issues;

- Teach software engineers how to effectively implement
and use these process changes.

Please write us at info@intspei.com
to request the service or to learn more
about INTSPEI solutions.

/‘;" International Software and Productivity Engineering Institute
‘\"’/—‘— 1979 Marcus Avenue, Suite 210, Lake Success, NY 11042, USA
Call: +1-877-INTSPEI (+1-877-468-7734)
S P E Visit: www.intspei.com




Parallel Programming 2.0

Wei Li
Intel

Abstract

Multi-core has replaced GHz as the driver of performance and it
presents software developers with a new challenge: programming
for concurrency. Parallel programming in the mainstream has
different characteristics than in the previous era when it was
restricted to high performance computing. This presentation will
cover this new paradigm, its challenges, and software products
being developed by Intel.

Bio: Wei Li is an Intel Sr. Principal
Engineer and Director of Emerging
Products Lab in Intel’s Software and
Solutions Group. He is responsible for
developing software products in the areas
of threading tool, binary translation, and
compiler. He manages software teams
across US, Russia and China. In his 10
years at Intel, he won 2 Intel Achievement
Awards for developing innovative compiler technologies and
achieving performance leadership on Intel Architectures. He worked
extensively with ISV's, OEM’s, and major Intel customers to enable
the sales of Intel hardware platforms and software tools. He received
a Ph.D. in computer science from Cornell University, and taught
graduate compiler courses at Stanford University and the University
of Rochester. He is an Associate Editor of ACM Transactions on
Programming Languages and Systems (TOPLAS).
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ITapajuiensHoe nporpammuposanue 2.0

Boii JIn
Intel

Te3ucobl

MHoOrosiiepHOCTh ~ 3aMEHHJIa ~ TUra-repisl  Kak  JBHUraTelb
MPOU3BOJUTENILHOCTH U TENmepb  CTAaBUT  HOBYIO  3ajady
pa3paboTuanKam: TIPOTPaMMHUpPOBaHHE TS TapajuIeTbHBIX
mporieccoB. [lapajurenbHOE TIPOTpaMMHPOBAHHE B HACTOSAIIEM
MTOHUMaHUA UMEET XapaKTePUCTUKU OTIIMIHBIEC OT TeX, KOTOPBIE OHO
HMEII0 B TIPOILION 3pe, OTpaHNYCHHOE BBICOKOIPOH3BOIUTCIHHEIMH
BEIUMCIICHISIMHA. JTa MPE3CHTAIN PacCKakeT O HOBOM mapaaurme
MHOTOSJICPHBIX BBIYUCIICHUH, €¢ MpodjeMax W O TPOAYKTaX,
paspabateiBaeMsbix Intel mst passurus maoronorounoro I10.

Buorpagusi: Boii  Jlu  sBiusercs  BeLyIMM — MHMKEHEPOM
nojapasaenenus Software and Solutions Group kommanuu Intel u
aupekropom Emerging Products Lab. Ou ortBeuaer 3a pa3paboTky
NPOrPaMMHBIX NPOIYKTOB B TaKHX HAIPABJICHHUAX KaK: peasH3alius
MHOTONOTOYHOCTH, OWHApHBIE TPAHCIATOPBHI M KOMITHIATOPEL. [lox
ero pyKOBOACTBOM paboTaloT KoMaHabl paspaborunkoB B CIIIA,
Poccun, Kutae. 3a 10 netr pabotsr B Intel, Baii JIu Obu1 Harpaxiex
JBYMsI MPEMHSIMH: 3a pa3paboTky WHHOBAIIMOHHBIX
KOMITWJISIIUOHHBIX TEXHOJIOTMA M 32 JOCTHIKEHHE JIUJIepCTBa
apxutekTypbl komranuu Intel 8 o6mactu npoussogurensHocT. OH
MHOro pabortam ¢  He3aBUCMMBIMH  noctaBiimkamu  [10O,
MPOMU3BOJUTENISIMU KOMIUIEKCHOTO OOOpY/ZOBaHUsI M KPYIHBIMH
kieHTaMu Intel, 9ToOBI 3amyCTUTE MpOJaKH amnmapaTHBIX CPEICTB
u nporpammuoro obecniedenus Intel. Boit Jlu momy4mn cremeHsp
Ph.D. B o6mnactu KOMIIBIOTEPHBIX Hayk B KopHemickom
YHUBEPCHUTETE, W MPENOoAaBal Kypchl II0 KOMITWISTOpaM B
Craondopackom u  Pouecrepckom yHuMBepcuTeTax. Tarkke OH
SIBJISCTCS] TOMOIIHUKOM pejakTopa xypHana ACM Transactions on
Programming Languages and Systems (TOPLAS).
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Adobe Rich Internet Application Platform

Enrique Duvos
Adobe Systems
Senior Platform Evangelist
email: duvos@adobe.com
Abstract
Adobe® Flex® Builder™ 3 Standard software is an Eclipse™ based
development tool enabling intelligent coding; interactive step-
through debugging; and visual design of user interface layout,
appearance, and behavior of RIAs. The ability to import assets from
Adobe Creative Suite® 3 makes it easy for designers and developers
to work together.

e Adobe Flex applications can provide a highly interactive
experience, seamlessly supporting the use of integrated
media.

e Flex applications run identically in all major browsers and
operating systems and can now run on the desktop with
Adobe AIR™,

Flex provides a structured, proven, open-source development
framework for the delivery of predictable, long-term RIA solutions,
making Flex the preferred choice for web sites as well as intranet
and enterprise applications.

Bio: Enrique Duvos is a Senior Platform
Evangelist for Adobe in Europe. His role is
to help customers, partners and developers
across Europe understand and adopt the
benefits and characteristics of some of the
Adobe core platform technologies, such as
Adobe Flash, PDF, AIR, Flex and
LiveCycle ES. Prior to the Adobe merger
he was part of the Macromedia technical sales team specialized in
the company's enterprise portfolio of technologies.

With a major in Computer Science and a Master’s in
distributed applications, his background includes more than ten
years in the Software industry, five of them in R&D as Senior
Software Architect designing and developing J2EE enterprise
solutions for Macromedia US.
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ITnardopma Adobe Rich Internet Application
Jupuke yBoc

Te3ucol

Adobe Flex Builder 3 Standard - sto BbIcOKO3(hdekTHBHAs cpera
paspaboTkn Ha Oasze Eclipse, koropas mo3BoisleT CcO3aBarTh,
OTJIAXUBATh M IIOJJEPKUBATH HACBHIICHHBIE BEO-PHIOKEHHUS.
Bo3moxuocTh mepeHocuts ganubie u3 Adobe Creative Suite 3
HO3BOJSIET JM3aiiHepaM ¥ pa3paboTdukaMm Ierko u 3GQeKTUBHO
paborarb BMecTe.

e Tlpunoxenus Adobe Flex moryr mpemoctaBuTh GOTaThHIMH
MHTEPAKTUBHBIH OIIBIT, MOAASP)KHBAIOIINI HCIIOIB30BaHNC
BCTPOCHHBIX JaHHBIX.

e Illpmwroxennst Flex coBmecTuMBIX €O Bcemu Hamboiee
pacpoCTpaHeHHBIME ~ 0003peBaressiMu, — UIATGOpMaMu
NIEPCOHAJIBHBIX KOMIBIOTEPOB U BEPCHUAMU OINCPAIMOHHBIX
CHCTEM, YTO focturaercs ¢ nomoisio Adobe AIR.

Flex npemocraBisier CTPYKTYpHUPOBAaHHYIO Cpeay pa3paboTKH C
OTKPBITBIM KOoaomMm AJIsL CO31aHuA MpEACKa3yEeMbIX u
JIONITOBPEMEHHBIX HACBHINIECHHBIX BeO-npuiiokeHuit, nenas Flex
HauboJiee MPeANOYTUTEIbHBIM HHCTPYMEHTOM JUISl CO3IaHUsI BeO-
CaliTOB M KOPIIOPATUBHBIX PEIICHHU.

Bbuorpadusi: OHpuke JlyBoc SBISETCS BEAYIIMM CIELHMATUCTOM
komnannu Adobe B Eppone. Ero 3agaya momoraTh 3aka3dyuKam,
nmapTHepaM W paspaborumkam 1o Bceld EBpome mnoHmmars u
HCIIONB30BaTh HEKOTOPBIX OCHOBHBIX miaTdgopm Adobe, Takux Kak
Adobe Flash, PDF, AIR, Flex u LiveCycle ES. Ilepen paboroii B
Adobe Dupuke paboran B kommanun Macromedia, B ormene
TEXHUYECKHUX TPOJaX, CIEIHATU3UPYIONIEMCS Ha KOPIOPaTHBHBIX
peLIeHUsX.

Kpome orpomHOro omsita B KOMIIBIOTEPHBIX HAyKaX M CTEICHH
MarucTpa B O0JacTH pacliepe/iesIeHHbIX TNPHIIOKEHUH, ODHpHKe
nmeer Ooiiee JIECATH JIET NPAKTHYECKOI'O OIbITa B MPOTrpaMMHON
uHAyCcTpuH. OKOJIO MATH JIET DHPUKE HOCBATHI paboTe B KOMITAHHHT
Macromedia US, r1me B KadecTBe BEAYIIETO apXUTEKTOpa
paspabartbeIBa KopriopaTuBHbIe pemeHus Ha 6a3e J2EE.
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Microsoft Security Development Lifecycle (SDL):
What, Why and How

lvan Medvedev
Microsoft

Abstract

The Microsoft Security Development Lifecycle is the industry
leading software security assurance process. Since 2004 the SDL
has been a mandatory policy within Microsoft and has proven to be
an effective tool in embedding security and privacy into Microsoft
software and culture. Given by a member of the team that helped

make the SDL a reality, the talk will cover "the what", "the why"
and "the how" of the Security Development Lifecycle.

Bio: Ivan Medvedev graduated from the
Moscow State University and since 1999
has been working on various security
technologies at Microsoft. Ivan has been a
part of the group that is home to the SDL,
MSRC and Secure Windows Initiative for
four and a half years and currently leads a
team of developers building internal
security tools that help support the SDL process within the
company.
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Microsoft Security Development Lifecycle (SDL):
4TO0, KaK ! II0YEeMYy

HNBan MenBenen
Microsoft

Te3ucobl

Microsoft Security Development Lifecycle (SDL) saBnsercs
WHIYCTPUATIBHBIM JIMACPOM CPEIN BCEX CPEACTB OOECIICUCHHMS
6e3omacHoctn mporeccoB cozmammsa 110. C 2004 roma SDL
SIBJISIETCST 00sI3aTeNIbHBIM JUIS MCIOJIB30BaHUsL BHYTpH Microsoft, u
3apekoMeHIoBall ceOsi Kak 3((EKTHBHOE CPEACTBO OPraHUYHOM
WHTErpallid  MEXaHM3MOB  oOecreueHHs  0O€30IaCHOCTH B
TIOBCCAHEBHBIC TMPONU3BOJACTBCHHBIC IIPOLECCHI. HaHHbeI JOKJ1aq
MIPEACTAaBUT “B3rysz H3HYTpH” KOMaHJIbl, KOoTopas
HEMOCPEACTBEHHO co3maBana SDL, W OTBETHT Ha OCHOBHBIE
BOIIPOCHI, KOTOPBIC OOBIYHO 334AI0T 00 3TOM MPOAYKTE.

Buorpadus: MBan Mensenes okonunn MI'Y B 1999, u ¢ tex nop
paboraer Pagmonne Haj pasnnuHbIME IpoaykramMu Microsoft B
obnactu 6e3onacHocTH. MiBaH paboTtai Haj TaKMM IPOEKTaMH, KaK
SDL, MSRC u Secure Windows Initiative, ¥ B JaHHBI MOMEHT
BO3IJIABJISIET IPYIINY pa3pabOTUNKOB, OTBETCTBEHHYIO 32 CO3/1aHHE
MHCTPYMEHTOB oOecrieueHHs 6e3011acHOCTH
BHYTPUKOPIIOPATHBHOT'O NTPOIlecca NOATOTOBKU M BBIITYCKa HOBBIX
npoaykroB Microsoft.
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Mediawiki: Silver bullet or Suisse knife?

Stas Fomin
Customized InformSystems Ltd.

Abstract

General-purpose Wiki systems are successfully used in last years for
documenting and knowledge management in software companies.
Though initially these systems were designed to aggregate
knowledge in open communities, now Wiki systems often replace
"stereotype" document management systems and software
documenting technologies.

We will discuss some reasons for this situation and point out some
problems that limit application scope of Wikis. Wiki is not a "silver
bullet” but we can outline application domains where Wiki may be
effectively used.

Then, we will consider how to choose Wiki system in order to build
an internal corporate knowledge base, keep and maintain
documentation and communicate with customers. MediaWiki is an
optimal choice for this purpose in our opinion, since it has a vast
community of users and developers and a wealth of experience.
Open architecture makes it possible to extend easily any
functionality of MediaWiki and to "downsize" possible
inconviniencies.

Finally, we will offer solutions for the most acute problems of
""corporate wikiing".

Bio: Stas Fomin is a deputy of Director of
Information Technology department in
Custom InformSystems company. He
joined this company in 1999 accomplishing
the dozens of successful projects on the
development and implementation of
information systems. Stas is exploring the
promising systems, frameworks, and
standards implementing effective tools and methodology of
software development in his company.

Also Stas Fomin teaches algorithms and complexity theory at
Moscow Institute of Physics and Technology (MIPT) and at the
Institute for System Programming (ISP RAS). Stas is a co-author of
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the book «Efficient algorithms and computational complexity», the
author of big amount of scientific and engineering articles.

Prior joining Custom InformSystems Stas Fomin works as a
developer of information systems for Server company. Stas Fomin
graduated the Applied Mathematics faculty at Moscow Institute of
Physics and Technology (MIPT) with honors in 1999.
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Mediawiki: CepeOpsiHHasi MyJisi HUIM IIBeHIIAPCKUIT
HOXK?

Crac ®omun
Customized InformSystems Ltd.

Te3ucobl

Ceifyac BUKH-CHCTEMBI aKTHBHO HCIIOJIB3YIOTCS HE TOJIBKO
OTKPBITBIMU COOOIIIECTBAMH, HO 1 KOMITAaHUAMH-Pa3pabOTINKaMU
JUIS HallMCaHUA JOKYMEHTAIUU U BHYTPUKOPIOPATUBHOIO
ynpasyeHus 3HaHuAMU. [Ipy 3TOM BUKH-CHCTEMBI BBITECHSIOT
«KIJITACCUYECKHE» CUCTEMBI TOKYMEHTOO00POTa U TEXHOJIOT U
JOKYMEHTHUPOBaHMs. MBI paCCMOTPUM NPUYHHBI 3TOTO U
0003HA4YNM I'paHUIIBI TPIMEHUMOCTH, YKa3aB TakKe Ha MUHYCBHI
BUK, U3-32 KOTOPBIX OHU TaK M HE CTAIH «CEPEOPSIHHOH ITyTei».

3areM Mbl paCCMOTPUM BBIOOP BHYTPHUKOPIIOPATUBHOMN BUKH-
cucTeMbl, T1e Mbl pekoMeHayeM MediaWiki, IMEroIy o orpoMHbIi
OTIBIT MCIIOJIE30BAaHUS U 10PabOTOK, OTKPBITas apXUTEKTypa
KOTOPOH TI03BOJISIET, KaK JIETKO PACIIUPSTh BOSMOXKHOCTH, TaK U
«Cpe3aTh» HeYIOOHBIC YIIIBI B UCIIONB30BAHUH.

B KOHIIC MbI IPCJIOKUM PCIICHUA Hanbolee OCTPBIX HpO6.]'I€M B
HCIIOJIb30BAHUH BUKH-CHUCTCM.

Buorpadgus: Crac ®oMUH 3aHUMAET TOJDKHOCTD 3aMIUPEKTOPA IO
nH(pOpPMAMOHHBIM TEXHOJIOTHSIM B KOMITAHHH «3aKa3HbIe
HNudpopmCucremsr». B 310# koOMmanuu oH padotaet ¢ 1999 rona,
BBITIOJIHUB JIECATKHU YCIEUTHBIX IPOEKTOB IO pa3paboTke u
BHeJIpeHHI0 HH(DOPMALIMOHHBIX cucTeM. B nocnennue rogasr Crac
HCCIIeyeT NePCIEeKTHBHBIE CUCTEMBI, apXUTEKTYPHI, ppeiiMBOpKH 1
CTaHJAPTHI, BHEIPSI B KOMITAHUH (D (EKTUBHBIE HHCTPYMEHTHI H
MeTtoosoruu paspadorku [10.

Takxe Crac @oMUH NpenoAaeT cTyIeHTaM KypChl 110 allrOpUTMaM
1 TEOPUH CIOKHOCTH B MOCKOBCKOM (DH3UKO-TEXHUIECKOM
nHctutyTe (MO THN) 1 UHCTHTYTe CHCTEMHOTO
IIporpammuposanus (MCIT PAH). Ctac — coaBTop KHUTH
«3heKTUBHBIC aITOPUTMBI U CIIOKHOCTb BEIYMCIICHUI», aBTOP
HAy4YHBIX U UHXXEHEPHBIX CTATEH.

B 1995-1999 ronax Crac ®omuH ObLT pa3paboTINKOM
nH(OPMAMOHHBIX CHCTEM B KoMmaHUH «CepBepy.
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Crac ®omuH 3akoHIII B 1999 roay ¢ oTiimunem GakynbTeT
yIpaBJeHus U npukiagHoii maremaruku (@ YIIM) MockoBckoro
(PU3UKO-TEXHMYECKOTO MHCTHUTYTA.
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Reduce Project risk through early defect detection

Andreas Golze
HP

Abstract

1. Software defects are one of the biggest concerns for most
companies who are using software as the backbone for their day to
day operations.

2. Professional testing starting during the early design phase
represents one of the biggest cost savings potentials for most
organizations.

3. IT Governance driven through standardized quality assurance
processes can be used a foundation to drive improvements of the
software lifecycle.

Bio: Andreas Golze, Global Practice
Director in the Professional Services
department at HP (formerly Mercury), is an
expert with many years™ experience in the
IT industry. He is one of the founders of the
HP Software Quality Model, which is now
the standard for many large-scale enterprise
organizations around the globe. Before his
move to HP, Andreas served as the Senior
Executive at the TestLab Business Unit of SQS AG, having earlier
crafted and built up this unit in the role of Department Manager. He
was also responsible for developing and expanding partner business.
Andreas Golze studied computer science and minored in business
studies at the University of the Armed Forces in Munich. His career
began with a position as a programming officer at NATO in
Belgium. Today, Mr. Golze lives in Cologne, Germany with his
wife, Petra and their four children.
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CoxpalueHue NPOEKTHBIX PUCKOB NOCPeACTBOM
paHHero o0Hapy:keHus 1edeKTOB

Anpapeac I'oabne
HP

Te3ucol

1. dedekTs! mporpaMMHOTO 00ECTIEUeHHS - OHA U3 CAMBIX
60JBIIMX TIPOOJIEM B OOJIBIIMHCTBE KOMIIAHUH, HCIIOJIb30BaHUE
IIPOrpaMMHOT0 0becrieueHHs B KOTOPBIX SIBJISAETCS OCHOBOW IS U
TOBCCAHEBHLBIX ONI€paliuu.

2. [IpodeccronanpHOE TECTHPOBaHNE, HAYMHAIOIIEECS BO BpEMS
paHHE# (a3bl IPOEKTa, IMPEICTABISIET OJUH M3 CAMBIX OOJBIINX
TIOTCHIIMAJIOB CHUIKCHUA U3JACPIKCK I OOJIBIIIMHCTBA
OpraHu3aluil.

3. CtaHaapTH30BaHHBINA IPOLIECC YIPABICHUSA KaueCTBA MOYKET

X

HCIOJIB30BATHCA KaK OCHOBA AJIs1 COBCPIICHCTBOBAHUA ) KU3HCHHOT' O

mukna I10.

Buorpadus: Aaapeac ['onblie, 1upekTop ri106aabHON NPaKTHKH
JenaprameHTa npodeccruoHanbHbIX cepBucoB HP, sxcniept B UT-
MHIYCTPUH C MHOTOJIETHUM ONBITOM. AHapeac ["onblie - o1uH U3
OCHOBaTeJe MoJIeNIn KauecTBa NporpaMMHbIX npoayktos HP,
KOTOpas ABJSETCS CTAHAAPTOM LIS KPYITHOMACIITaOHBIX

npeanpusaTHii no Bcemy mupy. o cBoero npuxona B HP, Aunpeac

OBLT PYKOBOJMTENIEM TECTOBBIX JT1aboparopuii B SQS AG, Takxke
OTBEYAJI 32 PA3BUTHE MAPTHEPCKUX OTHOIICHHIA.

IToMrMO OCHOBHOTO M3y4eHHS HH(POPMAITMOHHBIX TEXHOJIOTHHA
Amnnpeac noixyuwst 6uzHec 00pa3oBaHe B YHUBEPCUTETE

BOOPYKCHHBIX CUJI B MIoHXEHE U Hadyaj CBOIO Kapbepy B BGJ'II)FI/II/I, B

nomxHocTh iporpammucta B HATO. Ceiiwac Auapeac ['onbiie
»kuBeT B ['epmanuy, B 1. KenbHe co cBoeil xenoi Iletpoit u
YEeTHIPHMS IETHMH.
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CMMI® for Acquisition: new model - for whom and
why?

Alexander Kondakov
“Inspirex Consulting” Consultant, Partner
SEI Authorized Instructor
Candidate SCAMPISM Lead Appraiser
email: alexander@kondakov.ru

Abstract

The most habitual for the IT industry is the perception of model
CMMI® as a set of the practices, recommended for application only
in development of the software and systems. Model CMMI®
initially included also some recommendations (in form pf practices)
related to management of suppliers and subcontractors. For the
organizations where acquisition of services and the products
prevails, such practices were not sufficient for the organization of
processes. That’s why "appendices" to the base model earlier were
issued, with practices adaptation for such organizations. According
to the concept developed at the moment of issuing of version 1.2 of
model CMMI®, practices related to management of acquisition of
products and services in the expanded variant have been placed in
the separate model which has received name CMMI® for
Acquisition (in abbreviated form CMMI-ACQ), officially published
in November, 2007 (see [1]). In the proposed presentation the
following themes will be covered:

e «target audience» of CMMI-ACQ model;

* linkage between CMMI-ACQ model and earlier
published CMMI for Development (CMMI-DEV)
model;

» differences between CMMI-ACQ u CMMI-DEV

models;

features of CMMI-ACQ model;

* commonalities of appraisal methods for CMMI-
ACQ u CMMI-DEV model;

* sources of additional information about CMMI-
ACQ model.

Keywords: CMMI model; CMMI-ACQ; CMMI models.
References:

[1] CMMI for Acquisition, Version 1.2, CMU/SEI-2007-TR-017,
CMMI Product Team
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CMMI® for Acquisition: HoBast MoJIeJIb - 1JIS1 KOTO U
3auem?

Anexcanap Konnakos
“Inspirex Consulting” Koncynbrant, [lapTHep
SEI Authorized Instructor
Candidate SCAMPISM Lead Appraiser
email: alexander@kondakov.ru

Te3ucobl

Hanbomnee mnpuBBIYHBIM [UIi HHIYCTPHH WH(POPMAINOHHBIX
TexHoJoruil sBisiercs Bocrpusitue mMopenn CMMI® B kauectBe
Habopa NpaKTHK, PEKOMEHIYEMBIX K NPHUMEHEHHIO TOJIBKO IpU
pa3paboTke mHporpaMMHOro obOecnedeHuss M cucteM. I[lpu 3TOM
Mozenb CMMI® u3HayanbHO BKIIOYANa U HEKOTOPBIE MPAaKTUKH,
CBSI3aHHBIC C YIPaBJICHHEM B3aUMOJCICTBHEM C IIOCTaBIIUKAMHU U
cyononpsanuukamu. s opraHu3anuii, B IESITEIBHOCTH KOTOPBIX
npeobiagaeT NpHOOpeTeHHEe YCIyr W MPOAYKTOB, YKa3aHHBIX
MPaKTHK HE XBaTajo Ul OpraHU3aluK IpoLeccoB. B cBs3u ¢ aTUM
paHee BBIIYCKAJIWCh «IPWIOXKEHWs» K 0a30Bod  Mojend,
aJanTUPYIOIIKE BCE MPAKTUKU JJI TaKOTO poja opranuzauuid. B
COOTBETCTBUH C KOHIENIHEH, pa3paboTaHHOIN MU BBIXOJE BEPCHH
1.2 wmomemu CMMI®, mnpakTHKH, CBS3aHHBIC YIIPaBICHHEM
pUOOpETEeHH IPOYKTOB M YCIYT B PACIIMPEHHOM BapHaHTE ObLIH
BBIHECEHBI B OT/ACIBHYIO MOJEb, MOIy4nBIIy0 HazBaHne CMMI®
for  Acquisition (coxpamenno CMMI-ACQ), odunmansHo
omybnukoBaHHyI0 B HOsi6pe 2007 roga (cm. [1]). B mpemnaraemom
JIOKJ1azie OyIyT pacCMOTPEHBI CIICAYIOIIUE TEMBI:

* «ueneBas ayauropus» Monenmn CMMI-ACQ;

e cBa3p wmogenu CMMI-ACQ u panee Bblmieamiei
moxenu CMMI for Development (CMMI-DEV);

* pazmuns mogeneit CMMI-ACQ u CMMI-DEV;

* ocobennoctu monenu CMMI-ACQ;

* OOLIHOCTh METOJOB OIICHUBAHUII OTHOCHTENHHO
mozeneit CMMI-ACQ u CMMI-DEV;

* JCTOYHHUKH JIONOJIHUTENBbHOW HHGpOpPMAIKH O

mozenu CMMI-ACQ.
Keywords: CMMI model; CMMI-ACQ; CMMI models.
CchlIKH:

[1] CMMI for Acquisition, Version 1.2, CMU/SEI-2007-TR-017,
CMMI Product Team
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Pitfalls in C#

Gaidar Magdanurov
Microsoft

Abstract

Have you ever spent a sleepless nights debugging you application
code and met unexpected behavior of C# code or standard libraries?

Some details on common “pitfalls* developers frequently fell into
are covered in this session. Real code samples in C# are used to
demonstrate program execution results unexpected by most of
developers. Each problem is covered in full details on behavior and
some general ideas may be applicable to programming languages
other than C#.

The primary goal of the session if to tease developers to apply out-
of-box thinking to C# language.
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IloaBoannie kamuu C#

I'aiinap Marnanypos
Microsoft

Te3ucol

ITpuxoaunock 11 BaM MPOBOANTH OECCOHHBIE HOYM B TTOUCKE
OIIMOOK B BAIIMX MPOTPaMMaXx, CBI3aHHBIX C HEOXKHIAHHBIM
noBeieHreM C# Koa WM CTaHAapTHBIX OnOIHoTeK?

B nokmnane paccka3bpIBaeTCsl 0 HEKOTOPBIX «UEPHBIX JIBIpax», B
KOTOpBIE YacTO MOMaJaoT pa3paboTurku. [IpobaemMsl, ¢ KOTOPHIMH
pa3paboTYNKN HE TUIAHUPYIOT CTAIKUBATHCS NIPH BHIIOIHECHUN
TIPWIIOKEHUH, AEMOHCTPUPYIOTCS Ha PacTIpOCTPAHEHHBIX MPUMEPAx
HCXOJHBIX K0JI0B . Kaxkmas mpobiema fgeTanbHO paccMaTpuBaeTcs B
MpU3MEe MOBEACHUS NPUITIOKCHUA, BEADL B OOJIBIINHCTBE CcJIyyacB
AHAJIOTUYHOC PCUICHUC MOXKET OBITh MIPUMEHCHO ITPU HAITMCAHUU
KOJa Ha APYTHUX A3bIKaxX MpOrpaMMHUPOBaHMS.

HCHB JAOKJIaa — NpeAJIOXKUTh pa3pa60Tqm<aM MNO-HOBOMY

B3TJISTHYTH Ha MPHUBBIYHEIC CPEJCTBA SI3bIKA U BO3MOKHOCTH
CTaHJAapTHBIX OUOIHOTEK.
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F#: Multiparadigm Programming at Industrial Scale

Dmitry Soshnikov, Academic Developer Evangelist
Microsoft Russia
email: dmitryso@microsoft.com

Abstract

For many years, imperative programming has been the dominating
paradigm in the industrial software development. Other paradigms,
including functional and logic programming, have been used
primarily by computer scientists in their research projects, but for
some reason have not been adopted by the industry.

Things are beginning to change now, as more and more
multiparadigm features are being introduced into mainstream
programming languages. Speaking of .NET family of languages,
functional features have been introduced into C# 3.0, including
lambda-expressions, type inference, closures and LINQ data access
mechanism, which allows us to argue that C# is becoming a
multiparadigm language. However, it still remains primarily an
imperative language, lacking the concise syntax that is typical for
functional languages, and not enforcing such features as data
immutability, etc.

The reason other programming paradigms are becoming
increasingly important in modern software development is the
increasing complexity of applications, including applications for
multicore/manycore systems. Paradigms that employ immutable
data structures allow for inherently parallel algorithms, thus greatly
simplifying the job of creating multi-threaded applications for
parallel computations. In addition, functional paradigm allows for
more flexible functional abstraction techniques, provides more
error-free code that require less debugging, and yields more compact
code.

Taking the increasing importance of functional programming
languages into account, Microsoft has plans to introduce a
functional programming language, F#, into the next version of
Visual Studio. F# is in fact a multiparadigm language, with some
imperative features like mutable structures and loops, but primarily
a functional one, derived from OCaml and ML family. It is fully
interoperable with .NET framework, strongly statically typed
language, having very concise syntax due to type inference. With
those features, F# is becoming an attractive option for both

83


mailto:dmitryso@microsoft.com

educational and research scenarios, as well as for more industrial
applications and as high-level scripting language.

This presentation introduces the F# language, demonstrates some
examples of using the language together with .NET framework, and
discusses usage of functional programming in some industrial
contexts, as well as some software engineering aspects of using
functional languages in real-life projects.

Keywords: functional programming, F#, multiparadigm languages.
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F#: MyabTunapagurmaiabHoe NIPOrpaMMHpPOBaHKe B
HHAYCTPHAJIBHOM MaciTade

ComrnukoB JImutpuii BajnepreBuy
K.().-M.H., JOLEHT
AenapTaMeHT cTpaTern4ecKuX TexHoJioruii, Maiikpocodr
Poccus
email: dmitryso@microsoft.com

Te3ucobl

MHorue TOIBl OMHHHPYIOIIEH IapagurMOM TpPH CO3JaHUHU
MPOMBILICHHBIX ~[POTPAMMHBIX CHCTEM OBUIO HMIIEPaTHBHOE
IporpaMMupoBaHue. [[pyrue mapaaurmsl, Takue, Kak JJOTHUECKOE U
(GyHKIMOHAIBEHOE IIpOTpaMMHPOBaHHE, B OCHOBHOM
HCIIOJNIb30BAINCH B MCCIIEIOBATENILCKUX MPOEKTaX U 00y4YeHUH, a B
HHIIyCTPUAJIBHOM MacliiTabe — cKkopee B BUJIE HCKITIOYCHUSL.

B HacTosmee BpeMs CHTyalds HauyMHaeT MEHAThCA, MU B
WHIYCTPUATBHBIX SA3bIKaX IPOrPaMMHUPOBAHMS TIOSBIISIETCS BCE
OonpIle  MYNBTHNAPAAWTMAIBHBIX  3JIEMEHTOB. PaccmarpuBas
cemeiicTBO s3bp1kOB Ha Turatpopme .NET MOXHO 3aMeTHTB, YTO B
si3pike C# 3.0 OSBHIIOCH MHOYKECTBO (DYHKIIOHAIBHBIX SJI€MEHTOB,
TaKuX, KakK JIMOJa-BBIDAKCHUS, BBIBOA THIOB, 3aMbIKaHUS U
BCTPOCHHBIH s13bIK 3ampocoB LINQ. DT1o mo3Bomser npuauciuts CH#
K MYJIbTUIIAPAAUTMAJIBHBIM S3bIKAaM HPOTPAMMHUPOBAHMA, XOTS B
OoJpllieil CTENEHM OH OCTaeTCsl HMMIIEPATUBHBIM  OOBEKTHO-
OpUEHTHPOBAHHBIM  SI3BIKOM, HE TMPEIOCTaBIsAsl JOCTAaTOYHOE
KOJIMYECTBO CTUMYJIOB JUJIsl HalUcaHHs KoJa B (DYHKIMOHAIbHOM
cTiiie (HeM3MeHseMble JaHHbIE, TAKOHWYHBIM CHHTAKCUC | T.J.).
IIpyunHONl  BO3poOCuIEr0 HMHTEpeca K JIpYrUM — IapajurMam
NPOrpaMMHpPOBaHUsl B OOJIACTH  MHIYCTPHM  IIPOTPaMMHOTO
obecrieueHHs SBJIAETCS BO3PACTAIONIAS CIOXXHOCTh NPHIIOKEHHH, B
TOM YHCJI€ MHOIOMOTOYHBIX HPUIOKEHUN [JIi MHOTOSJIEPHBIX
IIPOLIECCOPOB. OYHKIUOHAIBHOE IpOrpaMMHpPOBaHUE c
HEM3MEHIEMBIMH CTPYKTYypaMHy JQHHBIX TPeOyeT OT MpOrpaMMHCTa
COOTBETCTBYIOIIETO TOAXOJa K PEIISHHIO 3a/ad, IMO3BOJISIONIETO
MPO3BOJUTEL OoJiee 3P (PEKTUBHOE pachapalieIMBaHue aTOpUTMa,
yopomiasi TeM caMbBIM IapajuleIbHOE IporpaMMmHpoBaHue. B
JIOTIOJTHEHNE K 3TOMY, (YHKIMOHAJbHAS MapagurMa obecrednBaeT
JIOTIOJTHUTENbHBIE BO3MOYKHOCTH HCITONB30BaHMS (YHKIMOHAIBHON
a0cTpanuu, TPUBOAWT K Oojee HaIeKHOMY, CBOOOJHOMY OT
omKOOK 1 K 00Jiee KOMITAKTHOMY ITPOTPaMMHOMY KOJy.
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ITonnMast BO3pacTarollyl0 BaXXHOCTb (DYHKIIMOHAIBHOTO MOAXOAA,
MaiikpocodT IuTaHUPYeT BKIIOYUTH B CIEAYIONIYI0 BepcHio Visual
Studio B KauecTBe 0a30BOro s3blka (YHKIMOHAJIBHBIA S3BIK
nporpammupoBanus F#. Byayun MynbTHnapainrMaibHbIM SI3BIKOM,
C TakMMHM WMIICPATHBHBIMH BO3MOXXHOCTAMH, Kak IHMKIBI H
Mo udUIMpyeMble CTPYKTYpHI JaHHBIX, F# obecrieunBaeT CKBO3HOE
IByCTOpOHHee B3amMmopeiictBue c¢ rmiardopmoit .NET, mo3somsis
mpo3pagHo ucrons3oBath .NET Framework u3 ¢yHKunoHampHOTO
KOJa, a TaKkKe MOAKIYaTh K WMIEPATUBHBIM IIPOEKTaM
6ubmmoteku, peannzoBaHHble Ha F#. B cBoeil ocHoBe F# Tem He
MeHee SBIAeTCs (YHKIHOHAJIBHBIM SI3bIKOM, HaciemHnkom OCaml
n cemeilictreBa ML-A3bIKOB, C JIAKOHWYHBIM CHHTaKCHCOM H
CTaTUYECKON THMM3alueil ¢ BHIBOJOM THIOB. 3a CYET KPaTKOCTH
CHHTAaKCHCa M HalWuus IceBao-uHTepnperatopa F# craHOBHUTCS
MIPUBJICKATEIbHONW OIIMEH HE TOJBKO B 00pa30BaTENbHBIX WIN
HCCIICIOBATENIbCKUX CLIEHApUSAX, HO M IpU pa3paboTKe pearbHBIX
MIPOrPaMMHBIX CUCTEM MM B Ka4eCTBE CKPUIITOBOTO SI3bIKA.

B nanHO# mpe3eHTaMK Mbl 3HAKOMUM CIyIIaTelel ¢ s3bIkoM F#,
MIOKa3bIBa€M  HECKOJBKO MPHUMEPOB  HCIIOIBb30BaHMS  S3bIKA
coemectHo ¢ .NET Framework (Bkmrouas managed DirectX), a
TaKke O0OCY)XIJaeM BOIIPOCHI HCHOJNB30BaHUS (HYHKIIMOHAIBHBIX
SI3BIKOB B MH/yCTPHAILHOM ITPOTPAMMHPOBAHNH.

Keywords: F#, (byHKIMOHATIBHOE IIPOTpaMMUPOBaHHE,
MYJIbTUIIAPAIUIMaIbHOE IPOrPaMMHUPOBAHHE.
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Evolutionary Design

Denis Miller,
Agile Consulting
dmiller@agileconsulting.ru

Abstract

Evolutionary design is an integral part of development. The
foundation of evolutionary design is being formed for a few
decades: the principles of agile, refactoring, simple design,
development through testing (TDD), etc. Agile approach showed the
second part of the evolutionary design - the human factor.

Support and development of design directly linked to the
collective knowledge of the system and the principles on which it is
built. Knowledge of the current system creates a theory of a
particular project. Agile approach synchronizes the theory about the
project among participants, seeking not only effective
implementation of the current challenges, but also creates the
possibility of the evolution of the system according to the emerging
needs of the client.

The report will raise questions of relation of design and
programming, documentation and communication in the team. It
will be shown that the evolution of design project is directly related
to the project team development and the establishment of a culture
of team development.

Keywords: Agile, evolutionary design, design principles,
refactoring, team management, patterns language
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IBOJIOLNMOHHBIA AU3AalH

dennc Muiep,
Agile Consulting
dmiller@agileconsulting.ru

Te3ucobl
DBOJIOIMOHHBLIA JW3alH SBIIETCI HEOTHEMJIIEMOH YacThIO

pa3BUTHA  CUCTCMBIL. Heckonbko  gecsaTuineTuit (bOpMI/IpyIOTCﬂ
OCHOBBI YBOJIIOLIMOHHOIO JHM3aiiHa: MPUHIUIIBI rubKoi pa3p360TKI/I,

pedakTopuHra,  mpocTOro  au3aiHa,  paspaboTKH  yepes
tectuposanue (TDD) u mp.
Agile  momxon — mokasam  BTOpPYIO COCTABILAIOLIYIO

9BOJIIOLIMOHHOTO JH3aifHa — denoBeueckuil dakrop. Ilognepixkka u
pa3BUTHE IU3aliHa CHCTEMbl HAIPSIMYK CBSA3aHBI C KOJUICKTHBHBIM
3HAaHWUEM O CHUCTeME¢ W NPHHIMIAX, HAa KOTOPHIX OHa MOCTPOCHA.
3HaHUE TEeKyLIeH CHCTEMBI cO30aéT TCOPHIO KOHKPETHOI'O IPOEKTA.
Agile moaxon CHHXpOHHM3HPYET TEOPHIO O TPOSKTE MEXIY
y4acTHHKaMH, NOOMBasCh HE TOJNBKO 3()()EKTHBHOTO BBITOJHEHHS
TeKyIIUX 3aad, HO U CO34aET BO3MOXKHOCTH 3BOJIOLUHM CHCTEMBI
COTJIACHO BO3HUKAIOIINX MOTPEOHOCTEH KIIMEHTa.

B jmoxiaze OyAayT NOAHUMATBCS BOIPOCH COOTHOIICHHMS
MPOCKTUPOBaHKUS ¥ NPOIPAMMHUPOBAHUS, JIOKYMEHTHPOBAHUS U
KOMMYHHKallMM B KOMaHAe. bByner moka3aHOo, Kak 3BOJIOLHS
JM3aifHa MPOEKTa HANpsSMYIO CBsi3aHA C Pa3BUTHEM IPOCKTHOM
KOMAaHJIbl ¥ CO3JIaHHeM KOMaHIHOM KyIbTYpbl pa3paboTKH.

Keywords:  Agile, osBomonuMoHHBIA  AW3aiiH,  IPHHIAIIGI
MIPOEKTHPOBaHNUS, pehaKTOPHHT, YIpaBiIeHHE KOMaHIOH, patterns
language

1. Bgepenue

KiroueBbIM MOMEHTOM Pa3pabOTKH MPOrPaMMHOTO 0OecTieueHHS
ABJsieTCs TpoekThpoBaHue. [IpuHATO cumTaTh, 4TO 0€3 HAIWYHA
Cepbe3HO NPOPabOTaHHOW APXUTEKTYpPhI IMPOEKT HE Mepenaércs B
paspabotky. Hackombko Takoit moaxon s¢dexrusen? Kakosa poib
komaHbl? KTO cobupaeT naBphl 3a ycrex MpoeKTa, a KTo BUHOBAT B
Heynaue? Kro oTBeTcTBeHEH 3a apxurekTypy? Kak u kyna mpomxHa
MEHSATBCS apXUTEeKTypa?

AnantuBHble (Agile) MeTononornu pa3pabOTKH KOMMEPUYECKHX
MPUIOKEHUH OTBEUAIOT Ha MOCTAaBJIEHHBIE BOMPOCHL Sapo 3toro
MOX0JIa - ITO YEIIOBEYEeCKHi (akTop. A TIIaBHBIH MHCTPYMEHT -
SBOJIIOIIMOHHBIA  JH3aiH. 3a KaxyIeHcss MPOCTOTOH  CKPBITO
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CIIO)KHOE  B3aMMOJICHCTBHE  JIOACH, MHOKECTBA TEXHHK H
TIPUHITUTIOB.

2. Kimaccmueckuii moaxon

Kak pemaer 3agady NpOeKTUPOBaHHUS U Pa3BUTHUS INPOJYKTa
KJIaCCHMYECKHUH (TUIaHOBBIN) IOJXOJl, OCHOBAHHBIM Ha MOJYJIbHOM
pa3paboTke mNpuiIokeHHH. Bompoc sBoironnu an3aiiHa CHUCTEMBI
3/leCh He MNOJHMMaeTcs. ApXUTEKTypa OIpeJeNseTcss Ha CTaJuu
MIPOSKTHPOBAHMUS, a Jalbllie Ae0 3a peanusanueii. [lorpedbHOCTH B
M3MEHCHHSAX W aJalTalld JOJDKHBI OBITH NMPOAYMAaHBI Ha CTaIiH
MIPOEKTUPOBAHMS. ODBOJIOLUS CHCTEMBI OTCYTCTBYET, TaK Kak
pa3paboTka sBISETCS IUIAHOBOW H  PACCUMTAHHON 3apaHee.
OBOJIOUEN CTAHOBUTCS IJIAHOBOE HApallMBaHHE OXXHIAEMOM U
3aIDTAHMPOBAHHOM HA CTAIHH MPOSKTHUPOBAHUS (PYHKIIMOHAIEHOCTH.

[l1aHOBOCTh TOpPOXXKTACT HEOOXOAWMOCTH pOJIEH, TaKMX Kak
PYKOBOJIUTENb NPOEKTa, AHAIUTHK, apXUTEKTOp, pa3pabOTUMKU U
TeCTUPOBUIUKH. Kaknplii M3 y4yaCTHHKOB 3HAeT TOYHO, YTO €My
clenaTh U koraa. Bcé nmporaosupyeMo, Kak B CTPOUTENBCTBE 3/IaHUN
U MOCTOB, OTKyZJa OBIT 3aMMCTBOBaH IUIAHOBBIH  ITOJIXOX
pa3zpaboTKu.

Ho BO3HHKAIOT CIOXXHOCTH, KTO-TO HMX IPHU3HAET, KTO-TO
3aKpBIBAaCT IJIa3a W 3aHUMaeTcs camooOMaHoM. B crpoutenmbcTBe
31aHUN KOHEYHBIM MNPOAYKT SBISIETCS MaTepUalbHONW BELIbIO U
3Tamnbl €ro CO3/IaHUs JIETKO JAEKOMIIO3UPYIOTCS M HE HU3MEHSIOTCS.
Ho B wHmyctpuum pa3paboOTKH NPOTpaMMHOIO OOecTeUeHHs
KOHEYHBIH MPOIYKT 001ajacT MEHbBIIEH MaTepHATEHOCTBIO.

KoMIOHEeHTHBIH TOAXO[, 3aMMCTBOBAHHBIH M3 CTPOUTEIHCTBA
3aHUH, TIO3BOJISIET TMPOBECTH JEKOMIIO3UIIMIO CHCTEMBI Ha
y31b1/'ypoBHHA. COBOKYITHOCThH Y3JIOB MOXET OBITh 3allJITaHMPOBAHA,
Ha3HAUYeHBl OTBETCTBCHHBIC 3a peaM3alMi0 W OCTaETCA TOJBKO
JKIaTh, KOTJa IHpOEKT «co3peer». IlocnenoBaTespHO peanusys
MOZYJb 32 MOJIYJIEM, CIIOM 3a CJIOEM, CJIOBHO BO3BOJAUTCS 3JaHUE,
TaK M IpOrpaMMHOE obecreueHre NpruoOpeTaeT 3aBepIIEHHbIA BH]I.
K coxanenuto, 3maHMe NPOrpaMMHOTO OOECIIEUYEHHs B TOJIOBE
KJIMEHTa OKAa3bIBA€TCS HACTOJIbKO WHAUBUAYAIbHBIM, YTO KJIHEHT
yale TOJIbKO BO BPEMsI CTPOUTENLCTBA HAUMHAET MOHUMATh UYTO OH
xoueT. B wmrore, meradopa «crpourtenscTBa 3naHMi» Ha€T cOOMH,
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IIeHa pa3pabOTKNW HAYMHAET PACTH, MOSBILIETCS TEKydKa KaJIpoB B
MIPOEKTE, HEJOBOJIBCTBO 3aKa3YHKa PACTET.

Kak >xe ObITh B 3TOM curyarmu? IlepBeiii BapuaHT — 3alUTHTH
ce0si OT M3MEHEHHH, NPUAYMAaTh CIOXHBIH IMpoLecc BepUpHKAIN
Ha  KaXJOM DJTalme M  IpPOLECC BHECEHUS  U3MEHCHMH,
3aJJ0KyMEHTUPOBaTh KaK MOXHO OOJIbIIE M TIIATENbHEH WM emmé
YTO-HUOYIb.

Byner nu 3T0 BBIXOIOM?

3. AJanTUBHBIN MOAX0X

CoBpeMeHHOE 00IIIECTBO Pa3padOTINKOB MPEUIOKUIO U3MEHHUTH
pan KJIFOUEBBIX MOMEHTOB KJIaCCHYECKOM TapagurMbl
«CTPOUTEIHCTBAY.

Ecmu cuctema ciiokHa, ¥ TOCTOSHHO IBITAETCS PA3OUTHUCH IO
mBaMm. Ecmm kimeHTHI MeHSOT TpeOoBaHmsA. Ecmm  mmp
KOMMEPYECKHUX TMPUIOKEHUH OYeHb CHJIBHO 3aBUCHT OT DPBIHKA U
KOMMEPUYECKON  KOHBIOHKTYPBI. Moxer HE CTOUT  Tak
OpUEHTUPOBAThCSI HA 3aMOpaKUBaHHE TpPEOOBaHHI B Hadvaje
pa3paboTKU U CTPOUTH TSKEIOE MOHOJIUTHOE 3/1aHne?

Ecnu nepBoHavyanbHast MeTadopa CTPOUTEIBCTBA 31aHUI B MUPE
MEHSIONUXCSI TPEOOBaHU HE MOCTIEBAET 32 KIIMEHTOM, MOXKET OBITh
croutr e m3MmeHuTh? Kcratm, K co3maHWIO  MeTadopbl
«ctpourenbcTBay npuioxunuck Kenr bex n Bopa Kannunrem B
nanekue 1980-e roapl; oHM ke depe3 15 JeT mo3HaKOMHIIM MHp C
Agile manudecrom [1].

Moxer He cIemyeT 3alluIlaThcss OT  H3MCEHSIOMIUXCS
TpebOoBaHUH, a TOCTaBUTh UX BO riaBy yria? [loaTomy moaxoauT
Meradopa «co3laHMe TMPOrpaMMHOro0 odecneyeHuss — 3TO
oupka. Ckaukl  KOTHPOBOK  CPOJHH  HW3MEHSIOIIUMCS
TpeboBaHusM. Ecnm MBI OpHEHTHpYeMCS Ha HM3MEHSIONTHECS
TpebOBaHUs, TO MBI O0S3aHBI Yallle BCTPEUAThCS C KIMEHTOM U
WCTIONb30BaTh  TMPUHIIUIBI  ABOJIIOIMOHHOTO  Ju3aiiHa, dYTOOBI
KaX/IBIH pa3 aJanTupoBaTh apXUTEKTYPY IO HOBEIC TPEOOBAHMUS.

[HosiBasteTcst TEpMHMH UTEPAUMOHHOCTH, KOTOPBIA TMOJMEHSET
IJJaHOBOE  CJeloBaHME BexaM IpoekTa. Kaxnas wurepauus
CTAHOBHUTCS  MaJleHbKMM  BojaomnaaoM.  I[IpoaomkureabHOCTh
urepauud oT 2 Henenb. KopoTkuil cpok uTepaluuu BbI3bIBAE€T
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OTPOMHBIH IUIACT TpOoOIEeM: KaK OpraHM30BaTh cOOp TpeOOBaHHH,
Kak IPOEKTHPOBaTh, KaK IMOJACPKHUBATh APXUTEKTYpy T'MOKOH, HO
JIETKOBECHOM, KakK paclpeneisaTb poinu B Komanzae. Kiaccuueckoe
NIOHUMaHMUE YyKa3aHHbIX aKTUBHOCTeH wu3MeHsercs. Ho ocraéres
BOIIPOC — YTO XK€ SBISETCS apXUTEKTYpOil IIpoekra?

OTBeT Ha BOIPOC TaKOH: MPOEKTOM CTAHOBHUTCS COBOKYIHOCTBb
KOA Y 3HAHMH KOMaHAbl. A B HEKOTOPBIX MPOEKTaX K 3TOMY
MIPUKIIAABIBACTCS €IIE ONUCaHHE NMPOEKTa B BUAE NPENINPOCKTHOM
JOKYMEHTAIlMM B BUJE CIIELHAIBHO MOJATOTOBIECHHBIX TpeOOBaHUIMA
(ucropum mone30Bareneit), pororpaduil TOCOK ¢ 0OCYKICHUAMHU H
JrarpaMM Ha caneTKax.

A 4gt0 *)e Takoe apxurekrypa? Ilox apXuTeKTypoil MOHUMAETCs
CTPYKTypa MOJIYJEH IUTIOC OOIee BHICHHE KAXKIOTO YYacTHHKA
NIpOEKTa TPHUHIWIIOB W MPaBMJI pa3padOTKW IpoeKTa (=Koxa),
KOTOPBIMH OH PYKOBOACTBYETCS BO BpeMs OOCYXACHHH W
HamucaHus Koja. APXUTEKTYpOl CTAaHOBHUTCS HEKOE MEHTAaIbHOE
3HaHHE Pa3pabOTYMKOB, KOTOPOE MO3BOJISICT NMPUHUMAThH PELICHHS,
OTBEYaTh O BO3MOXKHOCTH MJIM HEBO3MOXKHOCTH peaju30BaTh TOT
WIN MHOW (pYHKIMOHAN M YCHIIMSIX, KOTOPBIE HY)XHO IPEIIPHHSTD.
ApPXUTEKTypa CTAaHOBUTHCS 3HAHHEM KOMAaHIbBI, HEKOW Teopuei
pa3paboTKh KOHKPETHOTO TPOEKTa. A €cli apXHUTEeKTypa 3TO
TeOpHs, TO Kaxaas TeopHs JOJDKHA  TEpefaBaThcsi  C
UCTIONIb30BAHMEM CBOETO 53bIKAa. Tak MaTeMaTHKH pasroBApHBAIOT
Ha s3bIKe (OpMyJ, JIMPHUKH Ha JUTEPaTypHOM s3bike. Jlaxe
TIOJIPOCTKH Ha TUIONIAKe 001a1al0T CBOUM SI3BIKOM.

Kaxnprii mpoekT ¢opMmupyeT CBOH COOCTBEHHBIH S3BIK (WIH
JUAJIEKT) TPOEKTa, KOTOPBI oOpa3zyeTcss B Hadajle MPOEKTa U
IIOCTETIICHHO pa3BUBaeTcH, IBOJIIOIIMOHUPYET. Hocurenu
(pa3paboTynKu) s3bIKa TMOJNyYas OMBIT pabOThHl B TPEIMETHON
obyactTi 06OTAIAOT €ro CBOUMH TEPMHHAMH (PEHICHUSMH), HITH
peIeHNsIMHA, KOTOPBIe TOBTOPHO MCIOIB30BAIH B JAPYTUX MTPOEKTaX.
Kak u mosiBiieHre HOBBIX MOJyJiel BBOJUT B €KEAHEBHOE OOIICHUE
pa3paboTYMKOB HOBBIE TEPMHHBI (HAPUMEP, MOXET IOSBHTHCS
CJIOBO «KaJBKYJISITOP», @ CMBICI €ro OyAeT B HOSBICHHH HOBOTO
CepBHCa PACCUMTHIBAIOIIETO KPUTHUYECKHE JaHHbIe). Tak e MOryT
YXOIUTb HEKOTOpblE TEPMHMHBI U MOHATHUS, HANpuUMep, CIOH
«MATIIIEpOB»  (CIIOW, OTBEYAIOIIMM 332 COXpaHEHHWE JaHHBIX
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TPUIOKEHUS B 0a3y MaHHBIX) 3aMeHuTCs Ha hibernate (6uGmmoreka
paboThl ¢ 6a3aMu TaHHBIX).

[onsaTne s3bIKa MPOEKTHPOBaHUS [2] I pa3padOTINKOB ObLIa
sanoxkeHa Kenrom Bekom u Bopn Kanaunremom (cosmarenu
Extreme Programming) B 1987 roay ¢ BBeAeHHEM MOHSTHS
Patterns Language. B nanpHelimeM HICHO MOIICPKATH MHOTHE
aBTopbl. Tak MOSBHIMCH pa3MUYHBIC KATalOTW:  INAGIIOHBI
npoekTupoBanus (design patterns) [3], apxuTekTypHbIE MATTEPHBI
[4], maTTepHbI IpeIMETHBIX 0OIacTEl U Ap.

4. DBoJionus MPOEKTa

DBOMIOIMS MPOEKTa OTPAXKASTCsT Ha CTPYKType MOXyJei,
KJIacCOB M MX B3auMoneicTBuu. Ho 3TO BTOpHYHOE NpOsBICHUE,
W3MEHEHHE NPHHIIMIOB U MPABHJI KOHKPETHOTO IPOCKTA IIEPBUYHEL
[lpaBmia W TPHHUMIBEL CO3MAIOT TEOPHI0 M SI3BIK KOHKPETHOTO
npoekTa.  Ecmu  9BoOMIOIMS  KOAa  YKE  HEOJHOKPATHO
paccMaTpHBanach Kak 4acTh 3BOJIOIHOHHOTO MPOCKTHPOBAHHS, TO
SA3BIKY U TCOPUU IMPOCKTA OTAaBAJIOCh MECHbIICC BHUMAHUC.

He cekper, 4ro /st 9BOJIOIMHM KOJa TPOEKTa HAM
npenoctapisiior Habop moaxomos: “Refactoring”[5], mpumHumIE!
rubkoii paspabotku [6], Simple Design [7] u wuHCTpYMEHT
mukpou3aiina Test-Driven Development [8].

OcraéTcsi BONPOC DBOJIOLMHM TEOPHH (3HAHHS) O IPOEKTE,
KOTOpasi HaXOMUTCS B TOJIOBaX KOMAaHIBL. JBOJIOLMSA 3HAHHS O
NpOeKTe  ompeneiseTcs  TpaHchopManued  KOMaHAHBIX |
WHIMBUIYAIbHBIX 3HAHUI, IEHHOCTEH, NPUHIMIIOB pa3paboTKH
KOHKPETHOTO  TMPOEKTa, a TaKk e I[Ia0lOHOB MOBEICHUS |
OpraHu3aliu. JTO COCTAaBISET MHUPAMHIY JIOTHYSCKUX YPOBHEH
MPOEKTA:
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/U

LWabnoHe!

/ Peannsauua \

B kmaccuueckoM monaxone pa3paboTKH KOMaHIHOE 3HAaHHE
OCTaHaBJIMBACTCS HA peajH3aliM, a Belylue pa3paboTuuku
JOXOIST A0 YypOBHS  1Ia0MOHOB  (OOOOWIEHHBIX — pelIeHHH
KOHKpeTHOH peanu3anuu). Ho ocTaHoBka Ha 3TOM YpOBHE He
MIO3BOJISIET CTPATETHUYECKH ITOAXOAUTH K IBOJIONMH IPOEKTa, TaK
Kak »3TOT YpPOBEHb 3HAHHUS ONPENENACTCS TONBKO TEKYLIUM
pemenueM (Teopuei mpoekra). Korma xaxkablii pa3paboTumMk
BiazieeT NOJHOW MH(OpManuerd 1Mo BceM YpOBHSIM M OTH 3HAHHS
CHHXPOHHU3MPOBAHBI MEXJy YYaCTHHKAaMH, TO 3BOJIIOIMS 3HAHHA
(Teopum) O TPOEKTE OTpa’kaeTcsl Ha HBONIOLMM Ju3aiiHa. BTopoe
HEBO3MOXKHO 6€3 TepBoro.

AManTUBHBIA NOAXOX MpepIaraeT JUis pa3BUTHI TEOPUH O
MIPOEKTe Ha BCEX JIOTWYECKHX YPOBHSX HAWIydllee pEeIIeHHe —
CaMOOPIaHU3YIOLIYIOCS KOMaHy. [IpMHIMIBI ¥ IPAKTUKU KOTOPOU
MTO3BOJISIFOT TAPMOHHWYHO PA3BUBATh 3HAHME O NPOEKTE BCEMHU €Tro
yuacTHuKaMu. Co3faercs Kpenkas OCHOBa (KOMaHIHOE 3HAHUE)
pasBUTHIO (PBOJIIOIMH) MPOEKTa B HANPABICHHAX, KOTOpPHIE
onpeersieT KIMEHT. 3aayMaWTech O TOM, KaK BIMSIOT TakHe
NIPAaKTHKKA Ha Pa3BUTHE 3HAHUS O MPOEKTEe: (POPMUPOBAHHE OOIIETO

BUACHMUA, KOMaHJHOC IMPOCKTUPOBAHUEC, IIOCTOsIHHAasA
KOMMYHUKaIus, JAOCTYINHOCTDb KJIMCHTA, JACMOHCTpAllMOHHBIC
BCTpPEYH, KOJIJICKTHBHOC BJIAICHUC KOIOM, ImapHo€

MpOrpaMMHpPOBAaHHKE, J1a U MPOCTHIEe eKeIHeBHbIC JeTyuku (Stand-up
meeting).

Ho ¢ ogpyroil CTOpOHBI, TakoW MOAXOA MPEABABIAET
TOBBIIIICHHBIE TpeOOBaHUS K caMuM paspaborumkam. Komanna
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JNOJDKHA pa3BUBaTh HE TOJNBKO CBOIO TEOPHIO, HO W 3HATh H
WCTIOJB30BaTh BEYIINE MHPOBBIC HAPAOOTKH, WAEH W TOTOBHOCTH
MEHSTHCS.

Jlyumine ujeu nepenaroTcs B MabjJoHax U MPaKTHUKaX, KOTOPbIe
ananTupyroTcs B Kaxaol komange. 1llaGioHbl mposBisitoTcs Ha
BCEX YPOBHAX pa3pabOTKM, Ha4yMHas OT HamUCcaHWI KoAa [0
KOMMYHUKAIIMOHHBIX B3aUMOJICHCTBUII W ynpasieHus. OOmas
nepapxusi mabIOHOB:

- IPaKTHKH YIPABJICHHUS IPOEKTOM;

- I1a0JIOHBI TIOCTPOCHUS KOMAaH/IBL,

- I1a0JIOHBI IMYHOM OPTaHU3AINH TPYAa;

- m1a0JIOHEI IPeIMETHOH 00TacTy;

- apXUTEKTYpHBIC MAOIOHBL,

- I1a0JIOHBI IPOEKTUPOBAHMUS;

- I1a0JI0OHBI KOTUPOBAHHUS.

Kaxapiii Habop MI1abJIOHOB TaK K€ COACPIKUT BHYTpH ceOs
YIOMSIHYThIE BBIIIE JIOTHYECKHE YpoBHU. Hampumep, ma0noHsl
NPOCKTUPOBAaHMS  3WKAYTCSA  HAa  NOPUHOMNAX  [OBTOPHOTO
UCIIONIb30BAaHUs ~ KOMIOHEHT, JEJIErMpPOBAaHMUs, HCIOJIb30BAHMS
uHTep(deiicoB M KOMIIO3MLMH. A TJaBHas [EHHOCTh II1a0JOHOB
MIPOEKTHPOBAHUS — THOKOCTE.

5. 3akJjoueHue

OBoIONMS TMPOTPAMMHOTO OOECTieueHHsT OCHOBBIBACTCS HA
W3MEHEHHH Teopuu o mpoekte. Agile moaxox — 3To He cepedpsiHas
nymsi. Ho Agile npunaer 3HaveHune mocTpoeHHI0 OOmIEH TEOpHH.
PazBute B KOMaHAEe 3HAaHUW O TMPOEKTE, CTPEMIEHUE K
HCIOJIB30BAHUIO MHUPOBOTO OIIbITa, Pa3sBUTHUC A3BIKA IIPOCKTa B
COBOKYITHOCTH CO3JAI0T KyJIbTypy pa3pabotku. ITostomy Pummmnm
Kpauten, cozmarenr RUP, ckazam: «Agility is not a technology,
science, or product but a culture».

[losiBnenne W monanepkKa KyJlbTypbl pa3pabOTKH HOPOKAAET
HOBBIC KOMaHJHbIC PoJM (Hampumep, SCrum master). B komanmax
MOSIBJIAIOTCST BHEIIHME TpeHepa (Koydep), KOTOphIe ITOMOTAIOT
KOMaH/IaM TepelTH K HOBBIM 3((EKTUBHBIM criocodaM padoThl. A
Mociie KBAaHTOBOIO ckayka B MUp Agile MHorue yauBisroTCs
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npocTote, 3PPEKTUBHOCTH M aJanTHPYEMOCTH K CYIIECTBYIOIIHM
IporeccaM MpeyIaraéMbIX MPaKTHK.
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Arkhipenkov Sergey
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Abstract

Such important subject as management of a software developer
team is considered in this report. It is known that working efficiency
of software developers can vary tenfold. That’s why the manager’s
task is to make reproducible the high efficiency of intellectual
activity. Ways and means to solve this problem are in application of
adaptive project management intended for study and amendment of
characteristics and structure of the object of management, notably
people and their cooperation. In this report the author submits seven
management principles. By means of them a manager can ensure top
team efficiency. Application of these principles is illustrated by
examples. The author demonstrates that well-managed project can
be successfully carried out by the ordinary developer team.

Keywords: team management, leadership, project management,
adaptive management.
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Mapum nodenuresieii. AJanTUBHOE yNIpaBJIeHUE
NPOEKTOM: IPUHIMIIBI M IPHUMEPbI

ApxunenkoB Cepreii
email: sarkhipenkov@gmail.com

Te3ucol

B nmokname paccMOTpeHBI BaKHBIE BOIPOCHL PYKOBOACTBA
KOMaH/I0H pa3paboTYMKOB MpOrpaMMHOro obdecreueHus. V3BecTHo,
YTO IPOU3BOAUTEIBHOCTH IIPOIPAMMUCTOB MOXET OTIMYATHCA B
JECATKH pa3. 3ajada pyKOBOAWTENS - CAENATh BOCHPOM3BOIMMOI
BBICOKYIO 3()()EKTUBHOCTh MHTEIUIEKTYANbHON fesTenbHOCTH. [1yTh
K PpEIICHUIO 3TOHW 3aJaud — NPUMEHEHUE METOAOB aJalNTHBHOIO
YIpaBJICHUs, HAIIPABICHHBIX Ha M3Y4YEHUE M M3MEHEHHE CBOICTB U
CTPYKTYpBl OOBEKTa YNpPaBICHUS: JIOACH M WX B3aUMOJCHCTBUSL.
IIpencraBneHsl ceMb TNPUHLMIOB — aJAaNTHBHOTO  YIPaBICHHS
IIPOEKTOM,  HCIOJB3YS  KOTOPBIE,  PYKOBOAMUTEIb  MOXET
obecrieunBaTh  HAMBBICHIYIO  IPOW3BOJUTENLHOCTh  KOMAaHJBI.
[IpuMeHeHHe NPUHIMIOB WUIIOCTPUPYETCS NpUMepaMH. ABTOpP
MIOKa3bIBAaCT, YTO XOPOILIO YIPABISIEMBIH IPOEKT MOXKET OBITh
YCIICIIHO BHITIOJHEH OOBIYHOM KOMaHI0H pa3paboTUHKOB.

KaroueBbie cJioBa: PYKOBOJACTBO KOMaHHOﬁ; JMACPCTBO;,
YIIpaBJICHUE IPOCKTOM; aIalITUBHOC YIIPABJICHUE.

Baenenne. Knaccuyeckue MeToabl ynpasiieHUsl He padoTaior

YMECTHO TIPOBECTH AaHAJOTHIO MEXIY KJIACCUYECKUMU
METOJaMH, IPUMEHIEMBIMH B CHUCTEMaxX aBTOMAaTHYECKOTO
YOpaBJICHUS JIETaTeIbHBIMH  allapaTaMid, W IOAXOZaMH K
YIPaBJICHUIO TIPOTPAMMHBIMH ITPOEKTaAMH.

«Kax nomyuurcs». Pa3oMkHyTas cHCTEMa  yIpaBJICHUS.
Hanpumep, mnposenu kick-off meeting, mnocTaBmmm 3amaun
pa3paboTYrKaM W MOMNUTH TOTOBUTH OAHKET IO MOBOJIY YCIIEIIHOTO
3aBEpIIEHHS MMPOoeKTa. AHAJIOTHS: OaJUTMCTHUECKUi moneT. MoXHO,
HO HE/aJeKOo M HeTOYHO.

«Bomomany. Xectkoe ympasienue ¢ oOpaTHOH CBs3pl0. Pacuer
OTNIOPHOW TpaeKTOpuH (IWIaH TPOEKTa), M3MEPEHHE OTKIIOHEHWH,
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KOPpEKIMsI U BO3BpaT Ha OMNOpPHYIO TpaekToputo. Jlydiie, HO He
3¢ PeKTUBHO.

«I'mbkoe ynpasnenue». Pacuer onopHo# TpaekTopHuu, H3MEpeHHe
OTKJIOHEHUH!, pacueT HOBOM Monajaromeil TpaeKTOPUU U KOPPEKIHS
Juis BeIXojga Ha Hee. «[ImaHbl - HUYTO, IUTAHUPOBAHHE - BCE»
(Ditzenxayap, Jdyait IBun)

«Meton uacTeIx moctaBok». CamoHaBenaeHue. Pacuer omopHOi
TPAeKTOpUH, H3MEPEHHE OTKJIOHEHUH, YTOYHEHHE IIeNd, pacueT
HOBOM IONAA0IIEH TPACKTOPUU U KOPPEKIUS IJIS BBIXO/1a Ha HEE.

Knaccudyeckne MeTonsl YIpaBieHHsS IepecTaloT paboTaTh B
cily4asix, Korja CTpPYKTypa U CBOMCTBa yIpaBiseMoro o0bekra HaM
HE U3BECTHBI U U3MEHSAIOTCS CO BpeMEHEM. JTH IOAXO0/IbI TaK JKe He
IIOMOTYT, €CJIHM TEeKyL[Me CBOHCTBAa HE IMO3BOJIOT OOBEKTY
JIBHraTthCsi C TpeOyeMbIMH  XapakTepucTHKamu. Hampumep,
JIeTaTebHBIA ammapar He MOXKeT pa3BUTh TpedyeMoe YCKOpEeHHUe
WIM pa3pylIaeTcss NpU HEIOMYCTUMOHM Ieperpy3ke. AHaJIOIMYHO,
ecnu  paboyas rpymma MOpoekTa HE  MOXET  00ecHedYHuTh
HEOOXOIUMYIO TPOU3BOAMTENBHOCTE U IIOCTOSIHHO paboTaeT B
peXHMe aBpaia, TO 3TO MPUBOJUT K yX0ay Npo(heccCHOHANIOB U3
MIPOEKTAa.

AJAOTHRHOE VIINARIECHME

OGEI4HbI KOHTYp 0OPaTHOI CBA3M i
SHO K TIPAMBIM
Amanusatop i
¥ pesybrata ; HA M3Yy4YCHUE WU
¥ ra. IIponomxkas
g ;HHapaTaMI/I, - 3TO
u . o
I: CHcTeMa yrpaBieHHs O6bexT Pesynprar /H/I’ yTOLIHeHHe
I T15] (HEeoOXOoaMMOE
a i v; o~
)% ipacd€T HOBOM IIONMANAFOIICH
1 i Ha Hee.
Amnanuzatop o6nhekTa i?ypy u CBOﬁCTBa 06'I)eKTa u
B ::[X MPUBCJACHNA K XKCJIAaCMOMY
C JIOTIOMHHTENBHETH KOHTYp 06paTHOi CBA3H :[TI) ,HOHOHHI/ITGHI)HBH'Z KOHTYp
ORHTHOM / CBA3M
( u- ynpasligronee BO3,‘1€“CTBHC: @ — ananTaluoHHOe Bo3ﬂei’iCTB"e.
Pucynok 1).
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OOBBI4HbI KOHTYp 0OPaTHO CBA3M

Amanuzatop
pesynbTara

CucTema ynpasieHus O6bexT Pesyubrar

AHanm3atop oobeKkTa

JlononmHUTENLHBINH KOHTYP 0OpaTHO# CBA3H

U — ynpaBrsiolee BO3ICHCTBIE; @ — aJaNTalHOHHOE BO3ACHCTBHE.
Pucynoxk 1. JlomoHUTeNBHBIH KOHTYpP O0OpaTHOii cBfA3M B
cucTeMe aJanTUBHOIO yNPaBJIeHUSs

PesynbraToM ynpaBieHHS NPOEKTOM SIBISIOTCA: COOTBETCTBUE
crenuGUKaIusIM, CPOK 1 OIOKET.

MHOXECTBO  yIpPaBIAIOIMNX BO3AEHCTBHH (U) OrpaHHYEHO:
COCTaBUTh IIaH PabOT, pacCTaBUTb NPHOPUTETH, HA3HAYNTH HA
pabotsl ucronaHuTened. Kak mpaBwiio, TakuM M TOJNBKO TaKUM
ynpaBieHHeM (aJMHHUCTPUPOBAHNEM) 3aHMMAIOTCS MEHEKEpHI -
MOKIIOHHWKN amarpamm [anta m ¢danater MS Project. Ecimm y
KOMaH/Ibl MIPOEKTa HU3Kasl MPOU3BOJUTENBHOCTD, TO €AMHCTBEHHBIH
IMyTh €€ MOBBICUTb MPH aAMHHUCTPATHBHOM IMOAXOAE - 3TO
TIOCTOSIHHOE JIaBJICHWE, aBpalibl, CBEPXYpPOUHBIE M CYyOOOTHHUKH.
PaGotaTs Gostbie, 3TO COBCEM HE 3HAUUT - paboTaTh MPOIYKTHBHEE.
Ckopee HaoOopoT. MznmimHee paBieHHE M cyeTa HPUBOIAT K
HENpOAyMaHHbIM pPEUICHUsIM, OOJIBIIOMY TPOOJIEMHOMY KOLy H
MHOTOYHMCIICHHBIM THOCJIEAYIONMM repepadoTkam. J{iast 1momoOHBIX
pykoBoauTenei nro0oi MIPOrpaMMHBIN IIPOEKT Oyner
0e3Ha/Ie)KHBIM.

Bmecte ¢ TeMm, H3BECTHO, UYTO NPOU3BOAMUTENIBHOCTh pPa3HBIX
MIPOrPpaMMHUCTOB MOXET OTJIMYAThCS B AECATKU pa3. YTBEpXKIalo,
YTO NMPOU3BOAUTENBHOCTh OJHOIO M TOTO K€ MPOrpaMMHCTa MOXKET
TaK K€ OTIMYAThCA B JECATKM pPa3. 3acTaBbTe JIyULIETO B MHpE
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OeryHa OeraTh B MeIIKe, U OH rokaxeT B 10 pa3 Xymmuii pe3ynpTar.
3acTaBbTe JIy4lIero NpPOrpaMMHUCTA 3aHUMATBCS «CH3U(OBBIM
TPYAOMY»: IUIOAUTH JOKYMEHTAIUIO (KOTOPYIO, KaK IIPAaBUIIO, HUKTO
He 4uTaer) B yroxy «Merogoiorun» (MMEHHO ¢ OOJbLION OYyKBBI
‘M), - 1 ero Npou3BOAUTENBHOCTb CHU3UTCSA B 10 pas.

IToaTOMy, OCHOBHBIE YCUIUSI PYKOBOAUTEINS, €CIIH OH CTPEMUTCS
MOJYYUTh HAaMBBICHIYIO IPOM3BOAUTEIBHOCTh paboyeld TpyMIibl,
JIOJDKHBI OBITH HAamlpaBJIeHbl Ha HM3YYeHHE M W3MEHEHHE O00beKTa
yhOpaBieHus: JroAed M ux B3aumozencTBus. CienoBaTelbHO,
3aady aJalTHUBHOIO YIPABICHUS MBI MOXEM pa3feluTh Ha IBeE
NoJ3a1auu:

1. OGecneuntb 3PPEKTUBHOCTH KAXKIOI0 YYaCTHUKA padboueit
TpYIIIBIL.
2. OoecnieunTh H3PPEeKTUBHBIC MPOLECCHl B3aUMO/ICHCTBYSL.

Bce miogu pasHble W CUTyaluif, B KOTOPBIX OHHM MOTYT
HaXOJAUTBCS B XOJIe IPOEKTa, OecUYHCICHHOEe MHOXKecTBO. bolTech
crepeotunioB. Ecnu BBl He y4YHThIBaeTe€ MHIUBHUIyaJbHbIC
0COOEHHOCTH KOHKPETHOW JIMYHOCTH, TO 3(P(PEKTUBHOCTH BaIUX
B3aUMOJICHCTBUI CUIIbBHO CHUXKAETCS.

Mogens 00beKTa ynpaBieHUsT HAM HEM3BECTHA, CIIEIOBATEIBHHO,
HE MOXXET CYIIECTBOBAaTh MCUEPIBIBAIOINIMN HAOOp MpPaBWI, THII
«eCIH..., TO...», II0 KOTOPBIM CMOT OBl AeHCTBOBATh PYKOBOIHUTEINb.
IloaTOMy, CKONBKO JIOAEH M CUTyalull, CTOJIbKO M BapUaHTOB
peleHuil ToJoKeH MMeTh 3(QEKTUBHBIH PYKOBOAUTEIb B CBOEM
3anace. «Ecim y pykoBoauTens B pyKax TOJBKO MOJIOTOK, TO BCE
BOKPYT OyAyT MOXOKH Ha TBO3IH.

Hpunoun 1. «IpuHnun goctatodHoro pasHooOpasms». s
«XOpOIIET0» YIPABICHUS KOJMYECTBO BO3MOXKHBIX COCTOSHHMN
YIPABISIIONIETO yCcTpoiicTBa (pasHooOpasue) IOMKHO OBITh HE
MEHBIIIE, Y4eM KOJIMIECTBO COCTOSTHUM 00bekTa ynpasieHus [1].

PykoBoauTeNh TIpH MOMCKE PEIICHUS ONMHPAETCS Ha CBOM Oarax
3HaHUH W yMmeHmd. OH TBITAaeTCA MOHATH KaXXIOTO YYaCTHHKA,
KJIaCCU(UITMPOBATh COCTOSHUE, HAWTH B CBOEM OIIBITE ITOXOXKYIO
CUTyallMI0 M aJanTHpPOBaThb DPAHEE HCIIONB30BAHHOE YCIIEHIHOE
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pelleHre NPUMEHUTENBHO K JaHHOMY KOHKPETHOMY Cily4yaro. Takum
00pa3oM, PYKOBOJUTENb CTPEMHTCS TIOMOYb YeJIOBEKY (OOBEKTY
yIIpaBJIeHUst) IepelTH B HOBoe Ooee 3(h(PEeKTHBHOE C TOUKH 3PEHHUS
Lesiel MPOEKTa COCTOSIHUE.

3areM pyKOBOAMTENb JOJDKEH HaONI0gaTh 3a pe3yibTaTaMu
CBOETO BO3JCHCTBUS — 3TO M €CTh  JONOJHUTENbHBIH KOHTYp
oOpaTtHO# cBs3u. HeoOXoaMMO TOMHHUTH, YTO MOHATH YEJIOBEKa
MOJKHO, TOJIbKO CIyIIas M CIJbIIIA, YTO OH TOBOPHUT. PykoBonuTens,
KOTOpBI B TEYEHHE HeJeNd He MOoOOLIANCs HWHAWBUIYaIbHO C
KaXIbIM U3 CBOMX NPSIMBIX IOAYMHEHHBIX, 3psI MOIy4aeT 3apIuiarTy.
W coBceM He 00s3aTeNBHO PAasroBOP AODKEH MATH O CTaTyce
MPOEKTHBIX padoT. [1opoii, JOCTATOUHO OTOBOPUTH O MOT0JIE, KWHO
i dyrboe.

Ilocne 3TOrO0  pyKOBOOUTENL  AHAIU3UPYET  IIOJIYYEHHBIE
pe3yabTaThl U aKKyMYJIHPYET HOBBIH ONBIT (IOJOXKUTENBHBIA WIN
oTpULATeNbHBIN) B cBoel «0aze 3HaHui». Kak 310 MOXKeET
MIPOUCXOIUTh Ha TNpaKkTHKe, OyAeT Aajnee MPOMIUIIOCTPUPOBAHO Ha
IIpUMepax.

UeM onbITHEH PYKOBOJIUTEIb, TEM TOUHEE OH MOXET PACIIO3HATH
U KJIacCU(UIMPOBATh CIIOKHUBILYIOCS CUTYAIHIO, TEM OOJIbIIE B €r0
«ba3e 3HaHWIl» MNPELEeNeHTOB, HCIOJb3Ysl KOTOpbIE, OH MOXET
CHHTE3MPOBaTh pEIIeHHe M JAHHOTO KOHKPETHOTO Ciydas.
VIMEeHHO TO3TOMY B yNpaBIEHHH MPOTPAMMHBIMH TIPOCKTaMHU B
MIEPBYIO0 OuYepeqb IICHUTCS ONBIT PYKOBOJIUTENS M TOJBKO TOTOM,
BO3MOJKHO, €TO 3BaHUS U 3HAHMS.

1-1 3apaya aganTuBHOrO ynpasJjenus. Odecne4yursb
3(pexTUBHOCTH KAKI0I0 Y4ACTHHUKA

Jnst Toro 4toObl Baml COTPYIHHK MO 3((EKTHBHO PpEIIUTb
MIOCTAaBJICHHYI0 BaMHM  33/a4y, HEOOXOJMMO ¥  JOCTaTOYHO
BBITIOJTHEHHE YETHIPEX YCIOBHUI.

Mpunamnn 2. «4 ycnosus 3¢ GeKTUBHON padoTh.

1. Tlonumanwue neneit pabOTEHIL.
2. YMeHmUe ee 1enaTh.

3. B03MOXHOCTb ee cyienaTsb.
4. JKenanue ee cuenark.
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Jns  Toro dYToOBI OOECHEYMTH BBINOJHEHHE JTHUX YCIOBHUA,
PYKOBOIMTENb IOJDKEH YMEThb 3(P(EKTUBHO BBHINOIHATE YETHIPE
GbyHKIMN.

Hpunnun 3. «4 GyHKIAN pyKOBOAUTEISD).

1. HanmpaBmsate. Ecnm coTpygHHK HE IIOHHMAaeT dTO
JenaTh, 3a/7a4a PYKOBOAMTENSA - OOECIEYHTh olIiee
BUJICHHE IIEJIEH U CTPATETUH UX TOCTIDKCHUS.

2. OOyuatre. Ecmm coTpygHMK He yMmeeT, 3ajada
pykoBoauTENsT — «0Oy4aTh», OBITh HACTaBHHUKOM U
00pasoM JUIs OpaXKaHusL.

3. Ilomorars. Ecnm y coTpynHnka HE MOXET BBIIOIHHUTH
paboTy, 3amada pYKOBOAWTENS —  «IIOMOTaThy,
o0ecrieunTh MCHOJHUTEIS BCEM HEOOXOIMMBIM, yOpaTh
TIPETSITCTBHSA C €T0 MyTH.

4. BpnoxsoBmare. Ecnm y coTpynHMKa HE JOCTaTOYHO
KEJTaHUE BBIIOJHUTH PadOTy, 3ahada PYKOBOAUTEIS —
«BIOXHOBUTH», OOECHEUYNTH aJECKBATHYIO MOTHBAIHIO
YYacTHHKA Ha MPOTSHKEHUH BCETO TPOCKTA.

[Tpumep. «XodeT 1 MOXKET, HO HE JIeJIacT»

Curyanus. [IporpamMmuct ctpemurcs HaliTH HamOoiee obmiee
pelieHne  3aJavd, ydYecTb BCE BO3MOXKHBIC — IOCIIEYIOIIHE
n3MeHeHnss W pacmmpenus. CrapaeTrcs pa3paboTaTh CcaMbli
ObICTPBIH ~ aNTOPUTM, TpeOyromMi MHHHMAIbHBIX PECYPCOB.
Hcnonp3yeT B pemieHWH BCe JydllMe NPaKTHKH, MATTEPHBI
IIPOEKTUPOBAHUS, CAMbIE HOBbIE HHCTPYMEHTHI.

Knaccudukanms.  HeompaBnanHoe — ycloXKHEHHE — 3a/1auu.
[IporpaMmucT  HeaJeKBaTHO IOHMMAaeT ILEId NPOEKTa U
NIPUOPHUTETHL. B pe3ynbrare cTpeMiIeHHs. K COBEPILEHCTBY - HHU3Kas
MIPOM3BOIUTENBHOCT. /15l BEITOJHEHHS pabOTHl B CPOK ITOCTOSIHHO
HE XBaTaeT BPEMEHHU.

Pemenne. Hanmpasnsare. bonee yetko ¢dopMmynupoBaTh Leld H
paccTaBisATh NpPUOPHTETHL. OnpenesuTh KOHKPETHBIE KPHUTEPUH
OLIEHKM KadecTBa pe3yibTaTa. HanenusaTh mNporpaMmucra Ha
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NPaBUJILHOE PEIICHHE 33Ja4d MaKCHMAJIBHO IIPOCTBIM CIOCOOOM.
OmbIT CBUIETENBCTBYET, 4TO Oonee yeM B 90% ciydaeB ee He
TIPUIETCS TIepPEIeIIbIBATD.

IIpumep. «Xo4der, HO HE MOKET»

Curyanus. [IporpaMMHCT CBOEBPEMEHHO MPHUXOAUT Ha padoTy.
He otBnekaercs. HactoifumBo paboraer Hajg  peuieHUEM
MOCTABJICHHBIX 3a/1a4. YacTo 3aJep>KUBaeTCs, YTOObI yIOXKHUTHCS B
CpOK. B pesynbraTe CpoKH, KOTOPBIE OH CaM OLIEHUBAET, IIOCTOSIHHO
cpbIBatoTCs. bobiioi npoGieMHbINA KO/,

Knaccudukanus. Y nporpammucta HeqocTaToqHO omnbita. OH He
yMeeT OlLICHUBATh U IUIAHUPOBATh CBOIO paboTy.

Pemenne. YuuTe caMOMy WIM 3aKpElUTh 3a IPOTPaMMHUCTOM
0oJiee ONBITHOTO HACTABHUKA.

W3BecTHO, YTO HM O/HA 3aJaya He OyAeT pelleHa 3a Jodoe,
OTBEJICHHOE Ha 3TO BPEeMsI, €CIIM YEJIOBEK He 3aX04eT ee caenars. OH
Bcerma HaiimeT ansa ompaBaaHus 3Toro 100 «0OBEKTHBHBIX)»
MIPUYHH, BMECTO TOTO, YTOOBI HAiiTH XOTA ObI OJHY BO3MOXHOCTb
JUIS peIIeHUS 3a/1a4H.

VY KaxJI0ro yyacTHHKa pabodedl Ipymiiel JOJDKHA OBITh JIMYHAS
1enp (BHYTPEHHSSI MOTHMBALUS), KOTOPYIO OH CMOXET JOCTHYb,
IpoABHTasi MPoeKT kK ycrexy. Haunure ¢ ce6s! Bam HyXHO YeTko
MIOHNMAaTh, B YE€M COCTOMT Balll BHIMIPHINI B CIy4yae YCIEIIHOTO
3aBepIueHus npoekTa. JJoOUThCA OT YYaCTHHKOB NPHUBEP)KEHHOCTH
MIPOEKTY OOJIBIIIe, UeM HMeeTe BBl CaMH, BaM HE yJ1acTCs.

Ecnu y yuyacTHMKa HeET Takoil JIMYHOW 3HAYMMOHM LEiH,
n30aBpTeCh OT Hero. VMHaue BaMm TpHIETCS IMOTPATUTH BCE CBOE
BpeMsI Ha «IIPOMBIBAHHE €r0 MO3TOBY» U TOMBITKA MOTHBHPOBATH €TO
Ha 3¢ PEeKTUBHYIO PaboTy.

Heo0xonnMo MOMHHTB, 9TO MO XOXy NPOEKTa MOTHUBHI JIIOJAEH,
KaK IIPaBHIIO, I3MEHSIOTCSI.

IIpumep. «MoxKeT, HO HE XOUET»

Curyanmst. [IporpaMmuct umeeT TiyOOKHe 3HAHUS U Pa3sBUTHIN
WHTEJUIEKT, OBICTPO OCBAaWBaeT BCE HOBOE, HAIEJIEH HA pEIICHHE
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TpyAHbIX 3azad. Ilone3yeTcs 3aciy’KEHHBIM aBTOPUTETOM Cpexu
komer. B Hawanme mnpoekTa aKTUBHO BBLABMIAl HOBHIE UJEH,
ybenuTenbHo MX 0OOCHOBBIBAJI, NOOMBAJICS WX INMPU3HAHUS BCEMH.
Haxonun HensBecTHbIE BO3MOXHOCTH, CYIIECTBEHHO COKpaTHBILIUE
TPYOEMKOCTh paboT 1Mo MmpoekTy. B cepeamHe mpoekTa moTepsut
unrepec. Cran «BHUTaTh B OoONakax» M OTBJIEKAThCS Ha M3y4EHHE
KaKMX-TO HOBBIX TexHosoruil. IIoCTOSHHO 3aBaqMBaeT  CpPOKH,
JieTaeT TIyNble OLIMOKHM, HENPOCTHTENbHBIE IUISi €ro OIbITa.
PacxonaxuBaroiiie BO3I€MCTBYEeT HA KOMaHAY.

Knaccudukanus. IIporpammuct koMpopTHO 4yBCTBYeT ceOsi B
pOJIN «TeHepaTopa HIEH» M HE MOTHUBHPOBAH Ha METOJIUYHYIO
peanusanuio.

Pemenune. MotuBupoBats. Hampumep, mooGemars poiib
apXUTEKTOpa, €CJIM JaHHBbII IPOEKT 3aBepLIUTCS ycrewmHo. Minu
MOPYYUTh  POJIb  HACTaBHMKA, IPEIOCTaBUTh  BO3MOXHOCTb
nepeaBaTh CBOU 3HAHUA U YMEHHS MEHEE OIIBITHBIM KOJIIEraM.

IIpumep. «MoKeT, HO HE XO4eT 2»

Curyarust. IIporpaMMHCT aKTHBEH, CaMOCTOSITEIEH, HAIOPHUCT.
ITo nr000My BOIpOCY MMEEeT CBOe COOCTBeHHOe MHEHue. Beerma
cTpeMuTCs ObITh moOenuTeneM B KOH(JIMKTaX. YacTo OleHHBaeT
JPYTUX U yKa3bIBAaeT UM Ha HeJOoCTaTKU. Mcmone3yeT m060ii moBos,
4ToOBl  IPOJEMOHCTPHPOBATH CBOE MNpPeBOCX0ACTBO. CHIIBHO
MIEPeOlIeHUBAeT CBOM JMYHBIA BKJIQA B OOIee AeI0 U MO3TOMY
CYMTAeT, YTO OH JOJDKEH pPaboTaTh MEHBINE, YeM ero «MeHee
CHOCOOHBIE» KOJUIETH.

Knaccupukarmus. YemoBek —  3rOMCT, JOCTUT  JIMYHOM
HE3aBHUCHMOCTH, HO HECII0CO0EH K KOHCTPYKTUBHOMY
B3aNUMOIEUCTBHIO. Bpenno BO3/ICHCTBYET Ha KOMaHJy.

CaMooIIeHKa, CKOpee BCEro, HealeKBaTHO 3aBhIIICHHASI.

Pemrenne. M36aButbes. Ecii HeT Takoi BO3MOXKHOCTH, HAWTH
JUTSE HETO YeTKO CHenu(pUIHMpOBaHHYIO, W30JMPOBAHHYIO 33134y,
KOTOpasi He HaXOJIUTCS HAa KPUTUYECKOM ITyTH TpoekTa. MIMeTh mos
PYKOM IpyTroro CHEeUuancTa, KOTOPBIA CMOXKET PEIIUTh ATy 3a7a4y,
KOT'/1a oTpedyeTcsl.
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2-11 3aja4a aanTUBHOrO ynpasjenus. Odecneyurs
3¢ pexTHBHBIE IPOLECCHI B3aMMOACHCTBUSA

B orpacnu mporpaMMOCTpOEHHsST MHOTHE Y€ INPH3HAIU, 4YTO
Haunboee 3¢ peKTUBHBIE MIPOHU3BOICTBEHHBIC MPOLIECCHI
CKJIJbIBAIOTCSI B CaMOYNPABISIEMBIX W CaMOOPTaHU3YIOLIUXCS
pabouynx KoMaHnaX, Ui KOTOPBIX XapaKTepHbl SCHOCTH OOLIMX
LEHHOCTeW W LeleH, CaMOKOHTPOJIb, B3aMOIIOMOIILb,
B3aMMO3aMEHSIEMOCTb,  KOJUIEKTUBHAS OTBETCTBEHHOCTh 32
pe3ynbTaThl Tpyda, BCEMEPHOE pa3BUTHE U  HCIOJIb30BaHUE
WHIIMBHUYAJILHOTO U TPYIIIOBOTO MOTEHIHAIOB.

O¢ddexTuBHBIE KOMaHIBI HE O0Opa3ylOTCs caMu MO cede, OHH
KPHUCTaJUTU3YIOTCSI BOKPYT NpU3HaHHOTO Jjujepa. Kak He ObiBaer
muaepoB Oe3 mocienoBaTesci, Tak M He ObIBacT KOMaHi Oe3
quaepoB. Ilo3ToMy nepBbli IIAr PYKOBOAMTENSL IIPU CO3LAAHUU
(G QEKTUBHON KOMAaHJBI - 3TO CTaTh JHIEPOM, BOKPYI KOTOPOTO
CMOXET CIUIOTUTHCS pabo4YHii KOJIJICKTUB.

Hpuaoun 4. «lIpunamun  gunpepctBa».  PykoBoautemio
MpOrpaMMHOTO  MPOEKTa  HEZOCTATOYHO OBITH  XOPOIINM
YIipaBJICHUEM, OH JOJI)KCH CTATh NPHU3HAHHBIM JIMACPOM.

Jlunepa Henmp3s Ha3HauMTh. Jlujmep momKeH OBITH TpU3HAH
KOJUIEKTHUBOM. YTOOBI PYKOBOAUTEIIb IMOJYYHUII TPU3HAHUC B
Ka4yeCTBE€ Jinaecpa, HCO6X0}II/IMO BBITMIOJIHCHUE CJICAYIOHNIUX JBYX
YCIJIOBHIA.

1. Tlpuznanwue KOJIJIEKTUBOM npoQeCcCHOHATBHOM
KOMIIETEHTHOCTH U NIPEBOCXOICTBA PYKOBOIUTEIIS.

2. TlonHoe noBepHe KOJJIGKTUBA K JICHCTBUSIM W pELICHHUAM
PYKOBOIUTEIIA, IpU3HAHUE €ro HUCKIIFIOYUTCIIBHBIX
YeNIOBEYECKNX KadyecTB, YOEKIEHHOCTh B €ro YeCTHOCTH,
MTOPSI0YHOCTH, BEPa B €ro HCKPEHHOCTh U T0OPOCOBECTHOCTD.

Jns  Toro uToObl TONYYHWTh TMpHU3HAHUE, €CIH, KOHEYHO,
PYKOBOIWTENs €ro OOBEKTHBHO 3aCIy)XHBaeT, OH JOJDKEH
HCIOJIB30BaTh MPUHIUIT HOMEP 5.
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Hpuamun 5. «4 crpaterun nuaepa». He cymectByer onHoit
JIy4dlIel cTpaTeruu pyKOBOJCTBA. B 3aBHUCHMOCTH OT TOTOBHOCTH
YYACTHUKOB paboyell TPyMIbl BBHIIOIHATH 3aJaHUS PYKOBOIUTEIS,
OH JIOJDKEH MCIIOJIb30BaTh OHY U3 4-X cTpaTerui [2]:

1.

S1. «/lupexTuBHOE yrpaBjieHHe». PykoBoaAMTEIh TOBOPHUT,
YVKa3bIBaeT, HampaBlsieT, YycTaHaBiauBaeT. JKecTkoe
Ha3HAUCHUE pPabOT, CTPOTUH KOHTPOJIb CPOKOB H
pe3ynbTaToB.

S2.  «OOwsicuenusi». Jlumep '"mpomaer", 0OOBACHSET,
nposicasier, yoexmaer. CoueTaHue TUPEKTUBHOTO U
KOJUIEKTUBHOT'O YIIpaBJICHHUS. OOmwsicHeHHE CBOUX
peLICHU.

S3.  «Yuwacrtue». Jlumep  ywacTByeT,  IOOLIpSET,
COTpYIHHYACT, IPOSBIAET IPEAaHHOCTb. IIpuopureTHOE
KOJUIEKTHBHOE NPUHATHE pElIeHUil, OOMEH uIesIMH,
NOAACPIKKAa MHUIIUATHUBBI MOAYNMHCHHBIX.

S4. «llenerupoBanuey». Jlumep nenerupyer, HaOIIOIACT,
obcnyxuBaeT. «He Memate» - NacCHBHOE YIpPaBJICHUE
chopmupoBagsierocs auaepa.

ITpumep. «CUTyallnOHHOE JTUIEPCTBOY»

1.

Curyarst. Bac HasHauMiam pyKOBOJHUTEIEM B HOBBIH
KOJUIEKTUB. BBl elle He NOMydyumnu NOpU3HAHUS, a JeJo
nenats Hano. Pemenuwe. Crparerust S1. «/lupexTrBHOE
YIPaBICHUE.

Curyarmst. Ber  Obtm ydacTHHKOM KoMaHAbl. Bac
HAa3HAYWIM PYKOBOJIUTEIIEM 3TOM KOMaHJbl. JloBepue ecTb,
a YBEPEHHOCTH B NPABUIILHOCTH BalllMX JACHCTBUNA HET.
Pemenne. Crpaterus S2. «OObSICHEHUS.

Curyarst. Bac HasHaumiam pyKOBOIOHWTEIEM B HOBBIH
KOJUIEKTUB. Bce 3HalT 0 BalluxX MNPEXHUX CIOXKHBIX U
YCHEIIHbIX IIPOEKTax. Bce NIPU3HAIOT Balle
MIPEBOCXOJICTBO, HO J0Bepus K BaM HeT. Hukro He 3Haer,
KaKOH IeHOW OBUIM JOCTHTHYTHI Bamy moOensl. Pemrenue.
Crparerus S3. «Ydactue».
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Curyauus. Mexny BaMM M y4acTHHKaMH YCTaHOBIICHO
B3aUMHOE J0BepHe. Bce N0oCTaTouHO MOTHBHMPOBAaHBI Ha
ycmex mpoekra. Kaxnaeli cam  cebe  MOXeT OBITh
PYKOBOJUTEIIEM. Pemenue. Crparerus S4.
«JlenerupoBanue».

Maio craTh JUIEPOM, HAJAO CIIC CYMETh CIUIOTUTHh KOJUICKTHUB.
DKcrmepThl B 007aCTH KOMaHIHOTO MCHEIDKMEHTAa BBIICIAIOT 4
00s13aTeNIbHBIC TOCIICIOBATEIIbHBIC CTAIUH, Yepe3 KOTOPHIC MODKHA
npoiiTu pabouas rpymmna Mpexae, YeM OHa CTaHeT 3(PQPEeKTHBHOIM
KOMaH/IOH, 3TO:

1.

Forming. ®opmuposanue. Xapakrepusyercs H30BITKOM
SHTYy3Ma3Ma, CBA3aHHOIO C HOBHU3HOHU. JIoAM NOMKHBI
NPeoJoNIeTh BHYTPEHHUE NPOTHBOpEYHMsi, mepeboseTh
KOH(JIMKTaMH pexe, yeM copmupyercst
JICCTBUTEIILHO CIIASHHBIN KOJUIEKTHB.

Storming. Pa3znornacust 1 KoHGIUKTBL. CaMblii CIIOKHBIA 1
onacHblil nepuoj. MoTuBalys HOBHU3HBI YK€ Mcuesla, a
CHWIIBHBIE M TIyOOKHE CTHMYJBl Y KOMAaHIBI eIle He
mosiBUINCh. Hensz0e)xHple CIOKHOCTH WM HEyAadyH
MOPOXKIAIOT ~ KOH(JIMKTBI M «HOUCK  BHUHOBHBIX).
Y4YacTHUKM KOMaHABI METOJOM TMpo0 ¥  OMMOOK
BbIpabaTeiBatlOT  HambOonee A(G(GEKTUBHBIE  MPOIECCHI
B3aUMOJECHCTBUSL.

Norming. CraHoBneHue. B komaHzme pacteT poBepue,
JIOAM HAa4YMHAIOT 3aMedaTh B KOJUIerax HE TOJBKO
MpoOJIeMHbIe, HO U CHJIBHBIE CTOPOHBI. 3aKpeIUIIoTCA |
oTTauuBaroTCs  Hambonee  A(PQPEKTUBHBIE  TPOIECCHI
B3amMozeiicteua. Ha cmeny OwTBe aMOMIMI TPHXOIUT
MIPOAYKTUBHOE COTPYAHUYECTBO. Yerye CTaHOBHTCSH
paszeneHue Tpy/a, ucuesaeT 1yonupoBaHue ()yHKIHH.
Performing. Otmaua. Komanma pabotaer 3ddexTnBHO,
BBICOK KOMAaHIHBIM IyX, JIOIM XOPOIIO 3HAIOT APYT Apyra
U YMEIOT WCIOJBh30BAaTh CHJIBHBIE CTOPOHBI Koyier. Bce
CTpEeMATCS  IPUACPKHUBATHCS  BBIPAOOTAaHHBIX  OOIMIMX
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nporeccoB. BrICOK ypoBeHb noBepus. DTO JTyUIIUil Iepuoa
JUISL pPaCKPBITHS UHAUBUIYaNIbHBIX TaJTaHTOB.
Yacto cmydaercs, 4yro pabodas rpylmna BsI3HET Ha OJHOH U3
cTaiuii ¥ HUKOIJa HE  JIOCTHUraeT IJIaTO  HaMBBICIICH
IIPOU3BOIUTEIBHOCTH.

IIpumep. «lllymuxar»

Curyarust. YacTele CMEHBI NPHOPUTETOB 3afad. CHopsl O TOM,
YTO HAJO JIeNaTh, a YTo He Hajgo. COMHEHMS B PEaIbHOCTH CPOKOB.
HenoBonscTBO OTCyTCTBHMEM mporpecca. MHOro BOIPOCOB IO
Ka)KJOU 3a/aye.

Knaccudukanms. Komanna Haxomurcss Ha TEpBOM  dTame
oOpazoBanust — «O0beauHEHUEY. {enu u cTpaTterus ux JOCTHKEHUS
HE SICHBI U HE MIPUHATHI BCEMY YYaCTHHKaMH KOMaHIbI.

Pemenne. Crtpateruss Sl.  «/lupekTuBHOE  ympaBJICHHEY.
OYHKIUN: «HANPaBIATH» MU «IIOMOTaTh». UeTKo CTaBUTH LEIU U
(GopMynHpOBaTh CTPATETHI0O HMX JOCTIIKEHHUS. Y CTaHABIMBATh
MIPOEKTHBIE MPOIEAYPHl PACHpeAeisATh POJUM U pa3rpaHHIUBATh
30HBI OTBETCTBEHHOCTH.

[Mpumep. «Criopbl U TUCKYCCHNY

Curyauus. Ha coBenianusix OecKOHEUHbIE HEKOHCTPYKTHBHBIC
CHOPBI U JUCKyccuU. [10CTOSIHHO JOMHHUPYIOT OJJHH U T€ )K€ JIMIA.
Jlpyrue mnpeanovnTaloT OTMaluyMBaThCS. MHEHHs BBICKA3bIBAIOTCS
kak oObekTHBHBIE (hakThl. «Ha camom nene 3Ta 3amava peuraercs
TaK...!» IloCTOSHHO malOTCS OIEHKH. «IJTO BCE HEMPABHIBHO!»
«910 Bce He BaxHo!» llpucyrctByer arpeccusi «Tbl, TpocToO,
HUYETO HE MMOHUMAETIh!». «A ThI pa3Be He 3Haelllb, 4To...!»

Knaccudpukarmus. Komanga Haxomures Ha cranuu «PasHormacus
U KOH(QIHKTBD. OtcyrctBHe  KynbTypel  3(eKTHBHBIX
KOMMyHUKauil. Heymenue ciaymars U CiblIaTh.

Pemenne. Ctparerust S2. «O0bsacHeHUs». DYHKIMH: «00ydaTh»
n «momorartb». CraTh AN KOMaHABI 00paznoM 3(PQEeKTHBHOTO
B3aumoyeiictBus.  KoOHQUUKTBI ~ HEoOXOIUMO  pa3pyiuBarth
CIIOKOIHO, TEPIIEINBO M TIIATEIHHO.
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IIpumep. «I'pynnomMsiciue»

Curyanus. JleBu3 y4acTHUKOB npoekTa: «/laBaiite paboTath, a He
koH(ukTOBaTh!» Bee crapatoTcs u30eratb  KOH(IUKTOB H
NoJiIepKKUBaTh cornnacue. Kak mpaBmio, HUKTO HE CIOPHUT, Bce
COTJIAIIAIOTCS] C MHEHHEM PYKOBOAMTEIS U CICIYIOT €r0 YKa3aHUsIM.
[Ipyn BO3HMKHOBEHHMH TPYIHBIX CHTYAIMH, BCE XIYT PELICHHUS OT
pykoBoauTens. Penkume mpoTMBOpeuMs —paspemiaoTcs  00mmuM
TOJIOCOBAHUEM.

Krnaccudukanus. B ncuxonornu nonodHas cuTyanus Ha3blBaeTcs
«[Tapagokc AOummHay. JIoau NPUHUMAIOT pEIICHUs,, OCHOBaHHBIE
HE Ha TOM, YTO OHHM CaMH XOTSIT, HO Ha TOM, YTO OHM JyMaloT, YTO
Jpyrue XoTsiT. B pesynbrare mojydaercsi, 4TO KaXkKAbli JelaeT 4To-
TO, YTO HUKOMY Ha caMOM Jejie He HyxHo. [logoOHoe m3beranue
MIPOM3BOJICTBEHHBIX KOH(IMKTOB CHMXKAeT 3JI0POBYIO
MHTEJJICKTYalbHYI0 KOHKYPEHIMIO, BENEeT K MLIa0JOHHOCTH U
3aCTOI0.

Pemenne. Crparterust S3. «Yyactue». OyHKUMH «IIOMOTaTh» U
«BIOXHOBJIATHY. LleneHanpaBieHHO MOTHBUPOBATh HHAKOMBICIIHE U
WHTEJJICKTYalbHYI0  KOHKypeHuuto.  Hampumep,  Ha3zHayath
PELIEH3eHTOB — KPUTHKOB, KOTOPBIE JIOJDKHBI HaWTH ciadble
CTOPOHBI B DEIICHUY, IpearaeMoM HX KOJJIEerod ais oOliero
oOcyxaenust. I nopyduTh IByM pa3paboTUMKaM PEUIMTh OJHY U
Ty JK€ KPUTHUYHYIO JUIsi TpOEKTa 3ajauyy, HCIONIb3ys pa3Hble
MOJIXOJIBI WJIM TEXHOJIOTHH, & 3aTeM IOPYYHUTh CPABHHUThH U OLICHUTH
MOJyYeHHBIE Pe3yJIbTaThl TPEThEMY KOJIIere.

IIpumep. «MeHemxep N0JKEH 3aHUMATh 04epeab. .. »

Curyammmss. Hu omHO mpemyaraemMoe yYacTHHKOM KOMAaH[BI
peleHne He MpUHUMaeTcs Ha Bepy. Bcee TpeOyroT dakTel s ero
000CHOBaHMA. AKTHBHO aHAJIM3UPYIOTCS BO3MOXKHBIC HETaTHBHEIC
MOCTE/CTBUSI WM YIYIICHHBIE BO3MOXXHOCTH TIIPH PHHATHH
pemenns. KoHGIUKTB HOCAT MCKIFOUNTENHHO MPOU3BOACTBEHHBIIN
xapaktep. Ilpm pemeHMM KOH(PIMKTOB aKTUBHO  HIIyTCA
B3aMMOBBITOJIHbIE BO3MOKHOCTU. ['oBOpsi cmoBamu Toma Jlemapko,
«MEHeIDKep TpoeKTa JOJDKEH 3aHWMaTh  oO4Yepedb, HYTOOBI
MTOKPUTHKOBATH COTPYIHUKA, HE BBITIOJIHSIONIETO CBOHM 00CIIaHU.
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Knaccudukanmsa. Komanpma nHaxomurcs Ha cramum «Otaaday.
HaxkoHen-To, oHa JOCTHIIIA TUIATO HAaUBbICHIEH () ()EKTHBHOCTH.

Pemenne. Crpareruss S4. «/lenerupoBanue». @DyHKuuu:
«HANpaBIAT» W «BIOXHOBIATHY». llomnepxuBare TpeOyeMmblit
YPOBEHb MOTHBalUM. BBITH IITYypMaHOM, HUCKaTh HOBBIE NYyTH U
OTKpBIBaTh HOBBIE BO3MOXXHOCTH. [locTossHHO HaOdOgaTh U
oueHuBaTh 3()(HEKTUBHOCTH BCEX IPOIECCOB, INMPUMEHSEMBIX B
npoekte. VickaTb OTBET Ha Bompockl: «UTO InuIIHEe MBI AenaeM?»
«4to MoxHO fenate mnpoime?» «UTo yrpokaer MNpoeKTy?».
PabotaTh Ha CoKpallleHHe HEHYXXHBIX YCHJIMH BMECTO TOTO, YTOOBI
«CTPEMUTHCS K HOBBIM F€pOMYECKUM HOJBUTAM.

Ecnmu pykoBomuTens He OyleT mnpmiaraTe IONOJHHUTEIbHbIE
yCWJIUSL KOMaHJa, PaHO WM IO3JHO, HAYHET «CIO0J3aTb» C ILIATO
HauBhICIIeH 3((GEKTUBHOCTH B COCTOSIHUE 3aCTOSl M CTarHalUu
(Pucynoxk 2). [ToMHHUTE, YTO OKPYKECHHE M KOMaH/a HU3MEHSIOTCS TI0
xony mpoekrta. [IpexkHsst MoTHBaims ocnabeBaeT WM IEpecTaeTr
JICICTBOBATb.

Hpunuun 6. «[IpuHnun HUKANYHOCTH». 4 CTaaAUUd Pa3BUTHUS

KOMaH/Ibl JIOJDKHBI IUKIIMYECKH TOBTOPATHCS, 4TOOBI 00ECHeuuTh
HeNpepbIBHBIA pocT 3 (HhEeKTUBHOCTH.
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Pucynok 2. Reforming. «BerpsaxuBanue» u mepeBo KOMaHIbI
NMPOEKTA HA HOBBIH YPOBEHb NPOU3BOIUTEIbHOCTH

W3mensiite npaBuia u nporecckl. OTKa3pIBaiiTeCh 0T TOT0, YTO
nepectaio JeWCTBOBaTh WM cTajlo paboTath Hed(deKkTHBHO.
«Bcrpsixusaiite» (Reforming) u Bo3Bpamiaiite KOMaHIy B CTaIHIO
Forming. DTto mo3BOJMT el CHOBa, OPOMIA dYepe3 BCE OTaIlbI
CTaHOBJICHU, BBITH Ha HOBBIM 0oJee BBICOKHH ypOBEHBb
MIPOU3BOIUTEIEHOCTH.

Pasymeercs, nenarb 3TO CIELyeT, MOCIE CHAYM OYEPEIHOTO
penu3a MpPOrpaMMHOIO MPOAYKTa, HYy H, BO3MOXHO, B Cllydae
IIIy6OKOTO KpU3nca MPOEKTa.

3akaouenue

Panee MBI roBopuiM, YTO Pe3yabTATOM YIPABIEHUS MPOEKTOM
SIBIISIFOTCSI:  COOTBETCTBHE CIELM(UKAIMAM, CPOK M  OIOJKET.
YTBepxIal0, YTO y YCHEIIHOTO MPOTPaMMHOrO HPOEKTa JOJDKEH
ObITh eme OJWH, YETBePTHI pEe3yNbTaT: KaXKABIH YYaCTHHUK
KOMaH/Ibl yxoaui ¢ padotsl B 18:00 ¢ yyBcTBOM mobenpl. YyBcTBO
nmobeapl — 93TO YYBCTBO YJOBOJBCTBHS YENOBEKa, KOTOPBIH
npubIMKaeTcs K CBOEH LeNd. A BCe, YTO YEJIOBEK JIeNIaeT C
yJIOBOJILCTBUEM, OH JIETAET MAaKCUMAIILHO 3(h(PEKTUBHO.
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HNpunmun 7. «[Ipusanun nobenureneii». IIporpaMMucT cocTouT
U3 YeThIpEX KOMIIOHEHTOB: TEJNO, CEPILE, pa3yM H Ayla.

1. Teny HeoOXOAUMBI IEHBI'H U O€301aCHOCTb.

2. Cepauy - 1000Bb U IPU3HAHHUE.

3. Pasymy — pa3zBuTHE U CAaMOCOBEPILECHCTBOBAHHUE.

4. Jlyme — camopeanu3anusi.

[IpenocraBbTe BCE 3TO BAalIMM COTPYIHHKaM, M 3((HEKTUBHOCTD
HX TPyZa BO3pacTeT MHOTOKPATHO.

B npoTuBHOM cityuae JIt011, KOTOPBIE XOTAT MOOeXIaTh, HAHIyT
BCE 3TO B JpYrod KOMaHAe, a B Ballell OCTaHYTCS TOJIBKO
HEyJayHUKU.

CcblIKHN

[1] Y.P.Duibu “Beenenue B kubepuetuky” M, UJI, 1959
[2] Hersey P., Blanchard K.H. “Management of Organizational
Behavior”, 6th ed., Englewood Cliffs: Prentice-Hall, 1993.
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iCarnegie curricula remote delivery in Russia: the
first results

Dr. S.V. Zykov, Ph.D.
TEKAMA Ltd.
4, 2nd Roshchinskaya St. 115191 Moscow Russia
E-mail: sergey.zykov@tekama.com

Abstract

Carnegie Mellon University is a leader of IT education in the
U.S.A. Though Carnegie Mellon curriculum has been implemented
in quite a number of major and rapidly developing IT countries, its
educational model has not become well known in Russia yet. The
purpose of the paper is to discuss the problems and results of the
first Carnegie Mellon remote delivery implementation in Russia.
Also, an innovative approach to remote delivery of the curriculum is
presented, which is a pioneering experience world over.

Keywords: Software development, information technology, remote
education.
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HepBbIe HUTOI' JUCTAHIIUOHHOI'0 oﬁyqennﬂ mo
nporpamme iCarnegie B P®

C.B. 3bIkoB, K.T.H., 101. I'Y-BIIIJ
000 «TEKAMA»
115191 P®, MockBa, 2” Pomunckast yJa, 4
E-mail: sergey.zykov@tekama.com

AHHOTANHSA

Vuusepcurer Carnegie Mellon — Begymmii By3 CIIA B
obnactu MHQOPMANMOHHBIX TexHOJOrHA. HecMmoTps Ha TO, 4TO
OpOrpaMMbl ~ TOTO  y4eOHOrO  3aBEACHWsS — peaju30BaHbl U
BOCTpeOOBaHBI B  L[EJIOM  psae  KpymHedmmux u  OypHO
Pa3BHBAOIIUXCST HHPOPMAIHOHHO-TEXHOJIIOTHYCCKHX JIEPKaB MHpA,
B Poccun wmomenp oOydeHHss M[OKa HE MONyYMia IOJDKHOM
u3BecTHOCTH. Llenb HACTOsIEeH CTaThH — H3NMOKCHHE IPOOIeM U
pE3yIbTAaTOB TIEPBOTO BHEAPCHHS MHCTAHIIMOHHOTO OOyYEHHS II0
nporpamme Carnegie Mellon B Hameii ctpate.

KaroueBble ciioBa: Pa3paboTka mnporpamMMHOTo o00ecredeHus,
nH(pOpMaMOHHbBIE TEXHOJIOTHH, TUCTAHIMOHHOE 00pa3oBaHue

1. Beeaenmue

VYuusepcurer Carnegie Mellon HeoaHOKpaTHO mNpU3HABAJICS
ogHuM  u3  Jayuymmx By3oB CIIIA no  HampaBiieHHUIO
HHOOPMALMOHHBIX TexHoyoruil. K cokaneHuto, B Hameil crpaHe
9TOT By3 MOKa HE JOCTaTOYHO INMPOKO u3BecTeH. Hacrosmias
paboTa CTAaBUT LEJNBI0 NPEICTaBICHHE TPYIAHOCTEH HOBATOPCKOTO
nporiecca BHenapenuss kypcoB Carnegie Mellon B  Poccun,
MOKa3bIBasi MepBOHAYANBHBIE pe3ynabTarsl mpoekta iCarnegie [1] —
BHEJPCHUsT ¥ ajanTaiuud VHTepHET-OPUeHTHPOBAHHBIX KYypCOB
Software  Systems  Development (SSD). Kpome  Toro,
paccMaTpuBaeTcs  MOAXOJ K  TOCTAHOBKE  JHCTAHIIHOHHOTO
00yUeHHsI [0 3TO# IporpaMme, MPEIIPUHSITHIN BIICPBbIE B MHpE.

2. Ocobennoctu yueoHHoii Mmogenn iCarnegie

[MpuHIMIMANEHO HOBask MOJIENb OOYYEHHMS BKIIIOUAET TECHYIO
oOpaTHyI0 CBsI3b C pa3padOTYMKAMU KypcOB. YHHKaIbHOCTb
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0o0yc/IOBICHA ~HMHCTUTYTOM MEHTOPOB — HACTaBHUKOB IS
IpernojaBaTeneil, a Takke KypaTOpOB IMOATOTOBKH Kypcos. Ilpu
9TOM B@KHOH OCOOCHHOCTHIO MEHTOPOB, HEOOXOJUMOH  JUIs
KOPPEKTHOTO (pyHKIIMOHUPOBAHUS 3TOH 0OpaTHOM CBSI3H, SIBISIETCS
TECHOE, HEeNpEepbIBHOE OOIIEHHE CO CTYACHTaMH, IJle MEHTOPBI
BBICTYNAIOT B POJIX (PSIIOBBIX) IIperoiaBateneii Kypea.

Hpyroii mHTEpecHOW OCOOEHHOCTBIO SBISAETCA IOCTOSHHAS
JVHAMHUYEcKasi MOJCTPOiiKa cofepikaHusl KypcoB II0J TTIOTPEOHOCTH
ayautopuu. [Ipyu TakoM HMOAXOZE 3aHSATHE COCTOMT M3 HECKOJIBKHX
(00br9HO 2-3) MuHH-TeKIHHA 1o 15-20 MUHYT, ImepeMeKaroIiXcs,
0 Mepe HEOOXOAWMOCTH, NPAKTUYECKUMH 3aHATHAMH  JUIS
WITIOCTpAInU 1 0oJiee TTyO0KOro yCBauBaHMs MaTepHaa.

Takum 00pa3om, Kypchl HAXOJATCSL B COCTOSIHUM HETIPEPHIBHOM
JUHAMUYECKOM ajganTanu K MOTPEeOHOCTSIM AayAUTOPHH IO
HECKOJIbKUM MapajuIeTbHBIM «KaHajlam» (MHCTPYKTOPBI, MEHTOPBI,
pa3paboTYMKH, HHIYCTPUS), YTO CYIIECTBEHHO YJIy4IIaeT KauyecTBO
3HAHUH Ha BBIXOJIE.

Bricokas creneHb 0€30HaCHOCTH M HaJEKHOCTH CHCTEMBI
JOCTaBKM W  YIpaBJICHHS KOHTEHTOM KypCOB  ITO3BOJISIET
MIOJIICP)KUBATh aalTUPyEMBbIe ITOTIOJHEHUSI y4eOHBIX MaTepuasoB
(;mexunm, Ta00paTopHBIE YIpaKHEHUS, TECTOBBIC u
9K3aMCHAIMOHHBIE BOINPOCHI M TNPAKTUYECKHE 3aJaHus W JAp.) B
pexxume 24/7 ¢ BO3MOXKHOCTBIO TIEPCOHATTM3UPOBAHHON KOPPEKIHH
COJIepKaHHUS.

IIpu 3TOM BakHEHIINE IPUHIMITEI 00Pa30BaTENBHOTO MOAX0Aa
iCarnegie BKIFOYAIOT:
®  THIATENBHBIM MOAOOP TEOPETUUYECKUX MaTepHaNIOB (10 MHEHHIO

xyprana US News, Yuusepcurer Carnegie Mellon seusercs

«ryurreit B CIIIA nikomoit Computer Science»)[2];
®  IMPOKOE MCTONb30BaHue MHTEpHEeT-TEXHOIOT HiA;

e OIM30CTb TEMAaTUKH W YCJIOBHUS BBINIOJHEHHS INPAKTHYECKHX

YIpaXHEHUH K peabHON paboTe OyayIinX BBITYCKHUKOB.

3. TIloaroroBka caymarelei

BaxneWmmM ymeHHEM, NpHOOpETaeMBIM CTYACHTaMH KypCOB
(B Xolle W MO OKOHYaHHWH OOYYEHHS) CTAHOBHTCS CKJIOHHOCTH K
METa00y4EeHHUI0, YTO pEaju3yeT W3BECTHBIH NPHHIUI COBETCKOI
IITKOJIBI: «YUHCh YIUTHCS!».

BaxHO OTMETHUTB, YTO meJIeBast MPaKTHIECKask HAIPaBICHHOCTh
KypCOB IIPUBOAUT K JOMHUHUPOBAHUIO TPAKTUKU Haj Teopuel. Tak,
BPEMEHHBIC pPaMKH IPAKTHYECKHX pabor (y1abopaTopHble |
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CaMOCTOSATEIIbHBIE YIpaKHEHUS, 3aJaHus, 3a4eTHO-
9K3aMEHAllMOHHBIE MCIBITAaHUS U JAp.) N0 MEHbLIEH Mepe BIBOE
MIPEBBIMIAIOT 00BEM TEOPETUUECKOH COCTABIISIOMICH.

Benymas «mkonma kombroTepHeIXx Hayk» CIIA  xopomo
MOHUMAET U cTporo JuddepeHIupyeT TeOPEeTHIECKYIO aTPopMy
computer science u mpukiamHo# acmekt Software engineering,
oTAaBas B JAaHHOM CiIydac HPHOPUTET TIOCICTHEMY, B CHILY
HEOOXOIUMOCTH HCTIOTH30BAHUS pe3yIBTaToOB oOy4deHus
HETIOCPEJCTBEHHO B OM3HEC-TIPAKTHKE.

4, Oo0ecneyeHne KayecTBa

B nomonHeHne K KadyecTBY KOHTEHTa KypCOB, OOYCIIOBJICHHOMY
Beayuiei poJbIO YHuBepcurera B HHPOPMAIUOHHO-
TEXHOJIOTHYECKON (nT) oTpaciu CIIA, 0COOCHHOCTH
UCTIONb30BaHMs MHTepHET-cpeibl Ial0T TaKUe IPEUMYIIECTBa, KaK:
e  enuHas OpraHu3aLys CaMOJI0CTaTOYHBIX, JIETKO
KOPPEKTHPYEMBIX TeTEpPOreHHBIX MaTepHalIoB (IIPOrpaMMHOE
obyuenne (I[10) k KypcaM W WHCTPYKIHH TO €r0 yCTaHOBKE,
(OpPMBI KOHTPOJIA yCIIEBAEMOCTH, MYJIbTUMEINA-IUTIOCTPALIUH,
WCXOJIHBIC TEKCTHI JIEKIuH, Oubnmorpadus u T.n.) B (opme
(Tumep)Tekcra;
®  TIOCTOSTHHAS OCTYIHOCTH (24/7/365);
® JIErKOCTh THPKUPOBAaHHS MaTepPHAIOB KypCOB, BKIIIOYas
NepeBO/ Ha MHOCTPAHHBIE S3bIKH.
Bbicokue cTaHaapThl KayecTBa, MPEbsIBIsEMbIE YHUBEPCUTETOM K
nporpamme, HIO3BOJISIFOT obecrieuuThb CTaH/apTU3ALINI0
TEPMHUHOJIOTHH, OCYIIECTBUTH TINATEJIBbHBIH M0A00p MaTepHaIoB
Benymux  WT-aBTOpOB, CTpPOro  CBfi3aTb  OCHOBHYH U
JOTIOJTHUTENBHYIO JIUTEpaTypy ¢ pasJellaMd KypcoB (BKIIOYas
WHOSI3BIYHBIC M TIEPEBOIHBIC H3/IaHNU).
KauectBo o00OyueHuss (M ULEHHOCTh CEpTH(PUKATOB MPOrpPaMMBbI
iCarnegie) ymaerca oOecrieunTh, Onarofaps INPaKTUYECKOH
OpHEHTALMH  BBINIOJNHSAEMBIX YIPaXKHEHUH, YMEHHIO OXBaTHUTh
npoOieMy B II€JIOM, HE YIYCTHB CYIIECTBEHHBIX JIeTallei,
«OKECTKUMI YCIOBHUSIMU TECTUPOBAHUS (BpeMeHHBIMH
OTrpaHHYCHUSIMA W TpeOOBaHUSIMHU TI0 TIPOLEHTY IPaBUIIBHBIX
orBeToB). Kypchl 4YeTKO OpHEHTHUPOBaHbl Ha  KOHKpPETHBIC
JIOJDKHOCTH, BBIITYCKHUKOB, COJIEPXAaT THIATENHHO MOI00paHHbIE
npakTHYeckue npumepbl. [Ipu 3TOM BaXKHBIMH TpPEOOBAaHUSIMH K
MIpenoiaBaTeNsiM SBISIFOTCS HEOOXOANMOCTh aJlanTallii K YPOBHIO
CTY/ICHTOB, HCTIOJIb30BAHUS Hepe1oBhIX TEXHOJIOTHH,
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WHCTPYMEHTAPHS, «IPAaKTHK», CTAaHAApPTOB, a TaKKe pEIICHHUH,
HE3aBUCHMBIX OT KOHKpeTHoro mpomsBogutens [10. IlogoOHri
MOAXO/JT [IefaeT Kypchl 6osiee 5KOHOMUYHBIMH, & UX BBIMTYCKHUKOB —
0oyiee YHHBEPCAJIbHBIMH CIICIUATUCTAMH, TOTOBBIMU Cpa3y IOCTC
BBIIyCKAa K TPUHIATAIO OOOCHOBAaHHBIX, B3BCIICHHBIX TEXHHKO-
TEXHOJIOTUYCCKUX PEUICHUN B chepe CBOCH KOMIIETCHIIHH.

5. Ilpumenenue UHTepHeT-TeXHOJIOT Uil

BaxkHedmeid  MIEONOTHYECKOW  COCTABISIOMICH  y4eOHOTO
Tporiecca SBISIETCSl B3aUMOJCHCTBHE €ro yJ9acTHUKOB ¢ MHTepHeT-
cpenoii u B aTepHET-cpene. [lomoOHas opreHTanms obecreunBacT
BO3MOKHOCTH COBMECTHOM TPOEKTHOH paboThl MNpH CO3[aHUH
MPOTrPaMMHBIX IIPOIYKTOB B XOJIe OCBOCHHUS KypCOB, CIIOCOOCTBYET
OOIIICHUIO  CTY/ICHTOB (m  mpemonaBarteneit), obneryaet
pacmpocTpaHeHHEe KypCOB M (OpPMHpPOBaHHE THOKOH 0OpaTHOI
cBa3u. [locnenHsas ABIsSeTCA BaKHEHIIUM yCIOBHEM MOAEPIKAHUS
HEM3MEHHO BBICOKOTO YPOBHSI KauecTBa yueOHOro mpolecca U ero
pe3yIBTAaTOB.

JIOCTIDKEHHIO TIEPEUNCIICHHBIX IIeTIel CIIOCOOCTBYET CO3JaHHAs
B yHHBepcuTeTe mporpammHas cpema TRESTLE, xoropas
obecrieuynBaer:

e cHCTeMaTH3allMi0  y4eOHOH  WHpOpPMAaIMd B CAHHOU

TUIEPTEKCTOBOM 0a3e TaHHBIX
®  HaJEKHOE XpAaHEHHUE NEPCOHAIIBHBIX JAHHBIX U OBICTPBINA MOUCK

110 HUM
e BEJCHUE «KJIACCHOIO JKypHalla» C TMOJHOM CTaTHUCTUKOMN
yCIIeBaEMOCTH

®  BO3MOXXHOCTb BBITOJIHEHUS J1a0OpaTOpHBIX padboT, caadu
TECTOB U 9K3aMEHOB

e Oe3omacHBIA W OBICTpHIE OOMEH wWH(pOpMAIHEH MEXIy
CTy/ICHTaMH

e  00paTHYIO CBSI3b C HHCTPYKTOPAMHU U MEHTOPaAMHU

e B ocnose [10 TRESTLE nexar mupoko pacrpocTpaHeHHBIE U
WHBapuaHTHbIe K WHTepHeT-Opay3epam s3pIK Javascript, a
TaKKe TeXHOJIOTHsI SEeSSion cookies.

6. CrpykTypa H moaavya MaTepuaJioB

KprI)I TPpAaAUIIMOHHO  BKJIIIOYAKOT MHWHHU-JICKIIUHU U Ooitee
00BbEMHBIE MPAKTUYCCKUC 3aHATHA. HGHBIO MEPBLIX SABJACTCA
00BSICHEHUE OCHOBHBIX MPUHIMUIIOB W TOAXOJA0B KYypCa, BTOPLIC
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HalleJIeHbl Ha TeXHUKa MPOSKTHpOoBaHus U peanusanuu [10 n rudko
aJanTUpyeMbl K TOMY YPOBHIO HAaBBIKOB IPOrpaMMMpPOBAHUS,
KOTOPBIIl UMeeTCs y CTYACHTOB.

OOmas cTpyKTpa KypcoB OJIM3Ka K TPAAULOHHOMY BY30BCKOMY
¢dopmarty, T.K. TpeOyeT OCMBICICHUs IPOMEKYTOUHBIX PE3yIbTaTOB
1 HaChIIlleHa 00bEMHBIMH MTPAKTUUYECKUMH YIIPKHEHUSIMH.

CpenHsisi NpoJOIKUTENIBHOCTE KypcoB cocTaBiusgeT 10-12 Henens
nmu 40-50 axagemudeckux uacoB. Ilpu 3ToM pexomeHmyemas
MEPUOUYHOCTh 3aHSATHH COCTaBIseT 2 pa3a B Hexenro mo 3
akageMudeckux uaca. dopMmar 3aHATHs, C y4eTOM aJanTalluu K
crnenuUKe POCCHUICKOW ayIUTOPHHM WMMECT CICAYIOIIUN BUI:
Teopus — 1Ba 20-MHHYTHBIX «CJIOTa» OTBOAATCA HAa TEOPETUUECKUI
MaTepuas, 1Ba 40-MHUHYTHBIX «CJOTa» TIOCBSIIEHBI IPAaKTUKE.
Jpyrumu BakHBIMH (opMaMu pabOTBI B «CEMECTpe» SBISIOTCS
HMHTEPaKTUBHOE BBINIOJHEHHUE NMPAaKTHUYECKUX 3aJaHuil B MHTepHeT-
cpene M camocrosTelbHas pabora cryneHToB. VX oObeM Bechbma
3HAYUTENbHBIH — PEKOMEHJyeMbI YpOBEHb COCTaBJSIET MOPAIKA
150 gacos.

Martepuan Kypca pasdouT Ha «ypoku» (UNit), mpoxoxacHHe
Ka)XJIOT0 M3 HHUX, B 3aBUCHMOCTH OT 00beMa U CJIIOKHOCTU TPeOyeT
1-3 nenens.

@DopMBI KOHTPOJIS YCHEBAaGMOCTH Pa3sHOOOPa3HbI M BKIOYAIOT
OHJIAHOBBIE OINPOCHBIC JIUCTBI M 3K3aMEHBI 10 TEOPETHYECKOMY
Marepuany (B CpelHEM — eXeHEeJeNbHO), a TaKXke OOoJbIIoe
KOJINYECTBO Pa3HOOOPa3HBIX MPAKTUYECKUX 3a/1a4 U yIIpaKHEHUH (B
CpeIHeM IO JiBa B HEJENI0, peKOMEHAyeMas IPOJOKUTEIBHOCTD
kaxgoro — 1,5-2 gaca).

Kypcel 3aBepmarorcs cepTH()UKAIMOHHBIM 3K3aMEHOM KOTOPBII
(kak W TPOMEXYTOUHBIE)  COMACPKHUT  TEOPETHUYECKYI0 H
MPAKTUYECKyl0 YacTH H CHAeTCs ayJIUTOPHO, TIOA CTPOTHM
KOHTpOJIeM TIperojaBaTensi. Pe3ynpTaTel dSK3aMEHOB (Kak W
MIPOMEXYTOUHBIX (OpPM KOHTPOIS) 00s3aTeNbHO (PUKCHPYIOTCS B
IO TRESTLE.

7. Temarnka y4eOHBIX TPOrpaMM

PaccMaTpuBaeMble KypCbl, MpPH  KOJOCCAIBHBIX BHEHIHUX
Pa3IMYMAX, UMEIOT BakKHOE 00IIee CBOHCTBO — 00a OHH IOCBSIIECHEI
MOJITOTOBKE CIIEIMAINCTOB B oOmactu mHxuHUpHHTa [10. IepBorii
kypc (SSD1 — «BBexenue B HH(OPMAIMOHHBIE CHCTEMbI») JaeT
BBE/ICHHE B JaHHYIO pobieMatrky, Bropoit (SSD9 — «PazpaboTka
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crienupuKannuid, TeCTUpoBaHUE U comnpoBoxaeHue [10») sisercs
KypcoM YpOBHS MarucTpaTypbl M BeHYaeT oOOydeHHe IO
cneuuanbHOCcTH. TakuM oOpaszoM, yxke kKypc SSD1 mpemmaraer
YIPOILCHHYI0O METONOJIOTHI0 TPOEKTHPOBAHMS, peall3alul U
tectupoBanust 10, mpakTudeckd HpueMieMyro s HeOOJbIIMX
MIPOrPaMMHBIX TIPOEKTOB, Toraa kak kypc SSD9 paccmaTtpuBaer Bce
OCHOBHBIE ITPOLIECCH JKM3HEHHOTO IHKIiIa [10.

B oaT1o0it cBA3m «BXomHbIe TpeOoBaHMSA» K crygeHTam SSD1
MHUHHMAJIBHBl M COCTABIISIOT OCHOBHBIC 3HAHHMS MaTeMaTHKU Ha
YpOBHE TIPOTpaMMBI CpegHeW MKOJbI, Torga kak SSD9 tpebyer
MPaKTUYECKOTO OIBbITa PAOOTHl B IPOTPAMMHBIX POEKTaX U 3HAHHS
OCHOB IIPOrpaMMHpPOBaHus, poekTrpoBanus [10 u 6a3 naHHBIX.

Tematuka SSD1 Bkmowaer 3HakoMcTBO ¢ si3bikoM HTML u
0a30BBIMH BEO-TEXHOJIOTHAMH (THIEPTEKCT U ero JopMaTHpOBaHUE,
pabora ¢ TabnMuamMu M HM300pPaKECHUSIMH, W3yYCHHE HOUCKOBBIX
MEXaHU3MOB, CO3J[aHHUC CTATHYCCKHX BeO-CTpaHUI[ U BeO-popm), a
Takke oOOydeHHe azaM MporpaMMHpoBaHusi ais MHTepHeT ¢
UCIIONIb30BaHMEM TexHosoruii Java (cpema J2SE, ycraHoBka,
KOMIIJIALMSA, 3alycK, OTJagKa MporpaMM, OCHOBHBIC OIEpaTopbl,
cepBieTH U 1p.). [Ipr 3TOM BakKHBIM NMPEHMYIIECTBOM Kypca Iepesn
QHAJIOTAaMH SBJIICTCS HM3YYCHHE MPUHLUIIOB W Pa3HOOOpa3HBIX
acIeKTOB 00BEKTHO-OPUEHTUPOBAHHOTO IMOIXoJa (HaclieNOBaHUe,
co3aHMe H MOAM(UKALMA KJIAcCOB, OOMEH COOOLICHUSIMHU,
UCIIONIb30BaHHE CPEJACTB  aBTOMATH3alMM  JOKYMEHTHUPOBaHMUS,
METOJIOJIOTUYECKHUE OCHOBBI ~MPOEKTHPOBAHUS W  peall3aluu
00BEKTHBIX IIPOrPaMM).

B pesynbrare ciaymarenu mojydaroT 3HaHHs (OCHOB paboOThHI B
Wurepuer, s3pika HTML, cepBepHsIX KOMIOHEHT Java)
JOCTaTOYHBIE HE TOJBKO I CO3JAHHS MPOCTHIX M 3()(HEKTUBHBIX
Be0-CaiiTOB, HO M UX COBPEMEHHOTO TUHAMHYECKOT0 PACIIMPEHHS, a
TaKKe MPOIYMAaHHOW OpraHM3aldM UX JIOKYMEHTHPOBAHUS,
COIIPOBOXKIICHUS U TTOJICPIKKH.

KiroueBsiMu anst Oynymieit pabotsl m pocta B chepe UT
CTaHOBSITCS 3HAHUS OCHOB mpouecca paspadorku 10, BaxHeiimme
koHuenuuu OOII, mocraHOBKa «XOpOIIEro» CTHISL W TEXHHUKU
MPOrpaMMHPOBAHUS, TEXHOJIOTHH M CPEICTB JOKYMEHTHPOBaHHs
MPOTPaMMHBIX POEKTOB.

Kak yxe ormeudanoch, kKypc SSD9 spiusiercst CymiecTBEHHO
OoJsiee CIIOXKHBIM JUIS YCIICUIHOTO TMPOXOXKACHHS M TpeOyer, Mo
HAIIMM OLIEHKaM, TIIATEIbHOTO aHaJM3a ONbITa Ciymaresieil u
JIMYHOTO COOECEeOBAHUS C KAXK/IbIM U3 HUX.
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Jns neMoHCTpauuu pa3iudvii B YPOBHE paccMaTpUBAEMbIX
KYPCOB IIEPEUHCIINM BXO/IHBIE TpeOOBaHMs K cTyaeHTaM SSD9:

MIPOCKTUPOBAaHNE KOHIENTYAIbHBIX U PEJSIIMOHHBIX CXEM,
peanuzauus b/1;

3HAHME PA3JIMYHBIX MoJelel >ku3HeHHoro Iukia [10, s3bIKoB
3alpoCOB, TEXHUKH HOPMalM3allMM  JaHHBIX, BBIIOJHEHHSA
TpaH3aKUMW, nHAEeKcupoBaHus b/l;
®  BIIAJCHHUE TEXHOJIOTHAMH MOCTpoeHHU MHTEpHET-TIPHIOXKECHUH,

3-ypOHEBOW apXUTEKTYpHl «KIHEHT-cepBepy», Java, OOII,

PCYB/;

e HaBbIkM HacTpoiiku Bl mms obecmeueHuss MacmTaOHpyeMBIX,
SPrOHOMHUYHEIX, 0TKa30yCTONYMBBIX, Ha/ISKHBIX,
MIPOM3BOIUTEIBHBIX PUIIOKEHUH;

e 3HaHue 0a30BBIX TEXHOJOTHUH W TPHEMOB HPOEKTUPOBAHUS,
tectupoBanusi u peanusammu 110 ¢ BJI, moctpoenuss SQL-
3aIpoCoB.

BakHeHMMU NpPUHIMIIAME Kypca SIBIISIIOTCS OpPHEHTALMs Ha
SKOHOMHYHBIE ¥ HAJEXKHbIE, COBPEMEHHBIE W JOCTATOYHO
YHHBEpCaJbHbIE TEXHOJOTMH W cpencTBa npoektupoBanus I10,
N3y4YCHUE IIOJHOTO JKM3HEHHOTO IMKJIA INPOEKTa — OT CO3IaHUS
TpeboBaHMII 10  compoBOXIeHMsA. HamomHHMM, YTO  Kypc
COOTBETCTBYET MAarucTepCcKOMY YPOBHIO TpeOOBaHHMH BEAYyIIETO
By3a mo computer science B CILIA. 3ameTnm, 4TO MpenogaBaHue
SSD9 BO3MOXKHO 110 JIBYM CXeMaM: WHIWBUAyaIbHAass U KOMaHIHAS
pa3pabotka (moxa B Poccun B cuily HOBU3HBI IIPOEKTa MPUMEHSIETCS
TOJIBKO NIEPBast CXEMa).

Temartunka Kypca BKIIFO9aeT 0030p Mozesel )KU3HEHHOTO IUKJIa
10, TexHONOrMM aHaiIM3a IPEIMETHOM 0O0JacTH, METOABI
TIOCTPOCHHUS MIPOEKTHBIX crierugpuKanum, 00BEKTHO-
OpPHEHTPOBAHHBIA MOAXOJ K aHAIN3Y W HMPOEKTHPOBAHMIO, a TAKXKe
METOJIUKHN COOPKH, TECTHPOBAHMS, JTOKYMEHTHPOBAHHMSI, BHEIPEHUS
1 COTIPOBOX/ICHHUSI IIPOIPAMMHBIX TIPOEKTOB.

B xone 00yueHMs ciaymaTeny peaau3yoT HOJHBIN KU3HEHHBINA
LUKJI y4e0HOTO0 MpPOTPaMMHOIO IPOEKTa — HEOOJNBIIOW CHCTEMBI
JNEKTPOHHOMI KOMMepLUU JULS OHJIAHHOBOM TOPrOBJIA
MY3bIKaJbHBIMH ~HWHCTPYMEHTaMH. [IpoeKkT B TpexXypOBHEBOU
APXHUTEKType «KJIMEHT-CEPBEP» BKIIOYAET pa3paboTKy BH3YaIbHOTO
Java-unrepdetiica, padboty ¢ CYBJ] u cpeactBamu cBsizu BJl ¢
unrepdeiicom (JDBC).

MHOrOYHCICHHBIE —IpPaKTHYeCKHe 3amaHus Kypca SSD9
TpeOyIOT OOJNBIIOTO TpyZa Kak CO CTOPOHBI CTYIEHTOB, Tak U OT
npenoaasaTeis (OCYIISCTBISIONIET0 KakK KOMIIBIOTEPHBIH, TaKk H
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«pYYHOW» KOHTPOJb MHOTOCTPAHUYHBIX 3aJaHuil B (opme 3cce,
UML-zanarpamMm u T.11.), ¥ BKIIOYAOT:
e crneuudukanuM IMpoekra, TpeOOBaHMH, BBIOOP  MOJEIH

MIPOEKTUPOBAHHUS;

e Jjormueckoe u ER-mopmenmpoBanme mnpeamerHol o6nactw,

npoektupoBaHue cxemol PB/;

pacripezienieHie poJieii B MpoeKTe;

BBIJICJICHUE [IEPBUYHBIX KJIACCOB,;

UML-muarpamMmmupoBaHue;

«OTBETCTBEHHOE» MPOCKTHPOBAHHE;

BHEJ[PEHHE MPOEKTA, MJIaH TECTUPOBAHUS;

JOKyMEHTUPOBaHHE;

(uHANBHAs AEMOHCTPALUS KJIUEHTY (MHCTPYKTOPY);

COIPOBOXKICHUE.

BakHBIMM NpUHIMIAMH, KOTOpPBIE PEKOMEHIYIOTCS  JUIs

YCBOGHUSI TIPHHIMITHAIIBHBIX UJEH Kypca, SIBISIOTCS, IIPEXKAE BCETo,

€r0 «CKBO3HOI» XapakTep, HALEICHHbI Ha IOJHBIM OXBaT

JKM3HEHHOTO I[MKJA MPOEKTa, a TAKXKE BOCIUTAHHE JOJHKHOTO

YPOBHSl JMCUMIUIMHBI MPOCKTUPOBaHHsS (B T. 4. MOCPEACTBOM

«OTBETCTBEHHOI'O» MpoektupoBanus (responsibility-driven design).
ba3oBble TEXHOJIOTHUH U CPEACTBA, HEOOXOUMBIE ISl OCBOCHHUS

SSD9, sxmouarot pasnuunsle Buasl auarpamm (ERD, DFD, STD,

OOAD), TexHOJOTHH «KIHCHT-CepBep», Sun Java 2 ¢ JSP wu

cepsneramu, HWurepHer-texuonorun (Apache Tomcat), CYBI

(mySQL, Microsoft Access, PostgreSQL), cpencrsa UML-

nuarpammupoBanus  (Microsoft  Visio,  Microsoft ~ Word,

EclipseUML), cpenctBa moxkymentupoBanus (Javadoc), mpaiiBepsl

aust cesizu ¢ BJ] (ODBC/JDBC).

IMo 3aBepuieHHH Kypca CIYHIATETH JOCTUTAOT YPOBHS
kBanupuKanMu  crapmiero  paspabortumka (Senior  developer)
npoekta. OHH  OBJAAEBAIOT  MPHEMAMH  [POEKTHPOBAHHS
npezckazyeMoro u 3koHomuuyHoro [1O, kpuTHdeckoro aHainmza H
PYKOBOJCTBa BCEMH CTAaIMSIMH €r0 >KM3HEHHOro IMKiIa (B T.4.
MIOBTOPHBIM HCIOJIb30BAaHUEM), CHCTEMATH3HUPYIOT IPECTABICHUS
06 apxwurekrypax I10, mpumenstor texuomoruu OOAD / CASE,
YMEIOT CTPOUThH Maciradupyemoe kiaueHT-cepBepHoe 10 ¢ BJI-
KOMITOHEHTaMH.
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8. JucranuuoHHoe oGyueHnue no nporpamme iCarnegie

OOmme NPUHIMOBI MPOBENCHUS IUCTAHIMOHHOTO OOy4YeHUs
(J10) cromatcs x cnenyromemy. OIWHAKOBas CKOPOCTh PabOTHI
CTY/ICHTOB B CEMECTpE 3a/laeTcsi B Hayajle ceMecTpa rpadukom
MPOXOXICHNUS TEM W BBINOJIHEHHWA NpakTHKu. Heobxoamm
OIHOBPEMEHHBIH (WM ONMM3KUHA 110 BPEMEHH) CTapT TPYIIIHL.
[MpenMymiecTBEHHBIM =~ KaHAIOM  OOIIEHWS  CTYAEHTOB U
HHCTPYKTOPOB sBJsieTcs cuctema coobmenuit 10 mms oOydueHms
iCarnegie — TRESTLE. Bpemst peakiiui MHCTPYKTOpa Ha 3aIpoc
crynenra B cucteMe coobmmennit TRESTLE e nomkHO mpeBbImaTh
1 cyToK, a BpeMsi OLIEHKH MHCTPYKTOPOM IPaKTHYECKOTO 3aJlaHus
crynenra B cucreme TRESTLE - 2 cyrok. Heobxoaumo
o0ecreunTh eXEeHeeNIbHYI0 OTYETHOCTh O X0Jie paboThI MO Kypcy B
yCTaHOBJICHHOM (popmate Mexny Bcemu ydacTHukamu TEKAMA,
KOMIaHHui-napTHepoB u iCarnegie.

TEKAMA  ocymecTBisieT  oOydeHHE 1O  Kypcy B
IUCTAaHIIMOHHOM (hopMaTe 3a MCKIIOYCHHEM (CepTH(UKAIIMOHHBIX )
sKk3aMeHOB. CepTH(UKAIMOHHBIE 3K3aMEHBI IIPOBOAATCS OYHO, B
cpene, COOTBeTCTBYoLIeH TpeboBanusaM iCarnegie, mo KOHTpoOIeM
BEAYIIET0 WHCTPYKTOpa/MEHTOpa (WM, B €ro OTCYTCTBHE, O]
KOHTpPOJIEM TIOJHOCTBIO CEPTH(UIIMPOBAHHOTO HHCTPYKTOPA) II0
kypcy. OrmeHka cepTUQUKAIMOHHOTO JK3aMEHa IPOBOIUTCS
BEAYLHM HHCTPYKTOPOM/MEHTOPOM WU JH00BIM
cepTU(UIMPOBAHHBIM HHCTPYKTOPOM IO KYypCy.

[TpoMexxyTOUHBIE HSK3aMEHbl IPOBOASATCS MOJl KOHTPOJEM
accucrenra (6e3  ceprudukarmu  iCarnegie  wim  ombITa
npenojaBanus Kypca iCarnegie) B OTKpHITON cpefe MapTHEPCKOTo
yaeOHoro neHtpa («CereBas akagemust JJAHUT»).

Jnst  KOHTpOJII ~ KOPPEKTHOCTH  TPOBEACHHS  3IK3aMEHOB
UCTIONB3YIOTCS BUAEOKaMephl W/UIN BeO-KaMephl, HallpaBJICHHbIE Ha
Ka)XXJIOTO M3 CTY/EHTOB B X0JI¢ 9K3aMeHa. Bujeo3annucu 3K3aMeHOB
nepenatorcsi B TEKAMA wu XxpaHsTcs 10 YTBEp)XKICHUS W/WIN
OTKaza B cepTH(UKAINU KAXIOTr0o U3 CTYJEHTOB. B Xo/e 3K3aMeHOB
HEOOXOIUMO 00ecleunTs BO3MOXKHOCTh OIEPATUBHONH CBS3H C
BemymuM HHCTpyKTOopoM/MeHTopoM (uepes helpdesk 8 TEKAMA
WJIM TI0 MOOMIJIBHOH CBSI3H).

WucTpykTOp/Benymmii  WHCTPYKTOP/MEHTOp  TO  Kypcy
PETYISPHO NMPOBOAUT yJAaJIeHHBIE cecCHH (B cpemHeM l,5-uacoBrle,
MUHHMYM 3 pa3a B HEZEII0) I HOAAEPKKH CTyIeHTOB B xoxe J1O.
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IlpoBeneHue KypcoB Ha MecTax OpraHusyeTrcss Ha 0Oase
¢unnanoB aBTOpU30BaHHBIX y4eOHbIX wneHTpoB JIAHUT wnmm
KOPHOPaTHBHBIX  CTPYKTYp (IPH KOPHOPAaTHMBHOM OOYYEHHH).
Kaxngas w3 opraHM3anuii-mapTHEpOB JIOJDKHA — pacriojiaratb
KOMITBIOTEPHBIM ~ KJIACCOM, COOTBETCTBYIOLIMM TpPEOOBAaHUSIM K
kypcam iCarnegie (Bkiro4as anmapaTHOe W MPOTPAMMHOC
obecrieueHre, BHACOKaMephbl, VHTEpHET-KaHAI € MEXCETEBBIM
9KpaHOM, CIpaBOYHAs JIMTEpaTypa), a TaKkKe IePCOHAIOM
TexHn4eckoil momnepxku, oOyueHHEIM TEKAMA mna IO mo
Kypcam iCarnegie.

JI1s NOBBIMICHUS KauecTBa 00y4eHHs Cpear CTYIEHTOB (depes
OpraHU3alUH-TIAPTHEPHI) Mepell Ha4aloM Kypca paclpoCTpaHseTcs
CHpaBOYHas JUTEpaTypa (JUTepaTypa Ha PYCCKOM SI3bIKE — TOJIBKO
W3  chomcka, corymacoBamnoro ¢ iCarnegie), a  Takxke
Npe3eHTAllMOHHBIE MaTepuaibl Ha pYyccKoM s3bike. Kpome Toro,
KOHTEHT «Muaamux» KypcoB SSD (SSD1-SSDS5) mepeBomutcst Ha
PYCCKHiA sI36IK M BeIBepsieTcs ¢ iCarnegie qo crapra J10 1o KakaoMy
u3 kypcoB. KonreHT «crapmmx» kypcoB SSD (SSD6-SSD10)
NepeBOy Ha PYCCKUHA S3BIK HE HOMJICKUT (IPEIOCTABISCTCS
CTyIeHTaM B opurusaie). OOecredyeHHe CTYIECHTOB CIPaBOYHOM
JMUTEPaTYpOd W INPE3CHTALMOHHBIMH MaTepualaMH K Kypcam
srsieTcs  3amadeit kommaHun TEKAMA  (byHKums —Ciry>kOb1
helpdesk).

Ilepen nawanmom mepBoro cemectpa JJO Mo KaxIOM Kypcy
KOMIIaHUs TEKAMA KOMaHAUPYET BEAYLIEr0
HHCTpYKTOpa/MeHTopa B iCarnegie mms mpoxoxIeHHs MEHTOPCKOi
CTaXUPOBKU. 10 OKOHUYaHUUM MEHTOPCKOM CTaKUPOBKHU BENYIIUH
HHCTPYKTOP/MEHTOP TMPOBOAUT OOYyUYEHHE AaCCHUCTCHTOB, CIIYXKOBI
TexHUUecKoi momuepxku u helpdesk.

B ciydae OTCYTCTBHS O YBKHTEIBHOM NpHUYMHE (OTIYCK,
KOMaHJIMPOBKa, OOJIe3Hb M T.A.) MEHTOpa MO Kypcy, ero (pyHKLUHH
BBINOJHAET BEAYIIMH HHCTPYKTOP, B €0 OTCYTCTBHE — PSIOBOM
HHCTPYKTOP.

OcHoBzele posi B koManze mo JO (o kaxaomy kypcy SSD):
MEHTOp, BEIYIIMH HMHCTPYKTOp, PSIOBOM HHCTPYKTOP, acCHUCTEHT
HHCTPYKTOpa, Clly»0a TeXHUYECKOM MoanepkKku, ciyxba helpdesk.
Bce poisn, KpoMe MEHTOpa/BelylIero MHCTPYKTOpa Kypca, MOTYT
OBbITh MHOYKECTBEHHBIMH.

B 00s13aHHOCTH MEHTOpPa Kypca BXO/IHT:
®  B3aWMOJEHCTBHE C MEHTOPOM Kypca iCarnegie mo oOHOBICHHIO

KOHTeHTa Kypca, mnpobmemam mnpoekrta O wm np. (B T.u.

€)KCHEICTbHBIC OTUYETHI);
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e pykoBoncTBO JIO (B T.4. KOHTPOIb KOPPEKTHOCTH YCTAHOBKH
IO nust cepTUUKAMOHHBIX 3K3aMEHOB, KOHTPOJIb JTOCTABKH
MaTepualioB IO Kypcy — Mpe3eHTAluid, WHCTPYKIMH MO
ycranoBke [10, TONONHUTENBHON JINTEPATYPHI U T.I., BEACHHE
CTaTUCTHUKH U JIp.);

e BejeHHE M OOHOBJEHWE 0a3bl 3HAHUH 1O Kypcy (IpOOJIEeMBI,
CTAaTUCTHUKA, OIIMOKN/HECOOTBETCTBUSI B KOHTEHTE/MaTepuanax
Kypca, IUTAHUPOBAHNE OOHOBIICHHS u pa3BUTHS
KOHTEHTa/MaTepHaioB Kypca ! T.1I.);

e oO0y4yeHHE pSAAOBBIX HMHCTPYKTOPOB (B T.4. CIIOXKHBIE IS
CTYIEHTOB MECTa Kypca, OCOOEHHOCTH TIOATOTOBKH K
9K3aMEHaM H p.);

®  KOHTPOJIb U OLICHKA CEPTU(PHUKAIOHHBIX SK3aMEHOB;

e oOyuenue cnyx0 TexHuueckoi mommepxkku u helpdesk B
TEKAMA wu opranuzanusx-napTHepax;

e mposenenue IO (AUCTaHIIMOHHBIE CECCUU, IPOBEPKA 3aaHUN U
T.J.).

OOs3aHHOCTH ~ BEAYWIETO  MHCTPYKTOpa  COBIAJAIOT  C
0053aHHOCTSIMA MEHTOpa, 32 HCKJIIOYCHHEM B3aMMOJCHUCTBHS C
MeHTOpoM Kypca iCarnegie, a Takke BKJIOYAIOT BBINOJIHCHHUE
o0s3aHHOCTEW MEHTOpa Kypca B ero orcyrcTBue. OOs3aHHOCTH
PSIOBOTO MHCTPYKTOPA COBMANAIOT C OOS3aHHOCTSIMU BEIYILETO
HWHCTPYKTOpa, 3a HWCKIIoUYeHHeM pykosoiactBa /IO u BexeHus u
oOHOBieHHMs 0a3bl 3HAHWI 10 KypCy, a TaKke BKJIIOYaroT
BBINIOJIHEHHE O0S3aHHOCTEH BEIYIIEro HWHCTPYKTOpa B  €ro
orcyrcTBue. OOS3aHHOCTH aCCHCTEHTa MHCTPYKTOpA COBIIAIAIOT C
0053aHHOCTSIMH HMHCTPYKTOPA, @ TaK)Ke BKIIOYAIOT BBINOJHEHHE
00s13aHHOCTEH MHCTPYKTOPA B €0 OTCYTCTBHE.

B 00s13aHHOCTH COTPYIHNKA TEXHUYECKOH MOJICPKKH BXOIUT:
e [IOATOTOBKA Kijlacca Il MPOBENEHUs 3k3aMeHOB (B T.4. AO,

IO, UurepHer, MexceTeBOM  OSKpaH, BHUIECOKAMEPHI,

JUTEPaTYpa);
®  TEeXHHWYECKas MOAJEpKKa CTyJeHTaM/ acCHCTEHTY/ BeIyIeMy

UHCTPYKTOPY/ HHCTPYKTOPY/ MEHTOPY B X0JI€ 9K3aMEHOB;

e omepaTHBHOE HWH(POPMHPOBAHHE aCCUCTEHTa/ HHCTPYKTOpa/
MEHTOpa 0 MpobIeMax B X0I€ IK3aMEHOB.

e B o0Gs3anHocTH coTpynnuka helpdesk sxomur:

e Benmenme pacnucanus JO (rpadmk OHIAHHOBBIX CceccHii,
pactucanwe caadd  3aJaHui  /  9K3aMeHOB /  cTaTyc
ceprupukaunn B TRESTLE, rpagux xomaHIupoBok /
OTITYCKOB IIEPCOHAIA, IPOITYCK/IEPEHOC OHJIAWHOBBIX CECCHH 1
T.J.)
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e  cOop undopmarmu (feedback) or crynenTos;

e [pueM, COPTUPOBKA ¥ HAIpaBIECHHE 3asgBOK aCCHUCTEHTY/
BEAYyLEMY HHCTPYKTOPY/ HHCTPYKTOPY/ MEHTODY;

e [CHTpaJM30BaHHOEe AyOnupoBaHWe/Tiepenadya  HMHPOPMALHUU
CTyZ€HTaM  OT  acCHUCTEHTa/  BeIyllero  HMHCTPYKTOpa/
WHCTpYKTOpa/ MeHTopa (B T.4. pacluCaHHEe JK3aMEHOB,
NOCTYIUICHHE  NPEe3eHTAlMHd, HHCTPYKUMH, JIUTEPaTypHl,
cocrostane AO m IO nma wmecrax, TRESTLE, mnpoGremsl
KOHTEHTA, 10CTyl B MIHTepHeT);

e  BeaeHue 0a3bl 3HAHUHN (KOHTAKTHI, YaCTO 3aJaBacMble BOIIPOCHI,
TEeKyILe OpraHU3allMOHHbIE OIPOCHI U 1p.);

®  OmepaTHBHOE uH(popMUpOBaHHE helpdesk mapraepos/
ACCHCTCHTa/ MHCTPYKTOPa/ BEAYILEr0 MHCTPYKTOPa/ MEHTOpa O
npobnemax B xoze J10.

[epexpriTie obOsi3anHOCTel B KoManne JIO wuMmeer menbio
B3aMMO3aMEHSEMOCTb, ~ MAacCIITa0MPyeMOCTb U HaJeKHOCTh
nporeccoB. Kanansl cBa3su Mmexny TEKAMA, opranuzanusmu-
naptHepamu u iCarnegie s opranusanun O BKIIOYAIOT CHCTEMY
coobmennit TRESTLE (mpuopurerHo), cucremy coobmenmii MSN
/ Windows Live, osnektpoHHyr modry, cayx0y Microsoft
NetMeeting (Bxoaut B coctaB OC Windows), cpeactsa MOOMIbHOM
u opucHOU TeneGoHuM (B T.4. KOHPEPEHII-CBSI3h), @ TAKIKE CPEICTBA
(aKCUMUIILHOU CBA3M.

CxemMa  oOpraHuzaluMy  JWCTAHIMOHHOTO  OOYYeHHUs 110
nporpamme  iCarnegie mpezacrasnena Ha  puc.l. IloscHum
o0o3HaueHust Ha cxeme: TEKAMA-ASS — accucTeHT HHCTPYKTOpAa,
TEKAMA-INSTR - wuncrtpykrop, LI — Benymmit mnHCTpyKTOp,
MENTOR — menTop, HD — cotpymuuk helpdesk, TS — corpyanuk
CIyKObl TeXxHH4YecKol mojaepxkku, KB — 6aza 3nanumii, PM —
pykoBoauTess nporpammel, CRM — 1O ynpapieHHs OTHOLICHHSMH
¢ ximuenrtamu, LANIT — «CereBas akagemus JIAHUT», iC —
iCarnegie, Proxy — mnpokcu-cepBep, KOHTPOJHPYIOLIMH caauy
9K3aMeHOB B MIHTEepHET-Ccpeze.
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. TEKAMA - ASS

LANIT Proxy

Puc. 1. Cxema opraHu3aliuM JUCTAHUMOHHOrO OOy4YeHMS 110
nporpamme iCarnegie.

9. Pesyabrarsl anpodanun

B xone ampobanuy IUCTaHIMOHHOTO OOYdYeHHs IO Kypcam
yuuBepcurera Carnegie Mellon B Hamieit ctpane GbUTH TOTYYCHBI
ClIEeIYIOIIE TIPAKTUYECKUE PE3YIIbTATHI.

3aBeplieHbl JBa CeMeCTpa JUCTAHIMOHHOTO OOy4YeHHs MO
HavasbHOMY Kypcy SSD1 — «Beenenue B MH(DOpMAalMOHHBIC
cucreMb». [IpakTrka anpobarnyy npuBena K cIeIyIomnuM HTOTraM.

Jnst IpOJIBUHYTHIX CTYAEHTOB OKa3aJoCh BIOJIHE JOCTATOYHON
NIPOJIOJDKUTENbHAsT BBOIHAS Oecena B pexuMe TeleKoH(epeHIrn B
tedenne | gaca. [lanpHeiniee obImeHne okasanoch IenecoodpasHo
TIOCTPOUTD T10 KaHaJaM 3JIEKTPOHHOHM MouThl. B KpaifHuMX ciyuasx
ObUIO peIIeHO IPHUMEHATh TaKKe CpelCcTBa OH-JTaH OOIIeHHs
(messaging), BctpoeHHsle B cucTemy arrtectard TRESTLE, a
TaKxke TelehOHHBIE TIEPETOBOPHI WM TEICKOH(EPEHITUH.

BhIsSICHIIIOCH, 4TO TMOBBILIICHUE OTIEePaTHBHOCTH
B3aUMOJICHCTBUSL CO CTYJEHTAMU IPU TPOBEPKE BBIMOJHEHHBIX
3amaHuil (B NEeHb CJadd, a HE B TedeHWe 2-3 JHeil) MOXKeT
cymecTBeHHO (B cpexnHeM — Ha 25-50%) yckopuTh mporecc
y4eOHBI Tpouecc Uil TPOJABHHYTHIX CTyAeHTOB. Ilpm sTom
cpeaHee BpeMs BBINOJIHEHWS 3aJaHusl Ul TaKUX CTYJCHTOB
NPAaKTHYECKH HE OTIMYaeTCs OT TaKOBOTO ISl OYHOH (DOPMBEL
EcrecTBeHHO, IIpH yCJIOBHM CBEpXOIEPATUBHOM OOpaTHOM CBS3H
(mpu  KOTOpoW  TmpoBepKa 3aJaHMH  W/WIM  HaIpaBlICHHUE
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MIPEroaBaTeIeM KOMMEHTAPHH OCYIIECTBISIETCSI HE MO3JHEE, YeM
B JIeHb C/Ia4{ CTYJICHTOM 3THX 3aJaHuil).

I[lpy  WHTEHCHMBHOM  B3aUMOJCHCTBUM  CTYAEHTOB W
npenojaBaTeneldl KpaiiHe BOCTPeOOBAaHHBIM OKa3aJloCh HallM4Ke
pe3epBHOTrO MHTEpHET-KaHasa, KOTOPHI NOTCHIMAIBHO MO3BOJISIET
YCKOPHTH POXOKACHUE Kypca 6oee ueM Ha 10-20%.

B xonme okcnepuMeHTOB OBIIO TakKE BBIIBICHO, HTO
MIPOJIBUHYTHIE CTYACHTHI NIPAKTHUECKH HE MCIBITHIBAIOT TPYIHOCTEH
C YCTaHOBKOM W HACTPOHKOW MpPOTPAMMHOTO OOeCHedeHnus K
HadalbHBIM KypcaM. CIO0XXHOCTH YCTaHOBKM ¥ HAcCTPOHKH
MIPOTPAMMHOTO OOECIIeYeHNsI K KypCy ONpeaeisiIoTcs He (popmoit
o0ydeHHUs, a WCKIIOYNUTEIbHO YPOBHEM 3HAHWH W yMEHHUH
cinymatens. B To ke Bpems, Ipu crapTe KypcoB, TpeOyroIuX
Pa3Ho00pa3HOro MPOrpaMMHOTO 00CCIICYCHHUS BHICOKOM CJIOKHOCTH
(ckaxxem, CYB]J], CASE- cpenctB u nap., kak B kypce SSD9 —
«OmnucaHue, TECTUPOBAaHHE M CONPOBOXKACHHE NPOrPaMMHOTO
obecrieueHus»).

Pan  wmepompuatuii (M, mpexkae BCEro, MPOMEXKYTOUHBIE
9K3aMEHBI) B ClIydae JUCTaHIMOHHOTO 00ydeHHs TpeOyeT MEHbBIINX
3aTpaT BPEMEHM II0 CpaBHEHHMIO C O4YHOH ¢opmoi (Beop B
MOCJIEIHEM CIydae Hy)KHa CIIEIHanbHas ITIOATOTOBKa Kiacca M
BBINIOJTHEHNE PsAJia JPYTHX IpPeIBapUTENIbHBIX ONEpali, a Takxke
OUYHBIM KOHTPOJIb CO CTOPOHBI mpenogasateinst). I[lpu 3ToM,
€CTEeCTBEHHO, HEOOXOJUMO COOINIIOJIeHue, M0 KpaiiHed wmepe,
CIEAYIOMINX YCIOBUI:

1) TmatenpHas MpOBEpKAa MAaTEpPHAJIOB IS TECTHPOBAHUS
YPOBHS 3HaHUM;

2) 3abmaroBpeMeHHasi OpraHu3als WHANBUIYATbHOTO JOMyCcKa
ciymareneii K HMCOBITaHUSIM (IS 9TOTO  NPEIYCMOTPEHBI
crieluabHbIe MPoLeyphl B cpesie ooyuenust TRESTLE).

10. 3akaouyenne

B pesynprare OpaKTHYECKOTO  BHEIAPEHUS  TEXHOJOTHUit
yuuBepcutera Carnegie Mellon B Hameit ctpane (¢ y4etoM HX
TBOPYECKOM  ajamTalMd)  MOXKHO  CHENarth  CICAYIOLIHE
TpeIBAPHUTEIbHBIC BBIBOJIBL.

OrzenbHbIE HEMOCTATKH, KOTOPBIE XapaKTepPHU3yIOT CHEeH(UKY
POCCHIICKON ayIUTOPHH U JIUIIb [OJYEPKUBAIOT JTOCTOMHCTBA
KypCOB, CBOAATCA K HEOOXOMMMOCTh ydeTa OPHUCHTAIHH
poccuiickoit UT-otpaciu Ha creruduyunoe [10, TepMuHOIOTHIO U
paboThl 3amMafHbIX aBTOPOB. Psi MepedyHCICHHBIX MpobieM, B
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OCHOBHOM, yIQJIOCh YJOBJICTBOPHUTEIBHO PEIINTH IIPH aJalTaridu
KypCOB: pa3paboTaHbl OpHUT'HHAIIBHBIC MPE3CHTAIHH,
CONPOBOAMTENbHBIE ~ Marepuaibl K  JISKIHUsAM,  OTOOpaHO
B3aumonpuemiemoe [10, cornmacoBana aureparypa K Kypcam.

Kypcel nopabotaHbl Uil ONTHMHU3ALMK COYETAaHHUS TEOPHU U
MIPAKTUKH C TOYKU 3PCHUS pPealbHOU pabOThI U OU3HEca.

CoxpaHeH TpamWIIOHHO BBICOKHMH YpOBEHb KadecTBa,
obecrieyMBaeMbIf  ammpOOMPOBAHHOW  METOIWKOW  ITOATOTOBKH
CTYICHTOB W OLICHKH UX 3HAHUH.

BaXHBIM TNpEeMMyIIECTBOM KypCOB SBIISICTCI WX deTKas
OpHEHTAIsl Ha KOHKPETHBIE O00s3aHHOCTH M HoinkHocTH WT-
CICTIHAIACTOB.

Jlpyrue TNO3WTHBHBIE OCOOCHHOCTH KYPCOB  BKIJIIOYAIOT
HCIOJIb30BaHUE  IEPENOBBIX  TEXHOJIOIWH, HMHCTPYMEHTapHs,
«IPAKTHK» U CTaH/IAPTOB, a TAKIKE MPUOPUTETHOCTh TEXHOJIOTHUI, HE
3aBUCAINNUX OT IMPOU3BOAUTEIIA (‘ITO 06ecneqHBaeT OKOHOMHIO H
YHHUBEPCAJIBHOCTD MOJIX0/A).

TiatenbHOCTH MOJ00Opa MaTEPHAIOB JUIS U3JI0KEHHS U OLIEHKH
3HAaHUI CITymaTenei MOAUYepKUBAeT MOCTOSTHHAS oOpaTHas CBS3b C
HHAYCTpHEH, pa3paboTuKaMu KypcoB M By3aMH, Ha OCHOBE cOopa
W aHaj|3a KOJOCCAIFHOTO 00BEMa MHOTOJETHHX CTaTHCTHYECKUX
JAHHBIX, BKIFOYAMOIIUX IIENBIA psAA MmapaMeTpoB (B T.4. BIHSHHE
reHgepHoro Qakropa Ha OO0ydYeHHs, cHady »HK3aMEHOB U
cepTUhHUKAIIHIO).

B HaCTOAIICC BpEMs BEACTCA BHCAPCHUEC CXEMBI
JIMCTAHIIHOHHOTO 0Opa3oBanus 1o mporpamme iCarnegie B Poccun u
crpanax CHI' cormacHo TexHOJOTHYECKOW cxeme, pa3paboTaHHON
ABTOPOM CTaThU.
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Abstract

Software Quality has different meaning to different people. The ISO
9126 standard was developed to introduce clarity and establish a
framework for quality to be measured. This paper aims to explore
how Internal Quality characteristics of a software system (source
code) can be measured effectively. Instead of relying on traditional
software metrics, which are shown to be a poor predictor of
underlying software quality, we advocate measuring compliance to a
coding standard. We show qualitative and quantitative evidence of
how adoption of a coding standard helps organizations in improving
the quality of their C/C++ software.

Keywords: Software Quality Modelling, Coding Standards,
Software Metrics, Statistical Analysis
ISO 9126 Quality Model

The 1SO 9126-1 standard [4] has been introduced to formalise the
notion of Quality of a Software System. 3 distinct aspects are
considered:
e Internal Quality measured for a non-executable form of the
Software System, e.g. its source code.
o External Quality, which pertains to the run-time behaviour of
the system, as experienced during dynamic test.
e Quality in use, which addresses the degree to which user
goals and requirements are fulfilled.

Internal and External Quality can be further categorised into 6
separate characteristics:
o Functionality
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Reliability
Usability
Efficiency
Maintainability
Portability

Each of these 6 characteristics can be further subdivided, and there
are 27 sub-characteristics in total.

Quality in Use has been divided into 4 characteristics:
Effectiveness

Productivity

Safety

Satisfaction

ISO 9126-1 advocates measuring each of these characteristics, but
does not specify how. Examples of suitable metrics are given in
Technical Reports: 9126-2 [5], 9126-3 [6], 9126-4 [7]. The standard
stipulates that with suitable choices of metrics Internal Quality
should predict, or in other words correlate with External Quality,
which in turn should predict Quality in Use.

In this study we will be focusing on the Satisfaction Quality in Use
characteristic. We will attempt to demonstrate that this characteristic
can indeed be predicted by measuring Internal Quality of a software
system, see Section 0. We will also be examining empirical
evidence of a correlation between Internal and External Quality
measures, see Section 0.

Prior to conducting such a study we needed to settle on suitable
metrics for Internal Quality. 1SO 9126-3 [6] is a Technical Report
that proposes such metrics. The vast majority of them are of the
following form: percentage of items (functions, variables, etc.)
meeting a specific requirement. There are a number of problems
with such a definition of metrics. Their calculation cannot be easily
automated, and their value needs to be determined by comparing
implementation and design documents with specification. These
metrics indicate how much work on the project has been completed,
rather than the underlying quality of the implementation. Such

131



metrics represent good project management practice for green-field
projects, and cannot be applied easily when part of the system is re-
engineered. Lastly, quality or lack thereof is not seen as an attribute
of source code, as none of the proposed metrics are based on direct
measurements on source code. This is against the guidance of 1ISO
9126-1 [4] page 15.

Prior to 1SO 9126 there has been a vast amount of research devoted
to software metrics [2]. These traditional metrics, such as
Cyclomatic Complexity or Estimated Static Path Count, are
concerned with the structure of a function, vocabulary of a source
file, etc. Therefore, they may yield the same values for drastically
different versions or stages of a Software Product, e.g. Cyclomatic
Complexity for pseudo code stage may be the same as for the final
implementation. Moreover, there is no well-defined and
substantiated mapping for these metrics to 1ISO 9126 characteristics.
We examine possible correlations of such software metrics with
Quality in Use metrics in Section 0.

Coding Standards

Nowadays, increasingly more emphasis is given to following best
practice, and defining and enforcing coding standards, especially for
high cost of failure software projects. Compliance to a coding
standard is often treated as a pass/fail test. However, a different
approach is possible, where the level of compliance is measured,
either as the absolute number of violations for a particular source
file, module or component, or normalised by the size of the entity,
e.g. number of lines of code. This would allow correlating
compliance with measurements of other aspects of the product, e.g.
run time behaviour or user experience.

The most popular coding standard in the public domain for the C
language is MISRA-C [12][13]. It constitutes a subset of the C
language that restricts usage of poorly defined or unsafe constructs.
Less emphasis is given to presentational aspects: naming
conventions and layout. Until recently, no such definitive coding
standard was available for the C++ language. The first and probably
most complete is High Integrity C++ [14]. More recently, the Joint
Strike Fighter Air Vehicle C++ Coding Standards [10] were
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released, demonstrating the growing industrial acceptance of using
coding standards. Other C++ guidelines tend to focus on specific
programming aspects [3][11][16][17].

The rules of these coding standards represent common pitfalls with
developing in the corresponding programming language, and have
been derived either from experience or on theoretical grounds, by
examining the language specification [8][9]. Therefore, counting the
number of violations of such rules in a Software Product appears
well founded, and intuitively corresponds to a measure of its
Internal Quality. This proposition is rigorously evaluated in Section
0.

Qualitative Results

We wanted to verify the proposal for measuring Internal Quality of
a software product with real-world examples. We have engaged with
some software companies, to find out what tangible benefits
enforcement of a coding standard has given them. Two of them were
able to offer broad qualitative statements, and these are documented
in Section 0 and 0. However, they could not provide, in time for
publication of this paper, any numerical data that would allow us to
compare, for example, faults found in the field and compliance to a
coding standard of specific software modules. However, another
company had such data available, and we worked together to
establish whether there were any correlations, see Section 0 for
details.

Company A

They have been using MISRA-C:1998 [12] ever since historical
process data have been collected. Some extra rules are enforced to
do with naming conventions and limiting undefined behaviour.
Typically, approximately 90% of the rules of this combined coding
standard are adhered to for a project.

For a number of specific projects porting from one platform to
another was required, and this was achieved with hardly any re-
coding. This result was attributed to restricting undefined and
implementation defined behaviour in their coding standard.
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In their development process, unit testing occurs on a parallel track
to coding, review and bench testing. By examining process data it
was found that all the faults found in unit testing were also identified
in the development track during code review (of which coding
standard compliance is a part) or bench testing stages. Therefore,
unit testing, despite being part of industry best practice, did not yield
any new issues, apart from fulfilling its secondary role of verifying
the specification. Subsequently, for some projects unit testing has
been limited or dropped altogether in preference to proceeding
straight to integration/system test.

Company B

The AUTOSAR[1] subset of MISRA-C:1998 [12] is used, as well as
other proprietary coding standards, depending on the project, and
this is mandated contractually.

The software projects are large, typically around 500KLOC. By
defining a software platform, and making it conform to stricter rules
on limiting implementation defined behaviour, they were able to
migrate from one compiler and micro controller combination to
another in a matter of weeks. This result is similar to that of
Company A, see section 0.

Reuse is very common across projects, and coding standard rules on
layout and naming conventions were found to be helpful in this
regard.

Quantitative results

Company C has an ongoing programme for improving customer
satisfaction. To this end they are collecting software fault reports
from the field, and tracking them on a regular basis. The incidence
of critical software faults tends to vary across their products, and the
intention is to identify measurements on source code, i.e. Internal
Quality metrics, that would correlate with these fault data, i.e.
Quality in Use: Satisfaction metric. Once such source code factors
are identified, it will be possible to re-engineer the software to
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minimise their value; and thus, likely to minimise the incidence of
critical faults in released software.

Together with Company C we have collected code metrics for a
number of their software products, and correlated them with the
corresponding critical fault data. These code metrics fall into two
categories:

incidence of coding standard violations,

traditional software metrics [2].
The results are documented in Sections 0 and O respectively.

Message Correlation

As a pilot study we focused on 18 software products written in C++,
and owned by a single business unit. Critical fault data for each of
the products was available, covering a period of 12 months. In order
not to disadvantage large projects, we normalised these
measurements of Quality in Use: Satisfaction by the size of the
corresponding code base, i.e. amount of KLOC.

Rather than narrowing the study to some specific coding standard or
guidelines (see Section 0), we decided to include as many coding
rules as possible, in our search for the ones that will correlate with
the fault data. QA C++, static analyser for C++ from Programming
Research, includes nearly 900 rules ranging from 1SO Compliance
and Undefined Behaviour [9], Best Practice [3][11][14][16][17], to
code layout conventions. This includes rules pertaining to individual
source files as well as issues occurring across files, see Table 1 for
examples.

confid |msg# | QA C++ message text
ence
99.5% |[1512 |'%1s' has external linkage and is
declared in more than one file.
99% | 1508 |The typedef '%1s' is declared in
more than one file.

99% |2085 |For loop declaration of '%1s' is
hiding existing declaration.

99% | 4239 |Class type control loop variable
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'%1s' modified in loop block.
97.5% |4217 |Variable '%1s' is not accessed after
this initialisation before it is next
modified.

97.5% |4237 |Class type control variable '%1s'
not declared here.

97.5% |3600 |This'int' literal is an octal number.
95% |1505 |The function '%1s' is only
referenced in one translation unit.
95% | 4243 |Multiple class type loop control
variables found: '%1s'".

95% |4325 |Variable '%1s' is not accessed
further.

95% |4004 |Continue statement found.

95% | 4208 |Variable '%1s'is never used.

0% 2015 |This function may be called with
default arguments.

Table 1. Message correlation with critical fault data for a sample of
QA C++ messages

For every software product we calculated the occurrence of each QA
C++ message, and normalised the measurements by the size of the
product in KLOC. While we could look for correlations between
these raw measurements for fault data and message frequencies, this
would make an unnecessary assumption that both of these
populations of measurements were distributed similarly.

Instead, we decided to use ranks of the measurements only. If we
were to order the software products according to fault data
frequency, and for a given QA C++ message according to its
frequency of occurrence, similarity between these two orderings
would imply a positive correlation between the message and fault
data. Considering that we are dealing with a large number of
products, from statistical standpoint, it is not necessary that these
orderings are identical, for there to be a significant correlation.
Given that the number of permutations of 18 entities: 18! =
18*17*...*2 = 6,402,373,705,728,000 is a staggeringly large
number, if a pair of orderings is within the 5% group that are the
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most similar, we can say with 95% confidence that they are
correlated. 95% confidence interval is usually considered the
minimum level to achieve statistical significance.

This leaves the question of how we are going to judge similarity
between two given orderings of 18 products. Spearman’s Rank
Correlation Coefficient R [15] is a non-parametric statistical test,
meaning that it works on the ranks of measurements. It evaluates to
1.0 if the orderings are exactly the same and -1.0 if they are exactly
opposite, i.e. one is an inversion of the other sequence. The closer
the value of R, to O the less similar both orderings are. In this study
we are only interested in positive correlations between Quality in
Use and Internal Quality metrics: Rs>0. Given that we are dealing
with 18 products, in order to have 95% confidence of a positive
correlation between QA C++ message and fault data, the value of
R needs to be no smaller than 0.401. Table 1 documents critical
values of R, for higher confidence intervals.

Confidence |95% |97.5% |[99% [99.5% |99.9%

Critical 0.401 |0.472 |0.550 {0.600 |0.692
Value of R,

Table 2. Critical Values of Spearman’s Rank Correlation
Coefficient R for 18 entities

The first 12 rows of Table 1 list QA C++ messages that are
positively correlated with critical fault data for the 18 software
products under consideration, with at least 95% confidence. As an
illustration the last row contains the message that has the value of R
closest to 0. Figures 1-5 on page 142 display the correlation between
the ranks of fault and message frequencies for each software product
as a scatter plot, for a representative selection of messages from
Table 1. Dots (software products) that lie on the y=x (diagonal) line
represent complete agreement between the ranks. In Figure 1 dots
are much closer to the diagonal line than in Figure 5, which visually
confirms the accuracy of the Spearman’s Rank Correlation
Coefficient. Figure 6 corresponds to the message with the smallest
value of Rg; for convenience both positive y=x and negative y=19-x
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correlation lines are drawn. As can be seen dots are equally distant
from both diagonal lines.

This result can be interpreted as follows: there is at least 95%
likelihood that 12 QA C++ messages detailed in Table 1 are
positively correlated with critical faults in 18 software products
under consideration. This allows us to assume that by re-engineering
these products to reduce the incidence of these messages, future
occurrence of critical faults may also be reduced. As the
organisation is interested in improving customer satisfaction,
targeting these messages and monitoring their frequency can
supplement the existing quality procedures.

It is worth pointing out that these 12 recommended messages are
Best Practice rules, rather than rules targeting Undefined Behaviour,
e.g. array access out of bounds, or division by 0. Such rules
targeting potential ‘bugs’ are unlikely to occur frequently in the
code. If for 18 products most frequencies are 0 apart from a few, the
Spearman’s Rank Correlation Coefficient will not exceed the critical
value, and so the corresponding QA C++ message will not be
flagged up as correlated with critical fault data. Therefore, it is
necessary to supplement rules/messages identified by this statistical
procedure with rules targeting bugs, portability issues, and other
priorities identified for the software products in question.

Metrics Correlation

Apart from looking for correlations between critical faults and QA
C++ messages, we were interested in examining whether traditional
software metrics [2] could be of use. QA C++ calculates several
function, file and class based metrics. We have recorded the
average, maximum and standard deviation value of every metric for
each of the 18 software products. We then calculated the values of
Spearman’s Rank Correlation Coefficient Ry between the critical
fault and these metric data across the 18 products, which are
collected in Table 3. Critical value of Ry at 95% confidence level is
0.401, and none of the metrics meet that for either average
measurement, maximum or standard deviation. Therefore, we could
not recommend any of these software metrics to be included in the
quality initiative.
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Summary

In this paper we have proposed using coding standards compliance
as a measure of Internal Quality of a Software System. The validity
of this metric has been confirmed on a group of real-world software
products, as for a number of coding rules it was found to correlate
with a metric for Quality in Use: Satisfaction characteristic. Also,
compliance to a coding standard has been found by two separate
organisations to positively impact External Quality: Portability
characteristic of their software.

User satisfaction is a concrete concept, and can be measured, e.g. by
recording faults in released software. Coding standards compliance
can also be easily measured, and subsequently improved, but does
not directly map to improved user experience. However, this could
be inferred, if a correlation between user satisfaction and
compliance to coding rules is found, as is the case in this paper.

An interesting topic for a future study would be to empirically
demonstrate validity of this cause and effect hypothesis, by
examining whether incidence of faults will be reduced in proportion
to improvement in coding standards compliance.

Metric avg max | Std
dev

Class metrics
Coupling to other classes | 0.041| 0.005| 0.043
Deepest inheritance 0.083| 0.166| 0.100
Lack of cohesion within| -0.012| -0.061| -0.046
class
Number of methods| -0.098| -0.020| -0.023
declared in class
Number of immediate| 0.055| 0.025| 0.061
children
Number of immediate| 0.055| 0.034| 0.055
parents
Response for class -0.031| -0.057| -0.031
Weighted methods in| -0.017| -0.034| -0.069
class

Function metrics
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Cyclomatic complexity 0.087| -0.141| -0.234

Number of GOTO's -0.153| -0.238| -0.154
Number of code lines -0.061| -0.068| -0.256
Deepest level of nesting 0.103| 0.234| 0.087
Number of parameters 0.129| 0.192| 0.122
Estimated static program | -0.362 nfa’| 0.084
paths

Number of function calls | -0.102| -0.019| -0.239
Number of executable| 0.017| 0.018| 0.009
lines

File metrics
Comment to code ratio 0.283| 0.153| 0.287
Number of distinct| -0.220| -0.239| -0.304
operands
Number of distinct| -0.035| 0.260| 0.124
operators
Total preprocessed code| -0.074| 0.142| -0.087
lines
Total number of tokens| -0.144| 0.040| -0.138
used
Total unpreprocessed | -0.073| 0.077| -0.117
code lines
Total number of variables | -0.187 | -0.044| -0.261

Table 3. Metrics correlation with fault data

Critical value of Rs at 95% confidence level is 0.401
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Figure 2. correlation for message 1508
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Internal Training Program for SQA, is it Worth for
Money?

Yelena Belyayeva
Motorola, St.-Petersburg software center
St.-Petersburg, Russia
email: Yelena.Belyayeva@motorola.com

Abstract

The paper is devoted to the training program for Software
Quality Assurance (SQA) engineer created in Motorola, St.-
Petersburg software center to prepare SQA engineers to fulfill their
responsibilities. The paper will provide the stages how the training
program was formed. We will describe approaches we used for the
mentoring program and the effectiveness of the training program.

Keywords: Software Quality Assurance; training; education.
1. Introduction

You may ask why an idea to run internal training program for
SQA people occurred to us and why we spend up to 6 months to
prepare one person when it seems easier and cheaper to hire a
specialist with required skills. There are several reasons that will be
explained: first, historical, when the center started its work, we were
the first who followed the requirements CMM/CMMI model [1]
describing quality assurance activities. So we had a limited
conception of SQA responsibilities based on our understanding of
CMM/CMMI statements and experience of our colleagues from
other Motorola centers. The second reason was lack of educational
programs related to quality assurance in St.-Petersburg and even in
Russia. Now when they are appearing most of them are still mixed
with testing concepts. Third, while the center was growing we were
obtaining specific experience, e.g. in auditing approaches and
organization metrics database maintenance. All these reasons led to
the decision to introduce internal training program for SQA
newcomers and to start training newcomers by ourselves.

145


mailto:Yelena.Belyayeva@motorola.com

2. Training Program Formation

When the center started its work in St.-Petersburg in 1997
nobody knew what requirements for SQA engineer position should
be. The primary source was a process area of CMM model (and in
the course of the time CMMI model) used in a number of Motorola
centers. This process area is devoted to process and product quality
assurance. The main requirements are objectively evaluating of
performed processes and work products against defined process,
reporting of noncompliance issues and ensuring that noncompliance
issues are addressed. Looking at CMM model more detailed we will
find out additional SQA responsibilities: contribute to project or
organization process definition and its improvement, maintain
organization metrics database and participate in metrics analysis
both at project and organization level. So SQA engineer plays
several roles simultaneously: auditor, metrics expert, process and
problem prevention consultant.

Since 1997 the organization grew more than 5 times that led to
the shortage of SQA personnel to maintain the increasing number of
projects/programs. Moreover the diversity of processes, number of
process assets and project tailoring scope increased. To keep the
system working and up-to-date we introduced automation into the
following areas: audit system, organization metrics program and
tracking system for process changes. As a result we needed
knowledgeable people who can easily manage the innovations and
changes in work situation.

First, we looked at the labor-market and found out that it was
hard to find a person with such qualification. There was no any
special educational program in universities, and there was no
consistency in how CMMI world treated the term of Quality
Assurance vs. other world of software production. Most of software
companies considered and continue considering QA people as
testers. This also brought an idea to train and bring up quality
people ourselves. We defined the minimal requirements for SQA
candidates that were vital to start the work successfully:

e computer science education to be on the same level of
language with the projects;

e basic knowledge of databases and metrics tools;

e communication skills as most of time QA engineers had
to deal with project teams.
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Along with searching process we worked out the training
program that would cover both theoretical and practical parts of QA
activities.

We tried to look at specially developed courses or certifications
for quality assurance, but there were no such courses in Russia and
any international certification implied expenses on travel to the
place of certification. Additionally due to difference in terminology
most of the courses were oriented at testing activities and anyway
they gave only general knowledge of the subject: common
approaches to auditing, common metrics, etc. However by this time
we had a highly-matured organization process with a lot of specific
features, even auditing approach was different. So we started with
theory and prepared an induction program for newcomers at SQA
position. Then we focused on the second part of training program -
practice that can be obtained only through work with projects. We
didn’t want to let newcomers work directly with projects after
induction program was completed. What was good in 1999-2003
years did not work in 2004. Our experience showed us the necessity
of controlled practice and as a result a mentoring program was
introduced.

The created training program contains several parts which are
delivered by senior SQA staff:

e Induction training program which provides details in all
process and quality areas which are essential to perform
SQA duties efficiently. The program was established in
2004 and is being maintained up-to-date

e  Mentoring phase with close cooperation of a mentor and
a mentee within several selected projects

e Post-induction mentoring phase when a mentee works
unassisted and involve the mentor into critical issue
resolution

3. Mentoring Program

After completing induction training program a mentee starts
his/her work with 4-5 projects under mentors’ supervision. The first
approach to mentoring was the following: there was one or a couple
of mentees and several mentors depending on what projects they
worked with. In this case mentees received an experience in most of
project processes accepted in different programs. On the other side,
there were more minuses then pluses as there was no single person
of contact (you could ask any mentor, but he/she wasn’t an expert in
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the problem of other program), the learning progress was slow and
the duration of mentoring phase was unacceptable. After the failure
with the first approach we changed it the approach when one or a
couple of mentees contact only one mentor. In this case we faced the
problem when a mentee had a limited scope of projects where
mentor worked. But it was not a real problem as by this time we had
introduced program differentiation when SQA engineers had been
assigned to the projects from not more than 2 or 3 programs. The
gap in knowledge of other program’s process was closed during
sharing sessions within SQA group. For the mentoring phase we
introduced coverage matrix, checkpoints and the rules for mentors
and mentees. Coverage matrix is a table of regular
project/organization tasks implying SQA involvement (e.g. auditing,
reviews of project documents, project meetings, metrics update) and
the status of their implementation. The practice was considered as
complete when it had been done at least 2-3 times: first one with
detailed instructions from the mentor and the second or third one
unassisted with showing the results to the mentor. During the
checkpoints a mentor checked the status of coverage matrix filling
in and level of readiness to work unassisted. Step by step the
mentors delegated more and more tasks. With the conception of
single point of contact and project scope limitaiton we improvement
the process of learning and shortened the mentoring phase duration
to not more than three months.

Three generations of new SQA engineers were covered by the
program from 2004 year (8 people). The duration of post-induction
mentoring was shortened 3 times (from 1.5 year at the beginning to
up 6 months). From mid of 2006 year in spite of the fact that SQA
team consisted mostly of fresh SQA engineers the results of internal
feedback survey showed maintained level of SQA competence as
exceeding expectations.

4. Conclusion

In conclusion we would like to stress that to train specialists it
is not enough to give them only theoretical knowledge but it is
essential to obtain practice under mentors’ supervision.

We hope you can use our experience to build your own training
program for specialists that cannot be found easily at labor-market.
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CMMI and Agile — is convergence possible? An
example of international distributed project using
combined process

Ivan Gumenyuk
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Abstract

This article suggests one more consideration of the advantages
and drawbacks of two fundamental approaches to software
development and the possible combination of elements from both of
them to create a software development process for a new, large
software project under the conditions of internationally distributed
development. The article briefly lists the strengths and weaknesses
of each approach, depending on other conditions, the environment
and functional area. For example, the method for the formation of
the software development process in a project being developed in
four geographical locations by American and Russian software
engineers; how the transition from the Agile-like style to a
combined approach started and evolved, what the reasons were for
that, which advantages were obtained and which problems still need
to be solved. The article also raises the question about the necessity
of looking for new software development methodologies, which is
caused by the growing trend of reusing "off-the-shelf" software
components to create new systems. Projects with a high percentage
of reuse require most of their efforts during the design and
integration phases and for overall stability of a system, as opposed
to the traditional approach of creating systems "from scratch" in
which most of their efforts are spent on coding.

Keywords: Agile, CMMI, software development process.
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CMM u Agile — Bo3mozxeH 11 cum6mo3? Ilpumep
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Gumenyuk_lvan@emc.com
Te3ucol

B noknmame mpenmaraercss pacCMOTPEHHE JOCTOMHCTB U
HEIOCTaTKOB JIByX OCHOBOIIOJIATAIOIIUX IIOJXOAOB K IIPOLECCY
pa3paboTKM TPOrpaMMHOTO OOecHedeHus, W KOMOMHHPOBAHHE
9JIEMEHTOB 000MX M3 HHUX B XOJ€ CTAaHOBIICHMS IpoIiecca B HOBOM
IIPOEKTE CO3AAHMS KPYIIHOIO IIPOIPAMMHOIO NMPOLYKTa B YCIOBUAX
pacIpeseleHHO  MHTepHAIMOHATbHOW  pa3paborku.  Jlaercs
KpaTkuil 0030p MPENMyIIECTB ¥ HEIOCTATKOB KAXKJIOT0 U3 MOJIX0I0B
B 3aBHCHMOCTH OT obiacTeil mpumeHeHus. PacckasbiBaeTcs O TOM,
KaK NpoHCcXouiIo GOpMUpPOBAaHHE Mpoliecca pa3paboTKH B KPYITHOM
IIPOEKTE, BBINOJIHAEMOM B HYETBIPEX TeorpadUuecK yIaleHHBIX
oducax aMepHKaHCKMMU U DPOCCHUICKUMH pa3paboTYMKaMu —
nepexof oT Agile MEeTo0B K KOMOMHHUPOBAaHHOMY NTOJXOJY, KaKHe
(akTOpel TOTPEOOBaNM 3TOrO, KaKMe IPEHMYIIECTBA 3TO JAJlo,
Kakue IMpoOJieMbl MOKa HE pemeHbl. Takke CTaBUTCS BOMPOC O
HEOOXOAMMOCTH  TIOMCKa HOBBIX METOAOJIOTHH  pa3paboTKu
MIPOTPaMMHOTO O0ECIHEYEeHHs, 4YTO BBI3BAHO  YCHIIMBAIOIICHCS
TEHJCHIUI [IEPEUCIIONIb30BAHUS TOTOBBIX IIPOrpPaMMHBIX
KOMITOHEHTOB IIPU CO3/1aHUH HOBBIX cucTeM. IIpu Takoii pa3paboTke
OCHOBHBIE YCHJIHSI TpeOYIOTCS Ha dTare MHTETPalii KOMIIOHEHT U
Uil obecrieuyeHHsI HaJISKHOCTH CHUCTEMBI B IIEJIOM, B OTJIMYHE OT
TPaJULMOHHO paccMaTpuBaeMoin MIPAKTUKH HaNMCaHUA
MIPOTPaMMHOTO 00ECIIEUECHUSI «C HYJISD).

Keywords: Manuscript preparation; formatting of text.
1. Bseaenue

[Touemy s pemmn 06 3ToM HammcaTh? B mocnmennue ron-iBa s
HEOJHOKPATHO CIBIIa] OT Pa3HBIX JIIOACH, ABISIOMINXCA
mpuBepkeHIaMn  Agile moaxoma Kk paspabotke I1O, dro
CMM/CMMI mnoxxox ycrapen, 4TO OH BeAET K YCIOKHEHHUIO
mporiecca pa3paboTKU, W3JIHITHUM TpyJao3aTpaTaM W BOOOIIE 3TO
mpocto crapblii miuoxoi merox. M, HamporuB, Agile oOmamaer
Maccol NMPEeUMYILECTB U BCETAa JOIDKEH HCIOIb30BaThes. OmHaKo
MOW HeMasblii YK€ ONBIT B MHAYCTpuM pazpadotku 10 ¢ takumu

151



YTBEPKACHUAMH HE COBCEM corylacyercsi. 51 MHOro yier pabortan B
KPYIHOM KOMIIAHHHM CO 3pEeNbIM IIPOLECCOM, OCHOBAaHHBIM Ha
CMM/CMMILI. Komnanus mepBoii B Poccunm OpLTa
cepruduimpoBana Ha YpoBeHb 5 CMM, u s y4acTBOBal B 3TOM.
[Mocnennue Mou 1Ba rojia B 3TOW KOMIAHUM 51 paboTan B IPOEKTE,
KOTOPBIN JeKJIapUpOBal MCIOJIb30BaHNE METOUK U Toaxona Agile
B pa3paboTKe, OJHAaKO 3TO OBUIO HE BCeraa JIOTHYHO U
MIOCJIEI0BATENIFHO ¥ MPUHOCHIIO HEMaJI0 Mpo0JieM — OCOOCHHO MpH
CYIIIECTBOBABIIMX XXECTKUX IIJIAHOBBIX JaTax. 3aTeM s IMepeuien B
JIpYryl0 KOMIIAHWIO, B HOBBIH NPOEKT — pa3paboTka HOBOTO
MIPOJyKTa, HOBOE IIOJpa3JelicHne, HOBble mronu. M ecim B camom
Hayajle peyb Ila B OCHOBHOM 00 Agile merommkax, To depes
HEKOTOPOE BpEMS CTaJ0 IOHATHO, YTO HEOOXOAWMBI M Ipyrue
MIOJXObBI, YTOOBI CIIPABUTHCS C MPOOIEMaMH, BO3HUKIINMHU B XOJ€
paboThl 1 pocta npoekta. Tak HexoTopsie 3neMeHTsl CMM/CMMI
MOSIBWIINCh M B HalleM Ipoliecce pa3paboTku. S momarato, d9rto
KOMOMHAIMA TeX 3JIEMEHTOB, KOTOpPBhIE HEOOXOIUMBI Ul pEIICHUS
npobiemM, W ecTb HamOosiee S(PQPEKTUBHBIA NpolEecC, HEBAKHO
6ounbiie B HeM CMMI mnn Agile.

2. Mpo CMMI

OTa TiIaBa JOJDKHA HAIIOMHHUTL O TOM, 4Tto Takoe CMMI.
HemHoro ucropun, 9410 Takoe MpoIecCHbIE 00NACTH U KaKHe U3 HUX
CUHTAIOTCS KIIFOYEBBHIMH M ITOYeMy. A TakKe, KOTJa W TAe JIydIle
HCTIOJIB30BaTh MPOIECCHI, MOCTpoeHHbIe Ha ocHOBe CMM/CMMI u
0 CyIIECTBOBAaHUH MOJICIICH MpoIiecca OYeHb MOX0XHX Ha Agile.

2.1. HemHoro ucropun

C ab6pesuarypoit CMM dacTo accOnMUpPYIOT IOHATHE
waterfall model — «BomomagHass» Mojens pa3pabOTKU MPOEKTA,
KOTOpast TPENoiaracT >KECTKOE JIeJeHHe BCEHW JUTHUTEIBHOCTH
npoekTa (ONpeeeHHON 3apaHee Ha OCHOBE MpEIBAPHTEIBHBIX
OLICHOK) Ha (has3bl — HaIKCaHue TpeOOBaHUH, qHU3aiiH, KOJAUPOBAHHE,
TectupoBanue. [Ipu 3TOM M3MEHEHHE yXKe CO3IaHHBIX TpeGOBaHMiA
Ha Goyiee TO3MHKMX (Dasax He MPEAIONAraeTcs, W €ciy TO BCE XKe
MPOUCXOJIUT, TO MOKET NPHUBECTH K 3HAYUTEILHOMY W3MEHEHHIO
CPOKOB BCEr0 IPOEKTa. Buammo, 3Ta accouuanuss W SBISETCA
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npuarHOi Kputnku CMMI, Takke Kak ¥ HEOOXOIUMOCTh CO3aHUS
MOIPOOHOM TEXHUYECKOH NOKYMEHTAIIUH, YTO CUYUTACTCS OTHOM W3
OTIMYUTENBHBIX 0ocobeHHOcTert CMMI, yHacnenoBarHoit ot CMM.

OmHako 3TO HE COBceM Tak... Maccy wuHpOpMamuum o
CMM/CMMI MOXHO JIlerko HaiiTM W B KHHUrax, u B MHTepHere
(Hauatp MOJKHO c
http://en.wikipedia.org/wiki/Capability Maturity Model). Ho
HECKOJIBKO CJIOB BCE XK€ HY>KHO CKa3aTh.

CMM (Capability Maturity Model) mosiBunace B 1987 rony u
BHauajle 3aAyMbIBajlach KaK WHCTPYMEHT JUIS OLCHWBaHMSA
BO3MOXKHOCTEH  KOMIIAaHMH  BBIIOJHATH  HPaBUTEIHCTBEHHBIC
KOHTpakKTHl Ha pa3zpabdotky [10. Monens onpenersieT maTh ypOBHEH
3pENOCTH OpraHM3allMi M KPUTEPHH OLEHKH — YTO HEOOXOAMMO
HMETh Ha KaxnoMmM ypoBHe. Hauanbubiil, [loBTOpsieMblii,
Onpenenennblii, VYnpasagembldi, ONTUMU3UPYEMBIE —  Tak
nepeBoasTcs onpenenenus yposueit (Chaotic, Repeatable, Defined,
Managed, Optimized). Kpurepusmu ouenku ciayxkar KiroueBbie
[Mpoueccusie O6macTy, A KaXI0H U3 KOTOPBIX ornpezaeseHs! Liemu,
CpoiictBa u Ilpaktuku. Hannume CBOHCTB W IPakTHK,
HEOOXOMMMBIX JJIsl JOCTWXKEHHMA LeJed KaXIOro YpOBHA H
ompenenseT, AOCTUTHYT ypoBeHb wiu HeT. CTporas MoOAenb |
KPUTEpUH BeIM K HEOOXOJMMOCTH  CO3/aBaTh  JIOBOJIHO
3HAQUUTEIbHOE  KOJMYECTBO  JIOKYMEHTAallMH, dToObl  OblLia
BO3MOXKHOCTb JIOKa3aTh HAJIWYHE TEX WM MHBIX MPAKTHUK U CBOHCTB
(Bemp 3TO OBLIIO HEOOXOTUMO AJISl YCHEITHOTO OIICHUBAHHUS). MOXKHO
CKa3aTh, 9YTO OCHOBHOH menbto CMM ObTo TpuaaHue Mporeccy
pazpabotku [IO opraHM3oBaHHOCTH — TEpexoJ OT Xaoca K
YIOPAJOYCHHBIM IpolieccaM (YpOBHH 2 U 3) M ONTUMH3AIMS 3THUX
nporeccoB (ypoBerb 5). Orcioga W HEOOXOIUMOCTh HAITHYUS
JOKyMEHTAIIH, TpeOOBaHMA, TIaHa, ONMCAHUSI TECTOB, U TaK Jlanee.
OTo Takke paboTalmo W Ha MOBBIIIEHHE KadecTBa (HUHAIBHBIX
MPOIYKTOB. A Tak kak BO3HUK CMM Kak MHCTPYMEHT JJisi BIOOpa
MOJPSITYMKOB  Ha TOCYIAapCTBEHHBIE 3aKas3bl, 3TO OOBSICHSET
TpeOOBaHUS 10 CO3/aHMIO JOKYMEHTAallMd ¥ OTHOCHTEIBHO
KECTKOTo ITaHupoBaHus — oTciona U Waterfall model. Beriomanm
Takke, uro nossuicsi CMM B 1989 roay...

2.2. Yro xopomero u mioxoro 8 CMM/CMMI
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Jiiss OONMBIIOTO KOJMYECTBA OpPTaHM3AIUN JOCTATOYHO MMETH
TpeTuit ypoBeHb 3penoctu — Defined. DTo Bcero numre O3HaYaer,
YTO y OpraHM3aldd MMeEeTCs HAaOOp OIpEeeNIeHHBIX M OMHCAaHHBIX
CTaHJAPTHBIX TPOLEAYpP, KOTOPHIC OOECICUYUBAOT MOBTOPSICMOCTD
BBITIOJTHCHUSI TIPOCKTOB C 3aJaHHBIM (OTOBOPCHHBIM) Ka4eCTBOM
pe3ynbTatoB. YpoBHH 4 1 5 — Managed u Optimized — HaleJIeHbI Ha
yIpaBJICHUEC YK€ HE TMPOCKTaMH, a TMPOLECCAMU YIPABICHUS
MIPOEKTOB ¥ OPTraHU3alluH B [IEJIOM, U MX MOCTOSHHOE YIIyUIIICHHUE.

Tak kak mnosBiresne CMM ObUIO TECHO CBSI3aHO C
MIPAaBUTCIILCTBCHHBIMH (B TOM YHCIE BOCHHBIMH) 3aKa3aMH, TO
JIOTUYHO TIPENMOJOKHUTh, YTO MPOCKTHPYEMBIE CHUCTEMBI OBLTH
OONBIIMMHA W BBICOKOE KadecTBO OBUIO ONHNM M3 OCHOBHBIX
TpeOOBaHUH. DTO W OMPENeNIo JKEIaHHEe HMETh MOIPOOHYIO
TEXHUYECKYIO ToKyMeHTanuio. OTciofaa U TpeOOBaHUS 10 KauyeCTBY
MPOAYKTOB, TaK KaK IPaBUTEIbCTBEHHBIC 3aKa3bl, CKOpPEe BCEro,
ObUITM B TaKMX KPUTHUYHBIX OOJACTIX KaK  JHEPreTHKa,
3PaBOOXpaHCHME, OOOpOHHAs NpOMBIIUICHHOCT. W waterfall
MOJICIb B TaKWX MPOCKTaX, HABEPHSIKA C OOJBIIUM CPOKOM
BBIMOJIHEHHSI, ObLIA BIIOJIHE IPUMEHUMA U OTIPaBIaHHa.

CMMI (Capability Maturity Model Integration), mosiBuBIIasiCsI
B 2002 romy (Bepcust 1.1) xak pasButue u ynyumenne CMM,
OTHCBHIBACT JOMOJHHUTENBHBIC IIPOLECCHBIE OOJNACTH W SBIISCTCA
Oonee rHOKOM MOJENbIO, IOIMyCKaromed Ooiblnee pa3zHOOOpasme
MOIXO/MOB K YOpPaBICHHIO TpoekTaMu. Hampumep, wmopenei
mporiecca pa3paboTKH, KpOME BOAOMATHON, CTaJI0 pacCMaTpUBAThCS
ropa3go Oonbllle — CHOUpaNbHAs, W UTCpPAlMOHHAS, MOJICIH,
HampuMmep, yxe JoBosibHO Onusku K daszam Agile. Ho, mo-
npexHeMy, rinaBHoi uaeedr CMMI octaercst mpencka3yeMocTh H
BBICOKO€ Ka4eCTBO BBITIOJIHCHHUS TPOCKTOB.
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Kondurypanmeii, Ynpasienne Puckamu, Texnudeckue Permrenus,
Wnterpamus [Iponykra, Bepudukanms u Banumamus.

Tak kak CMM/CMMI mnpeamonararor Oonee cTporoe u
(dopmarbHOE IIIAHMPOBAaHHE M OTCJIC)KUBAHHWE IIPOEKTa, Oojee
MOJTHOE  JOKYMECHTHPOBaHWE — UWHBIMH CIIOBaMH, OOJbBIINE
HaKJTagHBIE PACXOABI - TO OTH MOAETH BpAL JH TNPUMEHUMBI K
pa3paboTkaM HEOONBIINX CHUCTEM, MAaJCHHKUM MPOEKTaM c
HEOOJIPIIMM KOJIMYECTBOM COTPYAHHUKOB, TIPOEKTaM C OBICTPO
MEHSIOIUMHUCS TPeOOBaHUAMHE, KOPOTKAM IMKIaM pa3pabotku. Ho
JUISL JUTMTENIbHBIX TPOEKTOB, HALICJICHHBIX Ha Pa3pabOTKy OOJBIIMX
MHOTOKOMIIOHEHTHBIX CHUCTEM, BBINOJIHAEMBIX OobIIMM
KOJIMYECTBOM  COTPYAHUKOB, BO3MOXKHO PpACIOJIOKEHHBIMU B
pasHeIX MecTaX, npuMmeneHue wmoaenn CMM/CMMI  BmomHe
onpaBaaHHo. Kakue mnpeumymecrsa oT wucnosnbs3oBanuss CMMI
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Ipaktuka | Paspabotka | Ympasne | VmpasneH | Texuuueck | Bepudmukarms, WHrerpa
CMMI | TpeGoBanu | Hue e e Bamupauus u ux | uus
i , | TpeboBa Kouduryp | Pemenust - | moxymentuposa | IIpomyxT
JOKyMEHTH | HHSAMHI arueit JOKyMEHTH | HHE a
PpOBaHUE POBaHUEC
CroxHast ++ ++ +++ +++ +++ +++
cucreMa, MHOTO
yacTen
JIIMHHBIA UK ++ ++ ++ ++ ++ n/a
Bsicokue +++ +++ +++ +++ +++ +++
TpeOOBaHUS K
Ka4yecTBy
MHoro +++ ++ +++ +++ ++ +++
COTPYJHUKOB,
pacrpeeneHHast
pabota
TpeboBanus ++ + + ++ ++ +
MaJjio MEHAIOTCS
IIpocras + + ++ + + +
cucrema
KopoTtkuii ik + ++ ++ + ++ n/a
Hesricokue ++ ++ ++ ++ ++ ++
TpeOoBaHUs K
Ka4y€CTBY
Maio + + + ++ + +
COTPYIHHUKOB,
pabota B OfHOM
MecTe
TpeGopanus ++ +++ + ++ ++ ++
H3MCHYHNBBI
OcuoBubiME  [IporeccabiMu  O6IacTIMH  MOXKHO — CUYHTATh
VYnpasienue TpeboBanusIMH, PazpaboTka TpeboBanwmit,
[InanupoBanue IIpoexkra, OtcnexuBanue IIpoekra,
Hurerpuposannoe VYnpasienue [Ipoextom, VYnpasnenue




OUYEBHIHBI A1 MOZOOHBIX MPOEKTOB? A TaK)Ke KaKOBBI HETOCTATKH
stoit mogenu? [lompoOyem mokas3ate B BHAE TAOJHMIBI HAa MIpUMEpe
HECKOJIPKUX TPOLIECCHBIX 00acTel W MPAKTHK. 3HAKH «+», «++» H
«+++» MOKa3bIBAIOT BaXKHOCTh U MOJIE3HOCTh PUMEHEHUS MPAKTUK
JUIsL YCIIOBUIA, ONPE/ICNIEHHBIX B JIEBOM CTOJIOLE.

Kax Bugno u3 tabmuisi, CMM/CMMI nogxomur mas JIHHHBIX
MIPOEKTOB (TIporpaMM) M OOJIBIINX OpraHM3alMi, KOTrJa CO3JAr0TCs
CIOKHbIE MHOTOKOMIIOHEHTHBIE CHUCTEMbI C ITIOCTaBKAMU HOBBIX
Bepcuid Kaxapie 9-12 MecsieB U OTHOCHTEIBHO OONBIINM YHUCIIOM
COTPYIHHUKOB, BO3MOXHO, yIAJICHHBIX APYT OT Apyra. OTH (aKTopsl
OTIPENENSIOT  HEOOXOIUMOCTh  XOPOIIETO  JOKYMEHTHPOBAHHMS
CHCTEMBbI — IOKYMEHTAIs TOJDKHA CITY>KUTh OCHOBOH paboT, 4TOOBI
ObITh yYBEPEHHHIM B TOM, YTO pa3lWYHBIC TPYNIB HMEIOT
OIMHAKOBOE IOHMMAaHHE TpeOoBaHUH, IW3aliHa, WHTEPQEHCOB,
TecToB. Bpewms, moTpadeHHOe Ha HalWCAaHUE JOKYMEHTAIWH,
BIIOCJICAICTBM KOMIICHCUPYETCS OBICTPOTOH HaXOXKJIEHHs HYKHOU
HHPOpPMALIUK  JIIOOBIM  YEIOBEKOM,  YIIPOIIACTCS  MOIICPIKKA
CHUCTEMBl M BHECEHHE M3MEHeHMH Oe3 moTepu KauecTBa. B cimyuae
pacrupeneneHHOW — pa3pabOTKM  €CTh  3aBUCHMOCTH  MEXAY
KOMaHJaMH, OTBEYAIONIMMM 3a pa3lN4Hble KOMIOHEHTHL. OTO
03HauaeT  HEOOXOAMMOCTh  XOPOUIETO0  IJIAHUPOBAaHHUS |
OTCIIC)KUBAHMS  COCTOSIHUSI  NIPOEKTa, YTOOBI  MPEIOTBPATHUTH
OJIOKMpOBAaHUE OJHMX KOMaHJA APYTMMH W TE€M CaMbIM H30erarhb
3aJIepIKeK. HeoOxoaumocTh ~ KayeCTBEHHOTO  YIPABICHHS
KOH(Urypanueil KpaliHe Ba)XHa B YCIIOBUSAX pacHpe/IeIeHHOH
paboThl, M I CIOXXKHBIX MHOTOKOMIIOHEHTHBIX CHCTEM. 1O ke
caMoe MOXKHO CKa3aTb M TPO HHTETPALMI0 MPOAYyKTa — IS
CIIOKHBIX ~CHCTEM MHTErpaunusi JOJDKHA OBITh  THIATENbHO
CIUTAHUpPOBaHa, OCOOCHHO B  YCIIOBHSIX  pacHpemeseHHOU
pa3pabotku. B xakux npeameTHsIx obmactax paspadorku I10 moryt
CyIIIeCTBOBATh MOJOOHBIE YCIOBHS M NMPOEKTH? Bo MHOrHX — 3TO
OTHOCHTCS K pa3paboTKaM JIOOBIX KPYITHBIX cucTeM, Harpumep 110
UL TEJIEKOMMYHUKAllMOHHOH  MH(PAacCTPyKTypBl,  CHCTEMBI
KOHTpPOJISI OOJBIINX IPOWU3BOJCTBEHHBIX KOMIUIEKCOB, CHCTEMBI
00paboTKM M XpaHEeHHs JaHHbBIX, AaBHOHUKA, H T.II.

Bcé, ckazaHHOE BbIIIE HE CTONIb BAXKHO JUISI HECIOXKHBIX CHCTEM,
pa3pabaTbiBa€MBIX ~ HECKOIBKHMHM ~ HMH)XEHEpaMH B OJHOM
noMenieHuu. J[ns Takux MPOEKTOB HAKIAJAHBIE PAcXOAbl IpH
nucnons3oBannd CMMI HeompaBaaHHO BBICOKH. HeoOs3aTenbHO
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IUcaTh ACTalbHBIE TPEOOBAaHMS M IMOAPOOHBIN AWM3aiiH, €clnu BCs
pa3spaboTka BemeTcs Tpynmod w3 S5-7 UeENOBEK, eXKEITHEBHO
0o0CyXIaomux Bce AeTanu paboTel. «BomomamgHas» Moznens Bpsin
JI IPUMEHUMa, €CIIM MPOAYKT Aenaercs 3a 3-4 mecsana. TyT kak pa3
npuMeHeHne Agile METOMK BIIOJIHE ONpPaBIaHHO — JUISl MaJICHBKUX
NIPOEKTOB,  CTapT-alloB, MPOEKTOB B  YCIOBUSAX  OBICTPO
W3MEHSIOINXCS TPEOOBaHUIA.

3. IIpo Agile

O metomonorusx Agile HammcaHO (HampuMep, MOXKHO HadaTh C
http://en.wikipedia.org/wiki/Aqile_software development ) ceiiuac,
Kaxercs, yxe Oonpme, yem o CMM/CMMI, xota 310 u Oomee
MoOJIo[Ioe sIBIICHWE, TMosiBHBIIEecs B cepenmae 1990-x. Agile
ManudecT, CIUTAONNA KaHOHHYECKUAM OIIPEIeIICHUEM TIPUHIIUTIOB
Agile, 6bu1 onyoaukoBan B 2001 roay. Ceityac nmox cioBom Agile
MOHMMAIOT TPYIIy MeTonojoruil paspadorku 110, ucnonap3yromux
UTCPAIMOHHYI0  Pa3pabOTKy, IMOCTOSHHOE  COTPYJHHYCCTBO,
aIalITHBHBIC MPOLECCHl YIPABICHHUS HA MPOTSDKCHHH BCEH KH3HU
mpoekta. Agile mnpeamounTaeT BBIMOJHCHHE pAOOT MaJbIMU
UTepAIMSIMA C MUHHUMAJIbHBIM IUIAHKPOBAHHWEM, YTO ITOMOIaeT
MUHUMH3HPOBAaTh PUCKH ¥ OBICTpee  amalTHpOBaThCcI K

HM3MCHCHUSIM. Agile TaKKe Tperoiaraet (Xeh113113% )
OTBETCTBECHHOCTh Pa3pabOTYNKOB W MHUHHMH3ALNUIO TPOCKTHOH
JIOKYMEHTaLUH. Baxneiiieil =~ XapakTepUCTHKOW  SIBJSIETCA
MIOCTOSTHHAS paboTOCIOCOOHOCTD MPOJyKTa, JacThle

IIPOMEXKYTOUHbIE penusbl. [IIupoko u3BecTeH Taxke MPUHLHUI «test
first», To ecTh BHauaje pa3pabaThIBAIOTCA TECTHl JUIA MPOIYKTA,
KOTOpBIE U ABISIFOTCA TPeOOBAHUAMH K €ro (pyHKIIMOHaNbHOCTH. He
CTOWT, HAaBEPHOE, IIOBTOPATHCS 31€Ch, OIMCHIBAsS pPa3IMYHbBIC
MIPAaKTHKH, HCTIONB3yeMble B Agile.

4. Or Agile k CMMI - coBMecTHas ;KH3Hb

B opranmsamum, rae s ceiigac paboTaro, MpOIEccH pa3paboTKu
TIO Bcé emié HaxomsaTCs Ha JTalle CTAHOBJIEHHA. MHE KaXkKeTcs, Ha
3TOM HpPUMEpPE MOXHO XOPOIIO II0Ka3aTh IPEUMYIICCTBA H
HEJI0CTaTKU 000WX TOJAXOJO0B M 3BoJiomuio oT Agile k Oonee
“CMMI-like” moxxomy.
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Jdnst  pa3paboTku HOBOro Impojaykra (Ha ©0asze JABYX yxKe
CYIIECTBYIOIIUX) OBbII CO37aH HOBBIM OTAe. BHavane coTpyiHHUKOB
paboTaio He OYEeHb MHOIO, BCE OHHM OBUIM DPACIOJIOKEHBI B
Amepuke, XOTs M B IBYX oducax B pa3HbIX mrTaTax. Henumine
YIIOMSIHYTb, YTO JUIsl HOBOTO OT/IENA OTOUPANIHN JIyYIINX UHKEHEPOB.
Pabora Benack ¢ ucnosbp3oBanueM Metogoioruun SCRUM:

. EsxenHeBHBIE KOPOTKHE MUTHHTH B MajlbIX IPyIIax, 3aTeM
Scrum Of Scrums;

. TpexMmecsyHble HTEpALMH, 3aKaHUMUBAIOIIMECS 0a30BBIMH
penusamu (base releases);

. Ureparust pazaeneHa Ha 3 oTpe3ka Mo Mecsity (sprints), Ha
KaXIbIl CIPHUHT JeNaeTcsi IUIAaHMPOBaHWE pabOThl HCXOIs U3
umMmeroInerocs crucka 3anau (backlog);

. Yacrele, eciu HE €)Ke/IHEBHBIE, COXpaHEeHHMsI
paspaboraHHoro koma B oOmmd  pemosuropwit  (trunk  —
UCIIONB3YeTCsST CUCTEeMa BEPCHOHHOTO KOHTpousisi  Subversion),
€XKEHOII[HOE [TOCTPOCHHE TIPOAYKTA ¥ BHITIOJIHEHHE Unit tests.

OnmHako, TpPUMEpPHO Yepe3 IMOJroJa CTAJIM  Hapacrarb
npobsembl... IlepBoHauaabHOM 3amauell OBUIO HM3TOTOBJICHHUE
MPOTOTHIIA, CBoero poaa proof of concept. Ito ObLIO cAenaHo, U Ha
9TOM JdTale B3aUMOJCHUCTBUS KBaTH(UIIMPOBAHHBIX HH)KEHEPOB
MEKITY coboii xBatajo JJId TIOHUMaHWA TCEKYIIUX 3alad U HuX
yCreurHoro BBIITIOJIHCHU . Ho IOABJIAJINCH HOBBIC
BBICOKOYPOBHEBBIE TpeboBaHusl, apXUTEKTypa MIPOLYKTa
NpoJoJDKaia YCIOXKHATHCS, YTOYHSUIUCh TpPeOOBAaHUS HHU3KOTO
ypOBHA K (YHKIMOHAIBHOCTH MNpPOAyKTa. JTa paboTa Benach B
OCHOBHOM IIPOCKTHBIMU APXUTCKTOpaMHu, n n3-3a pocTta
YHUCJIICHHOCTH COTPYAHHUKOB BCE€ OHHU YKC HE MOIJIM NPHUHUMATH
ydactie B oOcyxaeHusx. Ilo mepe mobaBienus tpeOoBaHMH U
YCIOXKHEHHs JHM3alilHa CHUCTEMbI, pOCJIO YHCIO 3aJad |
B3aMMO3aBUCUMOCTEN MeXTy HUMU. J[0OaBIISITUCH KOMIIOHEHTHI U
(YHKIMOHATBHOCTh W3 TPOTYKTOB-TIPEAIIECTBEHHUKOB. OO0BEM
Koma poc, CTaJo HE00X0ANMO 3a]lyMbIBaThCSI 0
MOCIIEZIOBATEILHOCTH HMHTETPAIMA KOMIIOHEHTOB B trunk, 9TOOBI
cUcTeMa BCe BpeMsi 0CcTaBajiach B paboueM coctosiHuu. [IpuMepHo B
9TO BpeMsi Oblla cO3/1aHa Halla MHXeHepHas rpymmna B [letepOypre
— HamboJlee ynalleHHas W reorpaduyeckd, U M3-3a JAPYroro s3bIka
oOIIeHNs, U HaxOoIdImas APYroM dacoBoM mosice. OTOpBaHHBIE OT
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OCHOBHOT'O KOJUICKTHBA, MBI HCIBITHIBAIM TPYAHOCTH U3-3a
OTCYTCTBUSI JIOKYMEHTAllU¥, KOTOpas IOAPOOHO oOnuchiBaia Obl
Ju3aiiH  cucteMbl (a MOpPOH M JJEMEHTHl apXUTEKTYphl) H
TpeboBaHus K OTIeNbHBIM features. V3-3a yBenmueHus napasuiesbHO
paspabaTbiBaeMOll  (YHKIIMOHAIBHOCTH, HEPEIKU CTalH Cilydyau
«mOJOMKM» trunk Tociie HeKOTOphIX j00aBlieHHH Koxa Tyda. beiia
o0Opa3zoBaHa TpyIlIa TECTUPOBAHUs, KOTOPOH TpeOoBaslach ueTKas
nHdopmanus o0 coaepkamielicss B penn3ax (QyHKIMOHAIBHOCTH U
NpeABsIBIsIEeMbIX K Hel TpeOoBanuil. TakuM oOpa3om, crana sicHa
HEOOXOIUMOCTh CJIEAYIONMUX ACUCTBUM, YTOOBI yIy4IIHUTH HAly
IIPOU3BOIUTEIIHHOCTD:

. Co3manve W OOHOBIICHHE CHCTEMHOHM crenudukaimy,
ONMCHIBAIOLIEH apXUTEKTYPY CHUCTEMBI, 3aBUCHUMOCTH MEXIy
KOMITOHEHTaMH, JIeTATM3UPYIONYI0 (QYHKIMOHAIBLHOCTh features u
UX 0TOOpa’KeHHE Ha MOJYJIM CHCTEMBI.

. Co3nanne feature teams u HMX IUIaHOB paboOThl B
COOTBETCTBUHU c CHUCTEMHOMU cneuudukanuen (BmMecTO
pacmpeneneHus 3a1a4 u3 o0Iero 03KI0ra)

. Beenenue mporeayp mo pabore ¢ trunk - Habop
o0s13aTenbHBIX AeicTBUit iepen check-in, orpanuuenue check-in to
trunk B cirydae ero HecTaOMJIBHOCTH (ellle paHee ObUIN OlpeaeIeHbI
npaBuiia pabotel ¢ BeTkamu (branches))

. [MnanupoBanue MHTErpanuii [OOABIIEMBbIX B trunk HOBBIX
features nim ux yacrte

. Co3maHue TECTOBBIX IUIAHOB, OOIIETO JUIA MPOTYKTAa U Ha
kaxnayto feature

. OTKa3 OT KBapTaIbHBIX PEIU30B U 3aMEHA MX MECSYHBIMU
IJIaHaMH, COCTOSIIMMHU M3 Habopa feature drops, oxXBaThIBaOIIETO
HHTEPBAJ B HECKONBKO MECSIEB 0 MOMEHTAa OKOHYAaHMS 3Tama
HUMILJIEMEHTAIN

. YnopsigounBanue nporenyp paboTs ¢ nedexramu

. VYiydmieHne aBTOMAaTH3UPOBAHHOTO MTOCTPOSHHS OWMIIIOB |
WX TECTHPOBaHWSA, a Takxke WHGOpPMAIMA O pe3yiabTaTax
TECTHPOBAHUS M COCTOSHUA trunk.

Bcé€ osro snementl w3 mpaktuk CMMI, oHM BBOOWIHCH H
MIPOJIOJIKAIOT TOOABIATHCS MO0 Mepe HeoOXoauMocTH. VX BBejeHUe
MTO3BOJIMJIO 3HAYUTENBHO YIyUYIIUTh 00OMEeH WH(OpManueld BHYTPHU
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otaena, n30aBUTHCS OT IPOCTOEB B Clydae HECTaOWJIBbHOTrO trunk,
yIy4dlIUTh IUTAHUPOBaHME M YIPaBIseMOCTh Ipoexkra. Ha Moit
B3MUISL, 3TO UMEHHO npumep nodasienus anementoB CMMI B tot

crnerka xaotuuHbsld M Agile-like mpouecc, KOTOpBIA cymiecTBOBaI
BHayare.

5. Komo0unupopanme Agile u CMMI

C TOYKM 3peHHs MOJENHPOBAaHMS Ipolecca pa3paboTKH,
CYLIECTBYIOT MOJICIIH, COBMEIIAIOIINE TpaJHULHOHHYIO
«BOAOTIAAHYIO» MOJC/]Ib U UTCPATUBHBIC IMOAXOMbI, CBOMCTBEHHBIE
Agile — Hampumep, crupanbHas MOJeNb, co3naHHas emié B 1988
roay.

A Cumulative cost

Progress ;
1. Determine objectives e 2. ldentify and
resolve risks
T "\, Risk analysis ",
™. Risk analysis \_
. Risk analysis ™\ \
N / / Require- \
Review i / ments plan > \ Oparational |
o { { \ Prototype 1 | Prototype 2 | Frofotype |
< | | | ! ]
\ Conceptof | Conceptof / Require- | |
\_operation | require- ments / Draft /| |
ments_ / Detailed /
T /  design
Development | Verfication o / /
. plan | & Validation _~ p y
~ e Code /
Test plan | Verification e Integration
- &\Validation " p
4. Plan the next Test
iteration Release | Implementation
-~
3. Development and Test

Kak wu3BectHo, CMMI MOXeT WUCHIONB30BaTh TIOOYI0 MOJENb
mporecca pa3paboOTKu, a OTHIOAB He Tonbko Waterfall model.
Hanpumep, Takas wurepaTuBHas MOJEIb COBEPIICHHO HE
mpoTuBOpednT Metoponoruu CMMI:
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Business value is delivered incrementally in
time-boxed cross-discipline iterations.

Inception | Elaboration Consiruction Transition
I1 El | E2 c1 c2 c3 c4 | TL | T2
Business Medeling
Requirements ! |
Analysis & Design _‘_‘—‘—-———._._________
Implementation |_—1 I
Test
?x—.
Deployment
1 1 1
Time =>

CoBMelieHre  TPaAULMOHHOTO  IUIAHUPOBAHMSI  JITUTEIBHBIX
OTPE3KOB BpEMEHU (HampuMep, Ha TMOJIroja) Ha BHICOKOM YpPOBHE
ynpaBieHuss U exeqHeBHBIX SCRUM MHUTHHTOB B MaleHBKUX
rpymnmnax, paboTaroUIMXx HaJ KOHKPETHBIMHM 3aJadaMu, OOBIYHO
BCET/Ia MPOUCXOANT B KPYMHBIX KoMnaHusax. [IpaBna, mpu ycioBuu,
YTO TOM-MEHEIKMEHT TOTOB CKOPPEKTHPOBATh IJIUTEIBHBIC IDIAHBI
B 3aBHCUMOCTH OT TEKYIICH CUTYaIIHH.

CMMI wmoxer oOecneduTh OONBINYIO TUCIHIDTHHAPOBAHHOCTH
pa3pabotke, Bemymieiics mo meronoiorun Agile. Ecim konmdaecTBo
WH)XEHEPOB, PabOTAIOMMX TONBKO HA trunk, yBETHYMIOCH W trunk
CTaln HeCTaOWJIBHBIM — 3HAYUT, HAJ0 BBOJUTH MpPaBHJa MOCTaBKU
koma B trunk, a 3T0 momagaer B mporeccHyr oOiacte CMMI
«Ynpasnenue Kondurypariueit», 1 Moxer ObITh e «MHTerparms
IIponykTtay. B mr0o00oM mMmpoekTe ¢ caMoro Hayaia CyIIeCTBYIOT
yIpaBlieHUe TMPOEKTOM, TUIAHUPOBAHUE U OTCIICKUBAHUE — U, €CIH
3aHATHCS (OPMAIILHBIM OMHUCAHUEM TOTO, KaK 3TO MPOUCXOIHUT, TO
MOXET OKa3aThCsl YTO MPOLECCHl BHOJHE cOOTBETCTBYIOT CMMI.
Tak 4TO, HEMPHUATHE HEKOTOPBIMH TOPSYMMHU CTOPOHHHKaMH Agile
metoosioruii CMMI MOXKeT OBITh JIUIIL CBUAETEILCTBOM HE OUYEHb
XOPOIIEro TTOHUMAaHUS 3TOW O0JIACTH.

5.1. Jo6asiasiem CMMI B Agile...

Korga MoxeT ObITh MmoJIe3HO 0OpaTUTh BHUMAHHE HA «apceHal
TEXHOJIOTHI» U3 apyroro jareps? Ecnm Bel paboTaeTe B MpOEKTE,
HadaToM Kak Agile, To MOXXHO pacCMOTpeTh TakHe CHUTYalWH, B
Ka4yecTBe IpHMepa:
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*  VBenMUMIOCh KOJMYECTBO WHXKEHEpOoB M trunk cran
HecTaOMIpHBIM? (TOmyMailite o Oojee (opMaIbHOM IOAXOAE K
MoCTaBKe Koja B trunk)

* He mnomywaercst OblcTpo HCHIpaBHUTh AEe(HEKT B BEPCHUU
NPOJXYKTa BBIMYIIEHHOW TIOJl Ha3aja, TaKk Kak aBTOp KoJa YIIEN U
HUKTO HE TMOHHUMAeT KaK 3TO JIOJKHO pabotarh? (momaymaiire o
JOKYMEHTUPOBAHUH, XOTA OBl MOCIIE KOXUPOBaHWSA, AM3alHA W
unrepdeiicon)

* Ilpoekr paspactaercs, mnosiBWiIcS GWIMAI B JPyroM
ropoze? (4ToObI M30eXkKaTh MOTeph BPEMEHH Ha IMOUCK MH(popMAaIm
HOBBIMHM WIEHAMHU KOMaH/bI, HE TI0pa JIM HalMcaTh crenudukammm
CHCTEMBI U Pa3MECTHTh UX B OOIIEIOCTYITHOM PENO3UTOPUH)

* Ilocrne oxkoHYaHUS TECTUPOBAHHS BIAPYT BBIACHHIOCH, YTO
omHa W3 (QYHKIMOHANBHBIX oOOlacTed He MOXeT OBITh
oTrTecTrpoBaHa? (MOXET OBITh, OBLIO OBl TOJIE3HO 3apaHee IaTh
TECTOBOI Tpynme TMoJjiHble TpeOoBaHUsA, B TOM 4HCIE U K
OKPYKEHHUIO CUCTEMBI)

*  Iloxa Bbl HECKOJIBKO UTEpALUil yIydllaau U epeAeIIbIBaIN
Balll MPOJYKT, BBISICHUIIOCH YTO KOHKYPEHTBI YK€ BBIITYCTHIIH CBOM,
1 Ball yXke BpAA JU KynsaT? (Haxo OBbUIO 3apaHee 3alIaHHPOBAaTh
JaThl BBIXOJa Ha pPBIHOK, T.6. OCYLIECTBHTh JOJITOCPOYHOE
IUTAHUPOBaHHE)

U tax nanee... [IppuMepsl MOXKHO MPOJIOIKATS.

5.2. Hobasasiem Agile B CMMI ...

Tenepr MoCMOTpUM C APYrol CTOPOHBI, €CIM TNPOEKT ObLI
opuentupoBan Ha waterfall-like mMonenb mpouecca co crporumu
MIPAaBHUIIAMH. . .

*  Hanucanue nu3aifHa 3aTSHYJI0Ch, 1 COPBaHbI CPOKM Hayasa
koaupoBauus? (ITomormo Ol TUIaHMpPOBaHME Havajda KOAWPOBAHHSA
cpa3y IOCie NPHHSATHS OCHOBHBIX pEILICHHII 00 apXuTeKType,
BMECTE C YTOUHEHHEM JIeTalleil Au3aiiHa, B HECKOJIbKO UTEPaIlHii)

e I'pynma TtecTHpoBaHHS TOBOPHUT 4YTO HE MOXET Ha4aTh
TECTOBBIM IIMKJ, TaK Kak pa3pabOT4MKu BCE eI He BBITYCTHIH
¢unaneHylo Bepcuto? (TectupoBumku Moram Okl HavaTh
TECTUPOBAHUE YK€ JJaBHO, OTJIA)KMUBAsi TECTHl W MOITYTHO HaXOJsd
nedexTsl HauMHAsg C caMbIX INepBOM paboTocrnocoOHOM Bepcuu. A
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emé Jry4mre, ecau OBl TEepBBIE TECTHI OBUIM OBl TOTOBHI €mIE IO
TIOSIBIICHUS TIepBOi paboueii Bepcun (mpuHIUT test first)).

*  Pa3paboTunku XKamyroTCs, 9TO TpOBeIeHHE (HOPMAITbHBIX
0030pOB KOJa 3aHUMaeT MHOTO BpeMeHH, a Je(eKThl BCE paBHO
noToM Haxoasat? (caenaiite mpouecc code review Oosee IPOCTHIM,
HO ofecneybTe BpeMs sl ITOr0 CBOMM Haubojee ONBITHBIM
HH)XEHepaM)

* B mpoexte paboraer 30 yenoBek U BBl OOJNBIIE HE MOXKETE
OTCIeKUBaTh YTO npoucxoaut? (MoxeT O0biTb SCRUM B cocTosHUM
MIOMOYb — MPOBEACHHUE Scrum-meetings B MajiblX TPyHnax U 3aTeM
scrum of scrums ¢ UX JUAepamMu)

OmATh e, CIUCOK IPUMEPOB MOXHO MPOJIOIKHUTE. ..

6. 3akiaioueHue

Wrak, Ha MOM B3MJIA[, SBISAETCS OYEBHIHBIM KOMOMHUpPOBaHHE
MmeronoB Agile u CMMI, u ecnu BIymaTbesi, 3TO MPOHUCXOIUT BO
MHorux mpoektax. CobctBenno, CMMI mpocto 3akperuisieT
(opManbHO MHOTHE TPAKTHKH, KOTOPbIE W TaK HCIOJB3YIOTCS B
pas3BuThIX U 3pensix Agile-mpoekrax. 910 MHEHHE HE HOBO — BOT
aro ToBOPHT 06 3ToM Mapk ITomk®: «...Ha OCHOBAHHH MOMX
METOJIOB OLICHKM OpraHu3allys, KOTOpas ClenyeT TOJIbKo agile-
MeToJMKaM, 0e3 Tpyna JOCTHTHET TpeTbero ypoBHs Moxenun CMM.
B aTHX MeroAukax HET HHYEro, 4TO BOLLIO OBl B KOH(IHMKT ¢
TpeOOBaHUIMHU TPETHETO YPOBHS.

B mnocnenHee Bpemsi BCE sACHEE CTaHOBUTCS TEHJICHIIMS
CO3JlaHMsl HOBBIX MPOJAYKTOB HE IyTeM HaIMCaHMs KoJa, a

3 ABTOpP MOJIETH 3PEIOCTH MPOIIECCOB Pa3pabOTKH MPOrPaMMHOTO
obecrieuenus (Capability Maturity Model, CMM). Mapxk IToik, B
TEYCHHUE TTOJIyTOpa JIGCSITI/IHCTI/Iﬁ 3aHUMAaBIIHICS Pa3BUTHEM MOIECIN
CMM, - npu3HaHHBIN Iypy B 00JIaCTH OLIEHKH KadecTBa
WHJTyCTPUAIILHON pa3pabOTKH MPOTPaMMHBIX NPOyKTOB. CeroHs
OH BEJICT UCCJICAOBAHUA MTPAKTHUK BBICOKOTO YPOBHA 3pCJIOCTU
pa3pa60T1<H MmporpaMMHOTO 06€CH6‘IGHI/IH, a TaKXKe pa60TaeT Hazx
CO3JaHUEM MOJECIH 3PEIIOCTHU NPOLIECCOB B I/IT-aYTCOPCI/IHFG
eSourcing Capability Model (eSCM).
http://www.consulting.russee.com/pressroom/inthepress/16-11-2004
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MHTETpallel YK€ TOTOBBIX KOMIIOHEHTOB, C Ooyiee WM MEHee
3HAYUTEIbHOW MOAM(PHUKAINEH 3THX KOMIIOHEHTOB. JTO yCKOpSET
BBIBOJI TMPOAYKTOB HA PBIHOK, HO MpoIliecC pa3pabOoTKH, W MOAEIH
mporecca TyT TpeOyrorces yxke unble. Crapas waterfall model Tyt
nepecraeT paboTaTh COBCEM, TaK € KaK M HEKOTOPHIE METOJbI
OLIEHKH TPYIOEMKOCTH  — Belb (aza KOJAMPOBAHUS CHIIBHO
yMeHbIIaeTcs. 3aTo Ha MepBOE€ MECTO BBIXOAUT (ha3a MHTErpaluu U
UCIIPABJICHUS OIIMOOK, a TaKKe TECTHPOBaHMS. XOPOLIO, €CciH
MOJKHO OBITh yBepeHHBIM B 100% HameKHOCTH MEepercIIoNb3yeMbIX
KOMIIOHEHTOB — HO 4Yalle 3TO HE TaK; WIH, CJleJIaHHbIC
Mogu(uKauy TPEOYIOT ITOJHOTO TECTUPOBAHWS MEpENEIaHHOTO
MOJYJIs, IPUYEM B COCTAaBE CHUCTEMBI HennkoM. Ilponece co3nanus
MIPOJXYKTa B TAKOM CIIydae MOXKHO H300pa3HTh TaK.

Co3znanue TTouck
TpeboBa- MMOAXO IS~
HUH H 1110704 Momudukanms
apXUTEK- pelIeHmi KOMIIOHEHT
TYpHI
TectupoBanue WuTerpanus TectupoBanue
KOMITOHEHT KOMITOHEHT MIPOYKTA

Takoif TOAXOM K CO3JaHUIO CHUCTEM MOXET IIPUBECTH K
BHeceHHIO crienuduueckux momomHernii B CMMI u  Agile
MOAXOBI.
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Abstract

Reverse Semantic Traceability (RST) is a quality control
method that allows minimizing inconsistencies between inputs and
outputs of every step in a software development process. For each
step, before proceeding to the subsequent ones, the current inputs
are restored (reverse engineered) from the current outputs, and
compared to the original versions of inputs. If they are semantically
different, then some corrective actions are required to eliminate the
inconsistency.

Previously RST was successfully used within projects that
employed “formal” methodologies. This paper describes experience
of integrating RST into one of agile methodologies (Microsoft
Solutions Framework for Agile Software Development). The paper
also provides a case-study of using the new combined methodology
in a small software development project.

Keywords: INTSPEI P-Modeling Framework, agile processes,
Microsoft Solutions Framework (MSF), quality control.

1. Introduction

Most currently used Software Development Life Cycles (SDLCs)
have the same drawbacks in common. For large projects the most
important decisions and the most expensive mistakes are done at the
very beginning of the project, and then as the development moves
forward the cost of mistakes goes down. This idea is illustrated on
Fig. 1 [1]. At the same time, the amount of quality control activities
is minimal at the beginning of the project but is increasing as
development progresses. Hence, important analysis and design
mistakes are usually discovered on the latest phases of the
development process which leads to expensive rework.
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There are two ways to deal with this problem: to shorten
development iterations and make them more frequent, and to
incorporate additional quality control techniques to identify analysis
and design mistakes when they are introduced — not on the latest
phases of development. The first approach became extremely
popular recently as agile methods spread over the world [2]. Short
iterations allow frequent customer feedback; also automated unit
testing can be applied early in the project. However, for large
projects the approach of shortening iterations does not work well;
there is a need for quality control methods that utilize the second
approach. Such methods include various forms of software reviews
[9], as well as recently developed Reverse Semantic Traceability — a
part of INT(SPEI P-Modeling Framework [3].

Cost to Correct

Maintenance
Construction
Detailed Design
Architecture

Requirements

Requirements
Architecture

Detailed Design
Construction

Phase That a Defect is Created  Phase That a Defect is Corrected

Figure 1. Software defects costs

INTSPEI P-Modeling Framework was first applied in large
projects and got successful results described in [5]. Initial feedback
from early adopters of INTSPEI P-Modeling Framework suggested
that it could be used in agile projects as well. Therefore, we have
created an integrated process that combined P-Modeling Framework
and one of agile processes — Microsoft Solutions Framework for
Agile Software Development (MSF Agile) [16]. Paper [6] describes
our experience of integrating P-Modeling Framework with MSF
Agile, and also provides technical description of the resulted
integrated process. In this paper, we focus on methodological
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aspects of applying P-Modeling Framework in agile processes
(exemplified by MSF Agile), rather than on technical details. This
paper also contains a case study that demonstrates how to use
Reverse Semantic Traceability together with agile methodologies.

The rest of the article is organized as follows. In Section 2, we
present an overview of Reverse Semantic Traceability and compare
it with other similar approaches. Section 3 outlines the integration of
P-Modeling Framework with an agile process — MSF Agile. Section
4 describes a small case study of using RST (and P-Modeling) in
agile project. Finally, Section 5 summarizes conclusions and
presents the directions for future research.

2. Reverse Semantic Traceability

This section provides brief description of a new quality control
technique, Reverse Semantic Traceability, which is the most
important part of the INTSPEI P-Modeling Framework. Also we
compare RST with other similar approaches found in literature.

2.1. The idea of the method

Reverse Semantic Traceability (RST) is a quality control method
that allows testing consistency between inputs and outputs of every
process step. For each step, before proceeding to the subsequent
ones, the current inputs are restored (reverse engineered) from the
current outputs, and compared to the original versions of inputs. If
they are semantically different, then the step has to be repeated more
precisely to eliminate this ambiguous understanding.

The key word in the name of this method is “Semantic” because
the original and restored versions of an artifact are to be compared
semantically, with a focus on the “meaning” of this artifact, not on
particular notions used in it. Hence, the reverse engineering and the
evaluation of the semantic difference must be performed by human.
Based on this evaluation, a quantitative value can be assigned to
each traceability relation between inputs and outputs.

The previous research related to Reverse Semantic Traceability
focused on core ideas behind RST [3], as well as its application in
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education [4] and in large industrial projects [5]. In particular, paper
[5] demonstrated that Reverse Semantic Traceability method could
be used successfully for large projects that utilize formalized
methods such as RUP or MSF CMMI.

INTSPEI P-Modeling Framework is not discussed here in detail.
More detailed discussion of this methodology can be found in [3-8].

2.2.  Similar techniques

RST improves existing quality control procedures, such as
software inspections [9], by utilizing elements of reverse
engineering and traceability management approaches. In this section
we compare RST with similar techniques.

RST uses the procedure similar to software reviews and
inspections [9-11], when reverse engineers read the “text” of the
translated artifact to restore the original artifact. Dunsmore et al.
propose the similar technique for reading object-oriented code [10].
However, the distinction of RST is that the reviewer is not allowed
to be familiar with the input artifacts — he should restore them from
the outputs. RST also adds one more step to the review process,
namely comparing restored and original artifact. It helps to ensure
that the output artifacts do not conflict previously created input
artifacts (e.g. architecture is created according to the requirements or
bug fix was performed according to bug description). This
additional step also increases the efficiency of the review process, as
reviewer (reverse engineer) has to examine the translated artifact
more precisely in order to restore the original artifact.

There are also many solutions for capturing traceability relations
between project artifacts on different stages of SDLC [12-15].
Traceability is used to establish links between requirements and
source code fragments implementing these requirements, as well as
to estimate effect of changes in requirements on source code [12].
Research in this area concentrates on metamodels for traceability
process [13], usage scenarios of traceability [13, 14], automatic
creation of traceability links [15]. However, most traceability
solutions provide facilities only for establishing links between
artifacts and not for estimating quality of these links. RST approach
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enhances traceability solutions by assigning numeric quality values
to intermediate traceability links (e.g., from requirements to design).

3. Integration with MSF Agile

INTSPEI P-Modeling Framework is an add-on to existing
methodologies, not a standalone process. Currently, INTSPEI P-
Modeling Framework integrates both with agile and formal
processes. The former include Microsoft Solutions Framework for
Agile Software Development [16] and Open Unified Process [17],
while the latter include IBM Rational Unified Process [18] and
Microsoft Solutions Framework for CMMI Process Improvement
[16]. In this paper we focus on integration with agile processes,
using the P-Modeling Framework Integrated with MSF Agile as an
example. This paper presents only an overview of P-Modeling
Framework Integrated with MSF Agile; more detailed technical
description is provided in [6].

3.1. Elements of P-Modeling in MSF Agile

The core elements of the INTSPEI P-Modeling Framework are
the Reverse Semantic Traceability and the Speechless Modeling
techniques. Both of them were incorporated into the MSF Agile
lifecycle. The P-Modeling Framework Integrated with MSF Agile
contains detailed descriptions of these techniques and step-by-step
instructions for team members. It also describes how Reverse
Semantic Traceability and Speechless Modeling work together with
other MSF Agile activities.

P-Modeling Framework integrated with MSF Agile suggests
performing the following RST activities:

Perform RST for Scenario;

Perform RST for Solution Architecture;

Perform RST for Development Task Implementation;
Perform RST for Database Task Implementation;

Perform RST for Bug Fix;

Perform RST for Scenario Test Cases;

Perform RST for Quality of Service Requirement Test Cases.
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The RST activities are connected to MSF Agile process. When
one of the important work products is created according to MSF
Agile guidance, P-Modeling Framework recommends performing an
RST session to verify that no information was lost or misinterpreted
during its creation. The typical RST session consists of the
following steps: Preparation, Reverse Engineering Step, Expert
Assessment and Making the Decision.

The participants of an RST session assume a set of RST-specific
roles, which are active only during a single RST session. P-
Modeling Framework adds three new roles to the set of MSF Agile
roles: Artifact Owner, Reverse Engineer and Expert, and also uses
one of the MSF roles, Project Manager. The RST roles are typically
combined with the MSF roles. For example, the person performing
the MSF Agile role “Architect” will also perform the RST role
“Artifact Owner” during the RST session for the solution
architecture. The same person can fulfill different roles in different
RST sessions; furthermore, this practice is encouraged in order to
increase the understanding of the P-Modeling Framework.

The results of the RST session are captured in specific work
products — RST Session Report and RST Expert Assessment. The
RST Session Report contains all information about the session,
including the date, participants, original and restored artifacts and
the final decision. The RST Expert Assessment form captures the
result of experts’ meeting — their assessment of quality value and
their comments. These work products are used to communicate the
results of the RST Session to the team.

Based on the results of the RST session, the Project Manager
makes one of the following decisions:

1. The quality of the artifacts is sufficient and the development
may proceed to the next phase.

2. Rework of output artifacts is needed in order to eliminate
defects and information loss.

3. Corrections to both input and output artifacts are needed in
order to eliminate misunderstandings

4. One more RST session after rework of the artifacts is required.

While the Reverse Semantic Traceability can be applied to all work

products, this would create a significant overhead. Therefore, P-
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Modeling Framework recommends prioritizing the work products
and performing RST only for the most significant of them. The
prioritizing is performed be the Project Manager during iteration
planning (at the beginning of each iteration). The artifacts are
prioritized according to multiple criteria, including their contribution
to the quality of the final product, severity of possible defects and
availability of other quality control methods. The results of this
activity are recorded in the RST Rank Table.

4. A case study

In this section we describe a small case study performed to
investigate the usage of P-Modeling Framework in agile project.

4.1. Project description

We applied P-Modeling Framework integrated with MSF Agile
in a pilot project. The project consisted in creating an application for
simulation of Conway’s Life game [19]. The project lasted for 2
months and included 3 part-time student developers.

During the project, the team followed the MSF Agile process, as
described in MSF Process Guidance version 4.1 [16]. The project
consisted of four 2-week iterations. The first iteration corresponded
to MSF Envision and Plan tracks — the team created vision
document, collected requirements and outlined initial design. Two
intermediate iterations were spent on actual development and testing
of the product (Build track). The last iteration combined activities
from Build and Stabilize tracks.

The team started using P-Modeling Framework from the
beginning of the project. On the first days of the first iteration, the
planning of RST activities was performed. Each RST session
requires at least one external participant who is not familiar with the
project details, and the Project Manager should look for such
candidates in advance. Therefore, the Project Manager should
understand how many RST sessions are expected on each iteration
and for what artifacts.
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In our project, the team noticed that RST activities would differ
significantly in the first iteration and in all subsequent iterations.
During the first iteration, the most important artifacts are vision
document and high-level design. Performing Reverse Semantic
Traceability sessions to verify these artifacts constitutes a valuable
addition to MSF process. Their quality could not be efficiently
verified by other means — at least until the implementation is created
in the next iterations. In contrast, for all subsequent iterations the
focus of RST activities shifts to verifying multiple smaller artifacts:
implementations of development tasks, bug fixes and test cases. In
these iterations, Reverse Semantic Traceability complements other
quality control methods, such as unit testing and functional testing.

P-Modeling Framework integrated with MSF Agile proposes to
verify vision statement by restoring it from scenarios (the process is
described in “Perform RST for Scenario” activity); the high-level
design is verified by restoring the requirements from the design.
When the team planned RST activities, they decided that performing
RST session for the design will be more valuable. The vision for the
project was quite simple, and the team expected that it should not
contain any defects. The design, on the other hand, could contain a
number of defects, because the student who created it had little
experience in design; also miscommunications were possible, as
requirements and design were created by different team members.
Also the team decided that the importance of design was greater
than that of vision.

This paper concentrates on Reverse Semantic Traceability
activities that were performed in the first iteration only.

4.2. RST session for Design

The most important of RST activities for the project was RST
session for high-level design. The team created the design of the
application in the first iteration. During RST session, reverse
engineers were assigned to restore the requirements (in form of
scenarios) from the design. The reverse engineers were not familiar
with the project before the RST session. When the requirements
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were restored, a team of experts compared the restored and original
versions of the requirements and expressed their comments.

The initial requirements were split into functional and non-
functional (called scenarios and quality of service requirements in
MSF Agile). The requirements were stored in Microsoft Team
Foundation Server. Fig. 2 shows the scenarios identified by the
Analyst. The main scenarios are: editing configuration, running
simulation for one or more turns and saving or loading game
configuration. Additional lower-priority scenarios included moving
through simulation history, changing the size of the displayed
configuration and exporting configurations as images. (The full text
of the requirements is not included because of space limits.)

All Scenarios [Results]

Query Results: 6 results found (1 currently selected).

v | o] | “Work Item.. . | Title: Roug... | Descripkion | Stake
273 Scenario Edit configuration 1 User edits colony configuration Active
274 SCenario Run turn(s) 1 User executes several Life turns onco... Ackive
275 SCenario Savefload configuration 1 Save colony configuration to file or loa... Active
276 Scenario Rewind history 1 Rewind colony history back (and Forth. ..  Active
z Scenario “hange displ o 1 In application GUI, be able min ...

275 Scenatio Export Canfiguration(s) as {animated) image 1 User saves current configuration ar its... Ackive

4| |

Scenatio 277 1 Change display zoom

Title: IChange display zoom

—Classification

Area: IConwaysLiFa

Iteration: ICanaysLife\IteratiDnD

L L«

[ Status

Assigned to: [Semen Mkolenko | tater [active =l

Rank: I Reason: INEW

Description | pistory | Links | File Attachments | Distais | P-Madeing |

Description:

1000010000,

In application GUI, be able to zoom in different ways, from 4x4 cells per screen to high-scale views like ﬂ

Figure 2. Original scenarios
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Figure 5. “Hashlife” algorithm classes

Based on the requirements found, the Architect developed the
application design using Microsoft Visual Studio. The core classes
are outlined on Fig. 3. The IConfiguration interface represents single
colony configuration; ConfigurationController calculates next game
step, stores the history and saves or loads a game state. The classes
responsible for graphical user interface (ConfigurationDisplay and
LifePlayer) are shown on Fig. 4. Fig. 5 presents classes related to
“Hashlife” algorithm [19] that performs simulation.

When the diagrams representing design were ready, an RST
session was performed to verify that the architecture meets the
requirements. Reverse engineers were provided with the design and
were asked to restore the requirements. The reverse engineers had
no prior knowledge of any project-related activities; however, they
did know the rules of the Life game. The duration of the RST
session was restricted to 1 hour. The reverse engineers restored the
following requirements (Fig. 6).

After the reverse engineers have restored the requirements,
experts compared them with the original requirements. The process
took about an hour: first 40 minutes were spent on reading
documents by individual experts, followed by 20-minute discussion.
The experts produced the following comments (Fig. 7).
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Based on the results of the RST session, the team made the
following rework decisions:
e Modify requirements — add missing scenario (Choose language)
e Clear up domain dictionary — use “Colony” instead of
ambiguous “Configuration”
e  Put more work into “Edit configuration” functionality— notable
design changes;
e More detailed GUI classes design — minor design changes;

Scenario 1: User can control the game of “Life” by performing the
following actions:
e  Start the game using “Play” command
Stop the game using “Stop” command
e  Move to the given turn using “Go to Turn” command
Additional Requirements
e The system simulates each game step with the speed specified by
“PlaySpeed:int” parameter
e The systems stores the history of game steps
e Hashlife implementation is used (http://en.wikipedia.org/wiki/Hashlife).
The fast storage of simulation history is implied.
e There is an option to clear the game history.
Scenario 2: The player can change game display configuration. The
player can set the display language.
Additional Requirements
e Display settings: language, zoom
Notes:
e User interface provides no possibility to change zoom level and
simulation speed
e There is a mistake in Rectangle class: it should contain height, width,
left, top, instead of height, width, left, right.

Figure 6. Restored requirements
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http://en.wikipedia.org/wiki/Hashlife

Requirement not restored: Edit configuration;
Requirement not restored: Save/load configuration;
Requirement not restored: Rewind history;

Eall A

image;

Extra requirement restored: Change language

Extra requirement restored: Clear history

User interface provides no possibility to change language

NG

Requirement not restored: Export Configuration(s) as animated

Note: What is “configuration”? Looks like “program configuration”

and can be easily confused with it. I suggest naming it like “colony”

or “board”.

Figure 7. Expert comments
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Figure 8. Changes in design after RST: a new diagram

Fig. 8 shows the new class diagram that was created as a part of
improvements suggested by the RST session. It contains the classes
related to the scenario that was initially omitted from design and
hence not restored by reverse engineers (“Edit configuration”). Note
that other diagrams have also changed; we don’t include updated
versions because of space limit.

4.3.  Analysis

The RST session performed as a part of MSF Agile project
demonstrated that Reverse Semantic Traceability can be a valuable
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quality control technique in a project based on agile methodologies.
The most important usage scenario for RST is quality control at the
beginning of the project, in the first iterations. Even in agile
processes, there is a period of time at the project start when no
production code is developed. The team focuses on establishing
project vision and important architectural decisions. The typical
quality control methods of agile processes — automated unit tests and
customer feedback — are of limited value in the first iteration.
However, the Reverse Semantic Traceability can verify that the first
crucial artifacts are correct (or at least consistent).

The team members were excited to discover the method of
discovering defects in project artifacts without actually testing the
software (or even writing the code). The only other method they
knew that could produce the comparable results was software
review process. However, the feedback from the team shows that the
RST method is more effective. One of the reverse engineers said, “I
always thought that design review is a boring process. But the RST
session was anything but boring. It was more like solving an
exciting puzzle — trying to understand the reasons behind the design
decisions ... I believe that RST is more effective than traditional
design review. It was the task to restore the unknown requirements
that forced us to understand the design better and so find some
subtle defects that would evade our attention during design review.”

The RST session proved quite effective in terms of the resources
spent and the outcome. The whole RST session required about 7
man-hours: 1 for preparations, 1 hour for two reverse engineers and
1 hour for 4 experts (most of this time was spent by people not
directly involved in the project — reverse engineers and experts).
However, the outcome of the session was quite significant. Both the
requirements and the design have been improved, and some defects
were eliminated that would require significant rework were they
discovered during actual coding. For example, the “Edit colony
(configuration)” scenario that was omitted from design required
significant changes in user interface, as well as in core classes.
When the improvements suggested by RST were made, the team
noticed that one of important assumptions about core classes was
wrong. Namely, the QTreePiece class (see Fig. 5) was assumed to
be immutable, because of requirements of the “Hashlife” algorithm.
However, the “Edit colony” scenario required that the colonies
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(implemented by QTreePiece class) could be modified. As a result,
the team decided to add one more class representing a colony
(ArrayColony) that was mutable. This change in design required
about 2 hours. However, the potential cost of rework would be much
greater had the wrong design been implemented in code. The team
estimated that this defect (missing edit capability) would have been
certainly found by the team; but its correction would require
significant changes in user interface, core classes and unit tests. The
rework would stop the progress of the entire team for a few working
days.

The feedback from the case study participants (both project team
and RST participants) suggested that Reverse Semantic Traceability
effects were not limited to improving the quality of the artifacts that
were used in RST session. The team members learned that the
project artifacts are not created just because the process says to do
so. The artifacts created by one team member will be used by
another one, and the author should make the artifact understandable
to its subsequent user. The person who created the design said, “I
tried to create the design that would be correct and elegant, but |
actually forget that it should be understandable. The reverse
engineers said they had some problems understanding my diagrams;
but if we did not perform RST, the same problems would hinder the
progress of developers”. Therefore, RST session ensured that
artifacts that were created could be actually used in project. This
corresponds to the agile principles stating that the artifacts that are
not useful to the project should be avoided. RST helped to make
project artifacts, including requirements and design, actually used in
project, not just write-only” bureaucratic burden.

5. Conclusions

We have described an application of Reverse Semantic
Traceability technique for quality control in agile project and
illustrated it by a case study. The case study has demonstrated that
Reverse Semantic Traceability can be used in agile projects, and it
provides a valuable addition to agile quality control methods.
According to our observations, the usage of RST is the most
important during the first iteration of agile project.
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The future directions of research include applying P-Modeling
Framework in industry projects based on agile process. Also we
want to conduct more experiments applying Reverse Semantic
Traceability to different kinds of artifacts in order to improve the
RST process and create more detailed instructions on usage of
P-Modeling in both agile and more formal processes.
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Abstract

The software product Intel® Integrated Performance Primitives
(IPP) and new features are described. The primitives are the
building blocks that application developers can easily integrate into
their products - applications, components like media plug-ins or
high level libraries, in order to significantly increase their
performance on Intel and compatible architectures with Windows,
Linux or MacOSX operating system installed. The IPP library
covers many functional domains: image and signal processing;
image coding and data compression; data integrity and
cryptography; speech, audio and video coding, and others. Besides
of the libraries IPP product contains 50 IPP based Samples released
in the source codes. Some of the samples, for example, JPEG2000
image codec and H264 video codec are competitive to the
commercial products.

Several important new features were added to the product in
2008 in version IPP 6.0. We will consider two of them in more
details - a Deferred Mode Image Processing (DMIP) framework
exploiting the CPU cache and multi-core capability, and the IPP
functions generated and optimized automatically by a special tool
Spiral developed at Carnegie Mellon University.

Keywords: Software library, high performance, image processing,
signal processing, video coding, image coding, data compressing,
automatic code generation, multi-core.

1. Introduction

In spite of the fact that the first signal processing library NSP
developed by the IPP team in 1994 failed because Intel and
Microsoft could not agree on library's place at the
hardware/software territory [1] the team continued design,
development and optimization of Intel Performance libraries -
Signal Processing SPL, Image Processing IPL, and Speech
Recognition RPL. Later, in 2000 the Integrated Performance
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Primitives were introduced to improve APl of the previous
generation libraries. Today, IPP library [2,3] covers more functional
domains, works in many operating systems; it is optimized for all
Intel CPUs and platforms. The IPP Samples released with the library
also have been transformed. At the beginning the samples were just
the source codes demonstrating how to use and call IPP. Currently,
the samples include quite sophisticated applications such as the Face
Detection and Ray Tracing demo applications, and image and video
codecs which are strongly competitive to commercial products, for
example JPEG2000 and H264 codecs. Designing and developing
IPP the team introduces new technologies and applies new tools to
improve the development and optimization process as, for example,
it started to do with the Spiral tool [4]. We will present the first
results of the automatically generating library codes in the paper.

2. IPP functionality

IPP is a library containing 10K functions. Many of them are
optimized for IA32, Intel®64, IA64, and Atom™. The library works
in operating systems Windows, Linux, MacOSX and QNX. IPP
consists of 16 functional domains that cover Signal and Image
processing, Speech, Audio and Video coding, String processing,
Computer Vision, Speech Recognition, Jpeg & Jpeg2000, Lossless
Data Compression, Cryptography, Realistic Rendering, Data
Integrity, Vector Math and Small Matrix operations. Additionally to
the library IPP customers get more than 50 IPP Samples —
applications and components released in source codes. They are
video codecs MPEG2, MPEG4, H264, VC1 and AVS; audio codecs
MP3, AAC, AC3; Jpeg and Jpeg2000 codecs, speech codecs G722,
G723, G726, G728; Face detection demo application, Deferred
Mode Image Processing framework, Ray Tracing viewer, Data
Compression libraries and utilities GZIP, ZLIB, LZO, BZIP2;
interfaces for Java, C#, VB, F90, and C++.

One of the sources where the ideas and new functionality
requests come from is IPP forum at Intel Software Network web site
[5]. The IPP team is actively involved into discussions with IPP
users and is very proud of the activity level the IPP customers ask
questions, complain of issues and propose solutions.
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3. Performance provided in IPP

One of the performance indicators characterizing any signal
processing library is performance of the FFT/DFT transform a
library provides. According to FFTW [6] in most of the benchmarks
FFTW evaluates and presents the IPP FFT is faster than all known
FFT implementations. Performance of several single precision read
data FFT implementations in MFlops, higher is better, is presented
on Fig.1; IPP FFT is on the top.

single-precision real-data, 1d transforms

powers of two

speed (mflops)

t+r129T

Figure 1. Performance in MFlops of different FFT implementations
published on FFTW [3] site.

IPP is fastest in image processing (compared with Matrox), data
compression (compared with gzip, zlib, LZO), image coding
(compared with 1JG), cryptography (compared with OpenSSL).
And, finally IPP is a faster library compared to AMD APL library.
For example, relative performance of the AMD APL 1.1 and Intel
IPP 5.3 functions measured on AMD Opteron system, higher is
better (for IPP), is presented on Fig. 2.
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Figure 2. Relative performance of AMD APL 1.1 and Intel IPP 5.3
functions measured on Opteron.

4. New features in IPP 2008

Several new features have been introduced in IPP 6.0. Shorty,
they are: new domain Data Integrity with Reed Solomon coding
functions, optimization for i7 CPU (codename Nehalem) and
Atom™; the high level data compression libraries; the deferred
mode image processing framework, and the signal processing
functions generated automatically. Let us consider several of the
features.

4.1 Deferred Mode Image Processing

DMIP [7] was introduced in response to a requirement from a
strategic IPP customer involved in large-scale image processing.
The DMIP framework effectively handles processing of large image
data that don't fit entirely within the processor L2 cache. Three main
features of DMIP improve image processing capability: a)
processing of images by the fragments that fit L2 cache; b) using the
highly optimized IPP in such fragments processing; c) parallel
processing which could be processing of different fragments or
execution of different independent branches of a graph. To start
such processing you create a task description as a DAG (directed
acyclic graph), and translate the graph into a sequence of IPP calls.
To complete (deferred) processing you run the generated sequence
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of IPP calls. For example, you need to filter an image by a
harmonization filter. The operation can be expressed as
D = min(Tmx,max(Tmn,(A-(A-Fb(A))*c)),

where Fb is a filter box, Tmn and Tmx are the min and max
threshold levels, and C is a constant.
Then at the symbolic level you write C++ code

Image A, D;

Kernel K;

Ipp32f C;

Ipp8u Tmn, Tmx;

Graph O=T032f(A);
D=Max(Min(To8u(O-(0-0*K)*C),Tmx),Tmn);

The DAG corresponding to the code is presented on Fig. 3.

Input
To Filter Sub
Float
Output MulC
Thres
To
hold Byte Sub

Figure 3. DMIP graph for a harmonization filter

The graph can be compiled once and executed many times.
Every operation (a node of the graph) operates upon an image slice
(DMIP feature a); in most of the cases it is an IPP call (feature b);
the slices are processed in parallel (feature c). Processing with
DMIP compared with traditional IPP processing could be up to 3
times faster. On Fig. 4, we can compare performance results for the
filtering operation on image 2048x2048 with Harmonization filter
7x7 obtained with DMIP and traditional IPP calls.
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Figure 4. Performance of the Harmonization filter operation with
IPP and DMIP. CPU cycles per pixel, the less the better.

4.2. Automatically generated IPP functions

IPP 6.0 includes a new functional domain called IPP Gen. In
contrast to other parts of IPP, this library is not implemented by
human developers but is entirely computer generated - probably "a
first" in high performance library development anywhere. The tool
is called Spiral and is developed at Carnegie Mellon University [8].

For given transform to be implemented Spiral generates and
evaluates many different possible algorithms represented in an
internal math language. Further, Spiral performs optimization such
as memory hierarchy optimization, vectorization (for example with
SSE3), and parallelization for multiple cores by rewriting
mathematical expression. In the end, Spiral outputs the fastest code
found which is often faster than existing human written code. On
Fig. 5 we compare performance of the Spiral generated code for
DFT transform of different size to the IPP existing code in the signal
processing library. Performance is given in CPU cycles, the less the
better.
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Figure 5. DFT for complex data of double type. Performance of
Spiral generated code compared to IPP existing code. CPU cycles,
the less the better.

5. Conclusion

Several new important features have been added in IPP 6.0: the
deferred mode image processing framework and the automatically
generated functions. Both define a direction of the library
development: introducing a high abstraction level to better utilize
new Intel architecture capabilities and development and
optimization automation. IPP is a library which is unique in
performance provided on Intel and compatible platforms, in
functionality covered, in the technologies the team uses in its
development, and in supporting software community.
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Abstract

Paper covers general principles of building of access-control
subsystems in applications and briefly describes base models which
are usually employed thereto: mandatory, discretionary and role-
based access controls. Paper considers restrictions of base role-
based access control (RBAC) model which is widely adopted in
modern applications due to relative simplicity of administration.

Paper in details covers features and components of access
control model developed by authors, and shows that this model is
free from restrictions of base role-based model. It proves that using
new model it’s possible to implement base discretionary and role-
based models. There are also possibilities to combine presented
model with mandatory access control.

Keywords: access control models, role-based access control.
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YiayuilieHHasi poJjieBasi MojieJb YIIPaBJIeHUsI
AOCTYNOM

A.B.Maiiopos
BYTE-force
email: xor@byte-force.com

Te3ucobl

B crathe ocBemiaroTcs OOIIME MPUHIUIBI TOCTPOCHUS CUCTEM
0e30IIacCHOCTH, M JaeTcs OMHMCAaHHE O0a30BBEIX MOJENEH, OOLIYHO
HCTIONB3YIOIUXCS A7 3TOW wnenu. JleTtanbHO paccMmaTpuBaroTcs
OrpaHUYEHUS POJIEBOM MOJENU, KOTOpas, H3-3a CpPAaBHUTEJIbHOMU
MPOCTOTHl AMUHUCTPUPOBAHUS, SIBISAETCA TNPEANOYTHTEILHOU K
HCIOJIb30BAaHUIO B MIPUKIAIHBIX IPOrpaMMax.

[MompoOHO OMUCHIBAIOTCS BO3MOXXHOCTH W COCTaBHBIC YacTH
pa3paboTaHHOI HaMU MOJEJH, W TOKA3bIBaeTCs, YTO OHA JIMIICHA
BBIICYNIOMSIHYTBIX OrpaHM4YeHUi. JloKa3bIBaeTCs, YTO B paMKax
mpeuIaraéMoil MOJEIH MOXHO PeajH30BaTh 0a30BBIC POJICBYIO H
JTUCKPEIIMOHHYI0 MOJICTH, a TaKkKe 00CYKIAI0TCS BOSMOXKHBIC ITyTH
COCOMHEHHUS €€ C¢ MaHJaTHOW MoJenplo. B 3akmrodycHUn
MOJYEPKUBAETCA OCHOBHOE OTJIMUMTEIBHOE CBOMCTBO Haluen
MOJIEIM M KpPaTKO TOBOPUTCS O MPEUMYIIECTBaX, KOTOPHIE OHO
HEceT.

Keywords: access control models, role-based access control.

IMocranoBka 3a1a4n u pe3yabTaT

Ilepen Hamm crosuta 3ajmada pa3paboOTaTh MOJETb YIPaBICHHS
JOCTYTIOM K o0beKkTaM TIPUIIOKEHUS, TI03BOJISIOIIYTO
peann3oBbIBaTh JIOOYI0 Ppa3yMHYIO IIOJMTHKY O€30I1aCHOCTH
MPUJIIOKEHUS, OCTaBasCh MNPH ITOM MaKCUMalIbHO YJIOOHOH B
aJIMUHUCTPHUPOBAHUH.

B pesynerare momyueHa MOJenb, KOTOpas, C OJHOW CTOPOHEI,
COBMECTHMA C H3BECTHBIMH 0a30BBIMH MOJEISIMH, a C JPYroit
CTOPOHBI, BBOAUT JOTOJIHUTENFHYIO CTENIEHb CBOOOMBI — MPUBS3KY
MTOJIF30BATEIBCKUX IMOJTHOMOYMHA K HepapXuu OOBEKTOB CHCTEMEI.
[Mono6Hast mpuBsA3Ka IO3BONISET OTPAHUYUTH OONACTH JEUCTBHS
BBIJIAHHBIX ~IOJb30BAaTENI0 MOTHOMOYMHM U, Kak CIEICTBUE,
YIIPOCTUTH CXEMBI JJOCTYIIa K OOBEKTaM.
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Ba3oBbie Moen

OO0muM MOAXO0JOM IJIsl BCEX MOJIENIeH YNpaBJICHHS IOCTYIOM
SIBJISIETCSL  pa3jieliecHHe MHOXKECTBAa CYIIHOCTEH, COCTaBJIAIOLINX
CUCTEMY, Ha MHOXeCTBa OOBEKTOB M CyObekToB. [Ipm sToM
OTIpeJieTICHUsI TIOHATHI «OOBEKT» U «CyOBEKT» MOTYT CYIIECTBEHHO
pasnuuarbes. Mbl OyzeM mojpa3ymeBaTrh, 4TO OOBEKTHI SIBISIOTCS
HEKOTOPHIMHA KOHTeifHepamu ¢ wuH(popMarmeld, a CyObeKTH —
MOJIB30BATENH, KOTOpBIC BBINOJHSIOT PA3IMYHBIC OINEPAaLlH Ha
THMH 00BEKTaMHU.

MO’KHO BBIIEIUTE TPH OCHOBHBIE MO YIIPABJICHUS JOCTYIIOM
K 00BEKTaM: MAaHIATHYIO, TUCKPELIMOHHYIO U POJIEBYIO.

ManjgaTHas Moae/lb

Knaccudeckoit MaHIaTHON MoJenbplo cuuTaercs Mojens bemna-
Jallagyner [[1]]. Ona OGa3supyercss Ha TpaBHIaX CEKPETHOTO
JOKyMEHTO000pOTa, HCIOJIB3YIOLIETOCsl B MPaBUTEILCTBEHHBIX
yupexxaeHusx. B aToit Monmenu kaxaoMy OOBEKTY U CyOBEKTy
(moyb30BaTENI0) CHCTEMBI Ha3HAYaeTCs CBOW ypOBEeHb Jomycka. Bee
BO3MOJKHBIE YpPOBHH JIOIyCKa CHCTEMBI YETKO OIPEIOCICHBl H
YHOPSIIOYSHBI IO BO3PACTAHUIO CEKPETHOCTH. JIeHWCTBYIOT [Ba
OCHOBHBIX TIPaBHJIA:

1. Tlomp30Barenb MOXET YUTATH TOJIHKO OOBEKTHI C YPOBHEM
JIOITyCKa HE BEIIIE €r0 COOCTBEHHOTO.

2. Tlonbp3oBareslb MOXET HM3MEHSTh TOJBKO T€ OOBEKTHI,
YPOBEHbB JI0IyCKa KOTOPBIX HE HUXKE ero COOCTBEHHOTO.

Ienps nepBoro npasuia oueBuHa. CMBICI BTOPOTO B TOM, YTOOBI
BOCIIPEISITCTBOBATh IOJIb30BATEII0 C BBICOKAM YPOBHEM JIOCTyIa
CITy4ailHO PacKpbITh KAKHE-TO U3BECTHbIE €My TalHBI.

Onnoit u3 npooeM ITOMU MOJIeTTH CUUTaeTCs
OecrpensITCTBEHHOCTh oOMeHa nHpopManmei MEXTY
MTOJIF30BATEISIMA OJHOTO YPOBHS, TaK KaK ATH MOJIH30BATEIA MOTYT
BBINIOJIHATh B OpraHW3allid pasHble (QyHKIWH, U TO, YTO HMEET
IIPaBO JleJIaTh II0JIb30BaTeNb A, MOXET ObITh 3ampemieHo it b.
[TosTOMy B mpakTHKE MaHAATHYIO MOJENb OOBIYHO HCIIONB3YIOT
COBMECTHO ¢ Kakoii-uubyns apyroi [[2]] [[3]]-

JucKpenoHHAsA MoJe/Ib

B nuckpenmoHHo# Mozie 6€30TIaCHOCTH YIPaBIeHUE TOCTYIIOM
OCYIIECTBIIACTCA IIyTeM SIBHOM BbIIa4YU MOJHOMOYHUH Ha
MpOBEJIeHuEe JEHUCTBUH ¢ KaXAbIM U3 OOBEKTOB CHCTEMBI.
Hanpumep, B mojenu Xappucona-Py33o-Yinemana [[4]] mwis sToro
CIY>KUT MaTpuua AOCTyMa, B KOTOPOH oIpeneeHbl MpaBa JA0CTyIa
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CyOBEKTOB CUCTEMBI K 00bekTaM. CTPOKH MAaTPHUIIBl COOTBETCTBYIOT
cyOBbeKTaM, a CTONOIBI — oObekTaM. Kaxkmas suelika MaTpHIbI
COJICPXKUT HA0OP TPaB, KOTOPHIC COOTBETCTBYIOIINI CyOBEKT HMECT
0 OTHOIICHHIO K COOTBETCTBYIOIIEMY OOBEKTY.

Kak mpaBmio, co3matens 00bekTa 00JafacT HA HETO MOJHBIMU
MpaBaMHU M MOXKET JICJICTUPOBATh YacTh MPaB IPYTHM CyObEKTaM.

JVMCKpEIMOHHBIA TTOAX0] TO3BOJIIET CO3MaTh ropasmo Oonee
THOKYIO cxeMy 0e30TacHOCTH, YeM MaHAaTHBIN, HO MPH 3TOM OH H
ropa3zmo Oojee cloXeH B agMUHHCTpHUpoBaHHH. C MPOrpaMMHOI
TOYKH 3pEHHsI €0 pealn3alis OYeHb MPOCTa, HO MPU JOCTATOYHO
0O0JBIIOM KOJMYECTBE OOBEKTOB U CYOBEKTOB CHCTEMa CTAHOBUTCSA
MIPAKTUICCKH HEYIPABISIEMOM.

YacTH4HO pelmUTh 3Ty TNpoOJieMy MO3BOJISIET TPYHIUPOBKA
MOJIb30BaTENICH U TUITU3AIsI 00beKTOB. [IpUMEHEeHHE ITUX METO/I0B
CyIlIeCTBeHHO yMeHI)I_HaeT ManI/IIly JIOCTyHa U, COOTBCTCTBCHHO,
yIpoIIaeT e¢ aAMUHUCTPHPOBAHUE.

PoneBas mogean

B ponesoit mozenu [[1]] omeparmu, KOTOpBIE HEOOXOAMMO
BEIIIONIHATh B paMKaxX KakKOW-THOO CiyXeOHOH 0O0s3aHHOCTH
MOJIB30BATENSI CHUCTEMBI, TPYHIHPYIOTCS B HaOOp, HA3BIBACMBIHA
«poJibto». Hanpumep, omepauuu Mo perucTpalydd JOKYMEHTOB
MOTYT OBITH CTPYIIITHPOBAHEI B POJb «PETUCTPATOPY.

Kaxnapiii monp3oBaTeNlb CHUCTEMBI WIpaeT B HEW OJHY WU
HECKOJIbKO poJjieil. BblnonHeHne moJib30BaTeIeM ONpPEIeIEHHOTO
JCHCTBUS pa3pelieHo, eciau B Habope ero poisieil ecTh HyXKHas, U
3ampenieHo, €CiM eCTh HeXKelaTeIbHas.

B »T0#t Mozmenu y OOBEKTOB HET ONpEAETICHHBIX X03sieB. Bces
uHpOpMAIUs PACICHUBACTCS KaK IMPHHAIJICKAIIAsS OpraHU3aIluy,
Brajaetomeld cucteMoil. COOTBETCTBEHHO, M POJIM IOJIb30BaTENs
BHYTPU CHCTEMBI — 3TO pOJIM, KOTOpbIE OH WIpaeT B JaHHOU
opranmzauuu. Kak creacTtBue, MOJB30BATENI0  HEBO3MOXKHO
JIeNIETUPOBaTh NpaBa HA KaKOH-TO OINpeNeNieHHBIH 00BbekT. JInbo y
HETO €CTh JOCTYI KO BCEM IOJOOHBIM OOBEKTaM CHUCTEMBI, JTHOO
HeT.

Takum 00pa3oM, TPEUMYIIECTBOM pOJIEBOH MOJETH Tepes
TUCKPEIIMOHHOW  SIBJISIETCS  TPOCTOTa  aJMUHHCTPUPOBAHUS:
Ha3HA4YE€HHUE MOJIb30BATENIEH HA POJIM M CO3/IlaHHE HOBBIX pOJieil He
COCTaBIIIIOT HUKAKUX TPYIHOCTEH. DTO MO3BOJIIET paccMaTpUBATh
pOJIEBYIO MOJIeNbh KaK HanOoJiee MOAXOMASIIYIO JUIsl IPUMEHEHHS B
MIPUKJIATHBIX TIpOrpaMMax. B To ke BpeMs B Hel €CTh OTpaHUICHHUS,
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KOTOPBIC B PSIAE CIIy9acB CHIBHO 3aTPYIHSIOT €€ HCIIONb30BAHHE.
PaccMoTpum 3TH orpaHn4eHus OoJiee TOAPOOHO.

Orpanuyenue: Bce POJIH IJ100aTbHBI

[lepoe orpaHu4YeHHWE COCTOMT B TOM, YTO MOJb30BaTENb
NPUHUMAET CBOM POJIM II0 OTHOLIGHUIO KO BCEH CHCTEME cpasy.
COOTBETCTBEHHO, UII CHCTEMBI HET pa3HHUIBI B IpaBaX MEXIY
OBYMS  TIONB30BATEISIMM,  HAXOMANIMMHCS Ha  OJMHAKOBOM
JOJDKHOCTH, AK€ €CII OHHM 3aHUMAIOT 3TH NOJDKHOCTH B Pa3HBIX
ornenax. Hampumep, mo0o#i moip30BaTeNh B POIH «HAYATHHHUK
OTIeNa» WMEeT TMPaBO YIPAaBIATH JIOOBIM OTIEIOM CBOEH
OpTaHU3aIUH, a 3TO, KOHEYHO, HEIPABUIILHO.

Pemennem worino OBl cTaTh BBCJICHHUEC OTACIBbHBIX ponei&
«Ha4dYaJIbHUK OTAacjlIa A)), «Ha4aJIbHUK OTAcJIa b» n T.II., 4YTO
MO3BOJIMIIO OBl HaM pElIUTh MpolieMy, He BBIXOAS 33 pPaMKH
poneBoit mogenu. K coxaneHuro, mogoOHBIN BapHaHT IMPUBHOCUT
ropaszio 0oJblie NpodiIeM, YeM pelraer.

Bonee mpaBwibHBIM OyJeT pa3OUTh BCE MHOXECTBO OOBEKTOB
CHCTEMBI Ha HECKOJNBKO IMOIMHOXECTB (IOMCHOB) W JaTh
MOJT30BATEIISIM BO3MOXKHOCTh HIPaTh pa3HBIE POJH B Pa3HBIX
JOMEHAaX CHUCTEeMBL. TakoW TIOAXOX TPUMCHSCTCS, HalpuMep, B
oubimorexe Microsoft Authorization Manager [[6]].

OrpaHuyeHnue: OTCYTCTBHE BJIaJebla 00beKTa

Bropoe npensarcTBue nepes UCIOIb30BAHUEM POJICBON MOJIENN B
psAAe CUCTEM — ATO OTCYTCTBHE B HEW IOHATHA BIAJeNblla 00BEKTa.
Jpyrumu cioBam, I0Jb30BaTeNb, CO3/IABIINNA 00BEKT, HE IMEET Ha
HET0 HUKAKHUX HCKIIOYUTENbHBIX IPaB. DTO BIOJIHE ITPUEMIIEMO JUIS
CHCTEM, TIOJICPKHUBAIONINX, HAIIPUMeEp, MPOIecC KyIUTU-TIPOJaKH,
HO TepecTaeT TOAMTHCS, KaK TOJNBKO JOKYMEHTHI HA4MHAIOT
coJiepKaTh KaKHe-TO aBTOPCKHE MATEPUAIBI.

3ayacTyio JUIsl penieHust 3TOH MpoOiIeMbl K 00BbEKTaM CHCTEMBI
J00aBIISIOT CBOWCTBO «BJajeleny», SBISIONICECS BHEUIHUM MO
OTHOIIEHHIO K MoJies Oe3omacHocTH. [lpyroit moaxox — BBECTH B
pOJIEBYIO MOJIENb 3JEMEHTHI JUCKPEUHOHHOW M SIBHBIM 00pa3oM
JIaTh TIOJIH30BATEITIO HYKHBIE TIpaBa Ha CO3JAHHBIM UM OOBEKT.

3ameruM, uTo 00a 3TH BapHaHTa PEIIAOT 3a1ady, HCIIONb3YS
BHEIITHHE TI0 OTHOUICHHWIO K MOJENH CPEACTBA, M, COOTBETCTBEHHO,
HE CHUMAIOT OTPaHWYCHUI caMOM MOJIeINH.
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OrpaHnyeHue: onepauuy NPUHALIEKAT POIAM

Kazamock Obl, TpynmupoBKa OHepaldii CHCTEMBbI B pOJIH, B
paMkax KOTOPBIX OHU BBITIOJTHSIOTCS, yIpoInaer
aJIMUHUCTPUPOBaHUE, HO 3TO CHOBAa BEPHO HE JUIsI BCEX THUIIOB
cucreM. [Ipeamonoxkum, 4YTO B Hamed CHCTEME €CTb JAECTb
Pa3JIMYHBIX THIIOB OOBEKTOB, JUIS KaXKJOT0 M3 KOTOPHIX OIpeaeieHa
onepanys «ymanutey. Torma, ecii MbI 10OaBIsieM 3Ty ONEpalLHio B
KaKyI0-JIN0O W3 poJiei, TO I000W IMONB30BaTENb, WTPAIOLIANA STy
pOIb, MOTYYAeT MPABO yHANIATh OOBEKTHI JIF000oro Trma. O4eBUIHO,
YTO 3TO JAJICKO HE BCETa SBIISCTCA JKeNaTeNIbHBIM ITOBEICHUEM.

MOXHO TONBITaThCS PEMHTh 3Ty NpobieMy, BBeHS IecsATb
Pa3IHMYHBIX OIlepalyii, NPeAHA3HAYCHHBIX AJIs YIAJICHUsS OOBeKTa
KaXIOro W3 THUHOB. Takoe pelleHHe OKa3blBaeTCsi HE OYEHb
YIA4YHBIM, €CJIA TUIIOB HE I€CATh, a, HAIIPUMED, CTO.

[Ipobnema emie Oosiee YCyryOIIseTcsl, €CIA B CUCTEME BO3MOXKHBI
pa3JIMYHbIE CXEMbI I0CTyNa K pa3HbIM o0beKTaM OJJHOT'O THIIA.
Hanpumep, 00BbeKTHl HEKMX THIIOB MOTYT OBITh WM OTKPBITHIMU
JUTSL TIYOJTUKH, WK COBEPIICHHO CeKpeTHhIMU. Co3/aBaTh JACUCTBHS
«yIaJHTh MYONHYHBIA OOBEKT», YHAIUTh CEKPETHBIH OOBEKT» H
T.II. K&XKETCS COBEPIICHHO HEPa3yMHBIM.

Ha mpakTrke, IpH UCTIOIB30BAHUU POJICBOH MOZIENHU B CIOMKHBIX
cHCTeMax, pa3padOTYMKH OOBIYHO HE IBITAIOTCS JCKJIapaTHBHO
3aJ1aBaTh CXeMy JOCTyNIa K OOBEKTaM CHCTEeMBL. BMecto 3TOro
npoteaypa MpOBEPKH BCTPAUBAETCS B HY)KHOE MECTO MPOTPaMMBI.
[Tpu 3TOM NPOBEPSIOTCS KaK CBEJEHMUS, IPEJOCTABIIEMbIE MOJYJIEM
poneBoii Oe3omacHOCTH (T.e. pOJNM, B KOTOPBIX BBICTYNAET
MOJIb30BaTeNb), TaK W JIOOble Jpyrue CcBeleHHs 00 OObeKTe
(Bmazmenerr 00beKTa, yPOBEHb CEKPETHOCTH H T.IT.).

[Tono06HBIN MOAX0A 3aTPyIHAET U3MEHEHHE CXEMBI JIOCTYIIA, TaKk
KaK Uil 3TOTO HY)XHO HCIpABISATH KOJX MPOLEIYPHI NPOBEPKH H
NEePEKOMIMINPOBATh MPHIIOKECHHE.

Yayumennas pojesast mogenab (Moaesb ForceField)

ForceField — 310 paspaboTaHHass HaMH MOJENb YIPABICHHS
JOCTYNOM,  KOTOpas —~ MO3BOJSET  CO3AaBaTh  MPOCTHIE B
aIMUHUCTPUPOBAHUH TIOMUTHKH Oe3omacHocTd. OHa  sBIsSETCS
CYLIECTBEHHO 0o0Jee MOIIHOM, YeM poJieBas MOJETb, U HPH ITOM
JIMIICHA €€ OCHOBHBIX HEJOCTATKOB.

JlepeBo 00bEeKTOB
Mpb1 oOcyxpanyd mpoOsieMy JAWama3oHa JSHCTBUSI poOJIed B
0azoBoil poieBoit Mmomenu [[1]] uW BapuaHT ee pEIICHUS C
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HCIIOJIb30BaHHEM J0MEHOB. HerocTatok 3Toro peuieHust B TOM, 4T0
JIOMEHBI HYXXHO CO3[aBaTh BPYYHYIO, H OHU SBHBIM 00pasoM He
CBsI3aHBI HH C KakuMu oObekTamMu cucTeMbl. K Tomy ke
OTCYTCTBYET HepapXus J[JOMEHOB, a 3HA4uT, HaOOpBl pouei
MOJB30BATENsl B PA3HBIX [OMEHAX IMPHUIOKCHHS COBEPIICHHO
HE3aBHCHUMBL. JTO CO3[aeT TPYAHOCTH, €CIIH MOJIb30BATEIb JODKCH
UTPaTh OMPEEICHHYIO POJIb BO BCEH CHCTEME cpa3y — ero MpuaeTcs
HAa3HAYHUTh HA ATY POJIb B KAKIOM JOMEHE B OTJCIbHOCTH.

B mopmenmn ForceField Bce 00BbEKTBI CHCTEMBI OOBEOUHSAIOTCS B
eIMHOe JepeBo. Y KakKAO0ro OO0BEeKTa, KPOME EIHHCTBEHHOTO
KOPHEBOTO, €CTh OJIHH POAUTEIbCKUN O0BEKT, U JTI000E KOTHMISCTBO
JgouepHux. Poiab MokeT ObITh Ha3HAu€Ha MOJIB30BATENI0 B
KOHTEKCTe J1I000ro oObekTa. IIpu 3TOM MMOJB30BATEh HAYMHACT
WrpaTh HA3HAUCHHYI0 pOJIb BO BCe BETBU JepeBa, KOTOpas
00pa3oBaHa 3TUM OOBEKTOM.

Takum 06pa3om, J1t000H 0OBEKT MPUIOKEHHS 00pa3yeT TOMEH, B
KOTOpBI BXOJUT OH CaM M Bce ero jodepHue oO0bekThl. Ero
JouepHHe  OOBEKTBI  0OOpa3ylOT  JOMEHBI,  SIBISIOIIHMICS
MO{YUHEHHBIMU TI0 OTHOILCHUIO K JJOMEHY POJIUTEIBCKOTO 00BEKTA.
Cromcok pouieif, KOTOpbIe MOJIb30BATENIb UIPACT B OMpPEACICHHOM
JIOMEHE, COCTOMT U3 POJICH, HA3HAYCHHBIX €My B JaHHOM JIOMEHE,
IUTIOC POJIM W3 JJOMEHOB BBEpX MO Hepapxuu. Poiiu, Ha3HAuYCHHBIE
MOJIb30BATEN0 B KOPHEBOM JIOMEHE, UMEIOT III00aIbHBIN XapakTep,
T.C. )IeﬁcTBPITeJ'ILHLI B KOHTEKCTC KaXXJ10I'0 O6’beKTa TIPUIIOKCHUS.

Poab «Baagenem»

BepHemcst emie pa3 K mpoOjeMe OTCYTCTBHS BIIAICBIEB Y
00bekTOoB B 0a30BOi posyeBoii Mojenu. B kauecTBe pelneHus
MOJOMAET JIF000H MeXaHH3M, ITO3BOJISIONINI BBIIEIMTL XO3SHHA
00BEKTa W HaTh €My OCOOBIe TpaBa Ha 3TOT OOBEKT. B Hamiei
MOJIENH JAJISi 3TOTO BBOJAUTCS POJb «BIAJCINCI», Ha3HAYAIOMIAsCs
MOJIb30BATEISIM B KOHTEKCTE TEeX OOBEKTOB, KOTOPBIMH OHH
BJIAJICIOT.

DTa pojib IO CBOEMY MOBEACHUIO OTJIMYAETCS OT APYTUX POJIEH.
Bo-nepBbIX, TOJBKO OIUH IMOJIb30BaTEIb MOXET UIpaTh poOJib
«BIIaJIENIeN» B KOHTEKCTE KaKOTO-TO OmpeaeneHHoro odnvekra. Bo-
BTOpPBIX, OOBEKT HE JOJDKEH HACIENOBaTh POJIb «BIAJENEN» OT
POIUTEINSI, €CIH B €r0 COOCTBEHHOM KOHTEKCTE TaKas POjb KOMY-
00 Ha3HAYCHA.

PaSBI/IBaH 3Ty uacrw, 3aMCTHUM, 4YTO pOJ'lI) MOXET 6BITB
Of'paHquHa HC TOJIBKO OIHHUM aKTepOM, HO " 60J'ILI_UI/IM ux
KOJIMYeCTBOM. TakuM o00pa3oM, ecii poJib OrpaHHYeHa N
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MOJIb30BATENSAIMH, TO B KOHTEKCTE JIIO00TO OOBEKTa CHUCTEMBI HE
Oospllle N TONB30BATeNIeil MOTYT WIpaTh 3Ty poib. IIpu 3TOM,
OUYEBHJHO, YTO B CHCTEME B IEJIOM Yy 3TOH pOJM MOXKET OBITh
Oostbllie N Ha3HAYECHUIH.

B 0azoBoii Monenu mNOAOOHBIE OrpaHUYECHUS HA3bBIBAIOTCS
KapAMHAJIBHOCTBIO POJIM U  OINpEJeNieHbl KaK MAaKCHMalbHOE
KOJIMYECTBO MOJB30BATENICH, KOTOPBIE MOTYT HIpaTh 3Ty pONb B
paMKax BCEH CHUCTEMBI.

Kuace nocryna

M5!I yrioMHHAIM, 9TO, XOTS pacipeesicHre ONepaIiii o posiM
KaXETCs JIOTHYHBIM, OHO BeChbMa 3aTPYAHSCT Pa3padOTKy CXEMBI
Oe3omacHoctu. Vcrnonp30BaHue ke CHEHApUEB Ui IPOBEPKH MpaB
JIOCTYIa YCIIOXKHSET aAMUHUCTPHUPOBAHUE CUCTEMBI.

Jdnst cozmanust THOKOM cxembl 0Oe30macHOCTH 0e3 PYy4HOTrO
IporpaMMHpPOBaHHs ClieHapueB mpoBepkd, B ForceField Beemeno
MOHATHE «KJlace npoctyma». Kilacc poctyma coaepKUT Habop
mmpaBuji, 3aJarolInuX IIpaBa BBINIOJTHCHUA ONPEACIICHHBIX onepam/li/'l
JUIL OmpeAeNicHHBIX posell. Tlopsamok ciienoBaHUs HpaBUI BakeH,
TaKk KaK TpPU IPOBEpPKE MOUCK BENETCsA CBEPXY BHU3 JIO TeX IIOp,
moka He OymeT HaHAEGHO MPaBWJIO, IOAXOJSINEEe IPOBEPIEMOit
cutyarud. [IpaBmio W3 Hamlero mnpuMepa MOJOHAET, eciid Oyner
3aIpOIICHO pa3pelleHre Ha ynaleHHe O0bEKTa, a TOJb30BaTellb B
KOHTEKCTE 3TOr0 00BEKTa OYJeT aIMUHUCTPATOPOM.

Kaxxmomy 0OBEKTYy CHCTEMBI CTaBUTCS B COOTBETCTBHUE POBHO
OlMH KJacc JAOCTyma, a J000H Kiacc IOCTyNma MOXET OBITh
Ha3HaueH MPOHM3BOJIHHOMY KOJIMYECTBY OOBEKTOB. DTO IO3BOJISIET
HUMETh B CUCTEME HECKOJIBKO Pa3HBIX CXeM J0CTyIa K 00beKTaM, He
3aCTaBJIsAsI HAC CBA3BIBATH J3THU CXE€Mbl C THIIAMU WM KAaKHMHU-TO
JOPYTUMH TpU3HAKaMU 00BeKTOB. OTMETHM TaKXKe, YTO Ha3HAUCHHS
KJIACCOB HHUKAaK HE CBS3aHBI C HepapXuell OOBEKTOB: INOYCPHHMA
00BEKT MOXET UMETh JII000H Ki1acc J0CTyma, He3aBUCHMO OT TOTO,
KaKOW KJ1acc Ha3Ha4eH POJUTEIILCKOMY OOBEKTY.

Kiacc moxer 0azupoBarbcs Ha APYroMm Kiacce, TakK 4TO, €CIH
MIOJIXOSIIIIETO MpaBHiIa B Kjlacce HeT, OyJeT mpocMoTpeH 0a30BbIH
KJIacC, TIOTOM €ro 0a30BBIN Kiacc U Tak ganee. Eciu mpaBuio Tak u
He OymeT HaiIeHo, TO Omepamusl CYUTACTCS 3ampemieHHOW. DTOT
MECXAaHU3M TaKXE€ CIYXUT A YHOPOUICHUA AAMHUHUCTPUPOBAHUA
CHUCTEMBEI.

Hepe'-H/ICJ'II/IM HEKOTOPBIC BO3MOXHBIC BApHUAHTBI paCIIpEACICHUA
KJIACCOB 110 00BEKTaM:
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1. V¥V Bcex 00BEKTOB OJHOTO THIa OAWH W TOT K€ Kiacc
nocryna. Crenyer NpUMEeHsITh B CUCTEMaXx, Te pa3jInuHble
THUIBI OTJIMYAIOTCS IPYr OT JIpyTra IO MpaBUiIaM KOHTPOJIS
JOCTyna, HO BCE€ OOBEKTHl OJHOTO THMA BeIyT ce0s
OJIMHAKOBO.

2. EcrTp HECKOJBKO KIJIACCOB IOCTYIA, KOTOPhIE MOTYT OBITh
Ha3HAYeHBI JIIOOOMY OOBEKTy, HE3aBHCHMO OT €ro THIIA.
Hanpuwmep, kacchl, onpeaemsioniue ypoBeHb CEKPETHOCTH
nHpopManuu (IyOnudIHast, I CIYKeOHOTO TOIb30BaHMs,
COBEPIIICHHO CEKPETHAs).

3. Ectp Bcero oawH Kiacc AOCTyHa, KOTOPBHIH Ha3HAYAETCS
BCEM 00BEKTaM.

HacnenoBanue pe3osTi0nuu cBepXy

CyliecTByeT Takke MEXaHW3M HAcJEJOBaHMS MPABWJI JOCTYIa
OT  BBINIECTOSIIIMX OOBEKTOB. [lOJOOHBIH MeXaHW3M  YacTo
BcTpevaercss B (ailIoBBIX cHcTeMax (IUCKPEIMOHHAS MOJICIh):
(aiiipl, nexariye B Marnke, MOI'yT HE UMETh CBOMX COOCTBEHHBIX
MIPaBWJI IOCTYIIA, HACJIEAYs 3TH IPaBHiIa y MAIKH.

B ForceField ato peanusyetcs cneayroum odpa3om: B TH0O0M
IIpaBUJIe KJIacca KPOME PE30NIONHUH «Pa3pelIeHO» U «3aIpelIeHO
MOXXHO HCIIOJIB30BaTh BAapPHAHT «IIPOBEPh PpOJUTEN». B 3TOM
ciy4ae, IS BBIJadl OKOHYATEIBHOTO OTBETa OyIEeT IpPOBEPEHO,
MOXKHO JIM JIaHHOMY II0JIb30BaTENI0 BBIIOJIHUTE 3alpalinBaeMoe
JICUCTBHUE 110 OTHOUICHUIO K POAUTEIBCKOMY 00beKTy. EcTecTBeHHO,
9TOT IMPOLIECC MOXKET ObITh PEKYPCHUBHBIM. Ecim mo mocTxkeHHn
KOpHSI HepapXuu 00bEKTOB, SIBHOTO Pa3pelIeHHs WM 3alpeTa Tak U
He OyZeT HaiJIeHOo, TO IeHCTBHE CUMTACTCS 3aIPEIICHHBIM.

YroObl mpoay0IupoBaTh OIMCAHHOE BhILIE TTOBeAeHUE (ailioBoii
CHCTEMBI, IOCTATOYHO CO3/1aTh KJIAacC, B KOTOPOM OOBEKT HacieayeT
OT POJUTEJIS TIpaBa Ha BHITIOJHEHHUE BCEX ONEPAIH.

B To e BpeMs Hala MO/ENb O3BOJISIET M TAKOH BapHaHT, KOTAA
IpaBa Ha YacTh OIlepallMii HacIeIyloTcs, a Al APYroil dactu
3aJ1al0TCs IBHBIM 00pa3oM.

I'uopuanocts Mosean ForceField

JokaxeMm, dYTo mpeayaraeMas HaMH MOJENb  IO3BOJISIET
peanu30BaTh B CBOMX paMKax (PyHKIIMOHAIEHOCTH 0A30BBIX POJIEBOI
U TUCKPELIMOHHON MOJIEIIeH.
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Peanuzanus poJieBoii Mogean

[IpennonoxxuM, 4TO B HAIIEM MPHIOKCHHH YETHIPE OOBEKTa
JIBYX pa3Nu4HbIX THUIOB: Ay, A; B, B, CymectByor aBe
oreparyy, KOTOPbIe MOXHO BBITIOJHUTH HAJ OOBEKTOM THMa A, U
onHa ais 00BEKTOB THIA B: Opai, OPaz OPp:- Takke B cucreme
3aperuCTPUPOBAHO NBa monb3oBatens: Uy u U,.

BazoBas poneBast MO/eNb MPENHUCHIBACT HAM BBECTH B CHCTEMY
PO W pacHpeieNuTh Olepali MeXIy poJsIMH. Bmemem
cienyronre poiu. Poib r; BKimodgaeT B ce0s omepanuu 0Pay U OPgy,
a poJIb I, — omeparuio 0Pa;. HaszHaunMm Ha ponm momb3oBaTeneit: U
WUTpaeT B CHUCTeMe poib fp, a U, — obe pomn. HamomumM, dTo
MIOJIb30BAaTENb, HA3HAUYCHHBIH Ha ONPENCIICHHYIO POJIb, HMEET IPaBo
BBITIOJIHATH onepauym, BXOOAIIIHUEC B 3Ty pOJ'II), 10 OTHOLICHHUK K
JH000MY 0OBEKTY CHCTEMBI.

Ota cxeMa NPOWUTIOCTPUPOBAHA PUCYHKOM 1.

Al A2 Bl BZ
i f1: OPjg: OPgy
U, r,: 0Py,

UZ

Puc. 1

UTo0B! peanM3oBaTh €€ B HAIlled MOJETH, HEOOXOAUMMO CHadaja
CBECTH BCE OOBEKTHI MPUIIOKEHUS B eINHYIO Hepapxuto. s atoro
JOCTaTOYHO J100aBUTh (UKTHBHBI KOPHEBOHW OOBEKT — r0Ot — M
cienatb OOBEKTHI €ro MPsIMBIMH HMOTOMKaMu. [yt Toro uToObl Bee
poiu ObLIH TII00aTBHBIMU (KaK TOTO TpeOyeT 0a30Basi MOAENb) MEI
JOJDKHBI OyZeM Ha3HayaTh II0JIb30BaTeNie Ha HHUX TOJIBKO B
KOHTEKCTEe KOpPHEBOro 0ObEeKTa, WM, APYIMMH CJIOBaMH, B
KOpHEBOM IOMEHE U;oor. MBI BBOJMM pONH I ¥ [, U Ha3HAYaeM Ha
HUX N0JIb30BaTeEN.

Iocne BBeneHHS B CHCTEMY OMEpalUil OCTaeTcsi TOJBKO OJHA
HepeleHHas mpobieMa: HeoOXOAMMO, YTOOBI POJIb OINpenessiiach
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OIIepaLMsIMHI, BBIIIOJHACMBIMH B €€ paMKax. JIeHCTBUTENBHO, POJIb B
mozenu ForceField, B obmeM cimydae, He COOTBETCTBYET 3TOMY
TpeGoBanuio. DaKTHIECKH OHA HUYEM HE OTIMYACTCS OT TPYIIIBI
I10JIb30BATEICH.

PenieHne 3aKiIi04aeTcsi BO BBOJE B CHCTEMY €IMHOTO VISl BCEX
00BEKTOB KJIacca JIOCTyIa Cy, B KOTOPOM OINEPaliy, COCTABIIIOLINE
OIIPEJIENICHHYIO POJib, JJIsi 3TOM POJIM SBHBIM 00pPa30M pa3pelleHbI.
OueBHIHO, YTO 3TO W €CTh HYXHBIH HaMm CII0CO0 3alucu
COOTBETCTBUA MECKIY POJIIMHU U OllCpallusAMU.

[MpuHOUTHATBHAS CXEMa PEATH3alliY IPUBEACHA Ha PHCYHKE 2.

r 0p,, | MOXHO
r Opg, | MOXHO
r, op,, | MOXHO

Puc. 2

Peanu3auus 1ucKpenmoHHO Moaeu

Jns npuiiojxeHus, ONMCAaHHOTO B MpeAbIAyIIeH 3aJaue, CUcTeMa
KOHTPOJISI JIOCTyMa Mo Mojenu Xappucona-Pyszo-Yibmana Oyjaer
mogo0Ha cxeme Ha pucyHke 3. B Heil cTosOubel COOTBETCTBYIOT
00BEKTaM, CTPOKHM — IIOJIB30BATEISIM. B  sdeikax MPOIUCAHBI
WHAWBUIyalbHBIE I[IpaBa I[OJB30BATENsS HA COOTBETCTBYIOLTHH
00bekT. OTMETMM, UYTO, XOTS B OTOM MW HET OOJBIIOH
HEOOXOIUMOCTH, B TabJHIIe SBHBIM 00pa30M 3alpeIieHb! OTeparny,
HE MMEIOIINE CMBICIIA JIISI COOTBETCTBYIOIIHAX O0OBEKTOB.

200




Al A2 Bl BZ
ﬂx Op,,-fa O0p, -Aa Op,,-HET 0p,, - HeT
Op,,- HET 0p,,- HET 0p,,- HET 0p,,- HeT
U, OPg,-HET Opg -HET Opg, -HET 0Py, - HeT
% Op,,-Aa 0P, -Aa Op,,-HET 0p,, - HeT
Op,,-Aa O0p,,-fa Op,,- HET 0p,,- HeT
U Opg,- HET 0pg, - HET 0pg,-fa Oopg, - Aa

Puc. 3

Has peamusaiuu 3toit momenu B ForceField myxno co3math
YeThIpe OTACTBHBIX Kiacca AocTyma (Cai, Caz, Cp1 U Cgp) U
Ha3HAYUTh UX COOTBCTCTBYIOUIUM HUX o0nekTam. B COCTaBJIAOIIUX
KJIacChl TpaBWJIaX paspemieHus OyayT [aBaThCs HE pPOJsIM, a
HEMOCPENCTBEHHO MOJb30BaTemsIM. Heo6XomMMo MoquepKHyTh, 4TO
BO3MOXKHOCTh YKa3blBaTb B IIpaBUJIC HE POJIb, a IIOJB30BATEN,
ClleyeT HCIIONBb30BaTh TOJBKO B KPAWHHUX CIydasx, TaKk KakK 3TO
MOXKET INPHUBECTH K CO3MaHHIO IUIOXO YIPAaBISIEMOH MOJUTHKH

0€e30IacHOCTH.

B Kkmacchl He BKJIIOYCHBI npaBujia, 3alperiaromme HE UMCIOIIUC
CMbICJIa olepalun, T.K. BCC SBHBIM 06pa30M HE pPa3pCuICeHHOC

ABTOMAaTUYCCKH CYUTACTCA 3allPCIICHHBIM.

PesynpTupyromas cxema nNpuBeicHa Ha PUCYHKE 4.
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root

— "

Al A2 Bl BZ

Ca1 Ca2 CBI/\ >

% Opa1 |Aa Opa1 | Aa

Uy
% Opa1 | A2 Opa1 | Aa Opg1 | Aa Opg1 | AA
Opa2 | Aa Opa2 | Aa
U,
Puc. 4

Ha cxeme He TmoOKa3aH KOpPHEBOW JIOMEH U Ha3HaueHMs
MOJIb30BaTeNIel Ha POJIH. DTO CBS3aHO C TEM, YTO paccMaTpuUBaeMas
MOZEIb SBJISIETCA CIMILKOM IIPOCTOW, M pOJM B HEH He
HCTIONB3YyIOTCS. B TakoM BHIe Mojaenb He TOAMTCA UL
OOJIBIIMHCTBA pealbHBIX NPUMEHEHUH, IO03TOMY pacHIupuM ee,
J00aBUB TUIEI 00BEKTOB U I'PYIIIHI TOJIH30BATEICH.

B Hamem npunokeHHHM W3HAYaJbHO €CTh JBa THMA OOBEKTOB,
MI03TOMY BBEJEM HX B CHCTEMY, CBSI3aB C KJaccaMH J0CTyIa. Takum
00pa3oM, KOJIMUECTBO KJIACCOB OE30MAaCHOCTH YMEHBIIAETCsS [0
JBYX: Kjacc O6e3omacHOCTH Juisi 00bekToB THA A (Ca) U Kilace Juis
o0bexToB THIA B (Cg).

Jnst rpyNnMpoOBKM TOJb30BaTelIeld Mbl MOXEM HCIHOJIb30BaTh
poJH, Ha3Ha4aeMble TOJIb30BaTeNsIM B KOpHEBOM jJoMeHe. [loaTomy
BBEJIEM JIB€ poiH: J; U §p. Mi3MeHNM mpaBuiia B KJ1accax JOCTYIa, C
TeM YTOOBI OHM BBIJABAIM PA3pEUICHHs TPYIIaM IOJIb30BaTeNeit
(T.e. possiM), a HE KaXKI0MY IOJIb30BATEINIO B OT/IEJILHOCTH.
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Ha pucynke 5 npuBeneHa cxema peanu3allid TUCKPELUOHHOMN
MOJIENH, ONTHMH3MPOBAHHOW 3a CUET THIU3AIMH OOBEKTOB W
BBEICHUS TIpynn IoOJb30BaTesied. B Hamell Mozxenum MOXKHO
peamu3oBaTh W JIpyrHe CHOCOObl onTmMu3anuu. Hampumep,
HACJICJIOBAHKME MpaB MO aHAJIOTUU C (ailJIoBON CHCTEMOW JIETKO
peanusyercsi 3a CUeT CHEeIHabHOTO Kilacca JOCTyMa Ha JOYepHEM
00bekTe. OH JOMKECH OMPEeNeNisaTh COOCTBCHHYIO CXEMY JOCTyIa
00BCKTa W JIOMOJIHATH €€ TPABHIOM <«I00as poiib — Jrobas
omnepanus — Kak y poIuTess.

Ca Cs
91 |OPn, A2 Opg, |Aa
9, |op, |Aa

Puc. 5

BBeaenue 3j1eMeHTOB MaHAATHOI MoOaeIHn

Camoii mepBoit U3 PACCMOTPEHHBIX HAMU KJIACCHUECKHUX MOJIEIeH
Oblla MaHJaTHas Mojzeib. B pampHEimieM MBI He yaemsum el
JIOCTATOYHOIO BHMMAaHHS, TaK KaK OHa SBJISE€TCI BecChbMa
SK30TUYHOM, W KpallHE penKo MpUMEHSEeTCs B peallbHbIX
MIPWIOKCHUAX. B CBS3M ¢ 3THM MBI HE CTaBHIIH Iepe]l COO0U 3anaqy
0XBaTa U 3TOW MOJEINIM, HO HAMETWIH MYTH, 10 KOTOPBIM 3TO MOKET
OBITH CHEJIAHO.
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Bo-mepBrIX, KilaccaM JOCTyna HY)KHO Ha3HAYHTh ypPOBHHU
CeKpeTHOCTH. Tak  Kak  KaXOblH  OOBEKT  MPHIOKCHHS
MPOACCOIMMPOBAH C ONPEAETCHHBIM KJIAcCOM JIOCTYyIa, 3TO
ABTOMATHYECKH Ha3HAUYUT YPOBHH CEKPETHOCTH U BCEM OOBEKTaM.

Bo-BTOpBIX, MBI JOIKHBI Ha3HAYUTh YPOBHU JIOIIyCKa
MOJIb30BATENsIM ~ CHCTEMBL. B COOTBETCTBUM C  MOJENbIO,
N0JIb30BaTeNb OyJeT MMEeTh NpPaBO YUTATh JOKYMEHTBHI C YPOBHEM
CEKPETHOCTH HE BBIIIE €ro COOCTBEHHOTO, M U3MEHATh JOKYMEHTHI C
YPOBHEM HE HIIKE.

B-TpeTpux, HEOOXOIUMO pa3ICTUTh BCE ONEPAllUN CHCTEMBI Ha
IBE TPYNIB: TPYIIy YTEHWS M TPYIIy 3amucH. Torma, mpu
MPOBEpKEe Ha IOMYyCTUMOCTHh OIEpalHd, MBI OyAZeM TOYHO 3HATH,
KaKoe MPaBIIO IPUMEHUTb.

Haxkonen, Monudummpyercs mporenypa mpoBepku npas. Ecim y
00BEKTa ¥ TIOJNB30BaTeNs pa3HblE YPOBHH, TO MBI MPOBOINM
IIPOBEPKHU 10 CTAaHJAPTHBIM IPUHIUIIAM MaHAATHON monenu. Eciu
YPOBEHb OJMHAKOBBIH, TO MpPUMEHsEeM OOBIYHBIC IpaBUIa HalleH
MOJIEIH.

3amMeTHM, 4YTO HYXHO OyaeT eme TIaTeJbHO O001yMaTh
KEJIaeMO€ MOBCJACHUE CUCTEMBI B CUTYyallMu, Korja 1o MaH}IaTHOﬁ
MOJENM oOmepamusi paspeiieHa, a 1o wMoaeau ForceField —
3ampenieHa. OTBET Ha 3TOT BOIPOC OIPEIESIUT HANPaBICHHOCTH
cucteMbl Oe3omacHOCTH. HyXHO pemmTh, YTO TPHOPUTETHEMH:
MoJHast CBOOOAA IIONB30BATEISIM C BBICOKHMM YpPOBHEM HIIH
OTpaHUYCHUE MOITB30BATEICH C HU3KHM.

3aki0ueHue

Mbl nokaszanu, 4YTo MpeajaraeMas MoJeib KOHTPOJS JOCTyIa
o0beauHsIeT B cebe 0asoBbrlie Momenun. Uto Oojiee BakHO, OHA
pacumpsieT uX BO3MOXHOCThIO HA3HAUCHUS TI0JIb30BATENeH HA POJIH
B KOHTEKCTe JI000ro o0BeKTa cucTeMbl. [l03TOMy MHOXECTBO
poJieil, KOTOpbIE MOJIb30BATENb UTPAET B HEKH MOMEHT BPEMEHH,
He SIBIISIETCS. OJJHUM M TEM K€ IS BCeX O0BEKTOB NMPWIOKEHUS, a
MIOTIOJIHACTCS. HOBBIMH POJSIMH TI0 MeEpe CIycKa BIUIyOb IIO
00BEKTHOH nepapxuu.

3a cyer O9TOro IMOSABISAETCS BO3MOXKHOCTH MAaKCHMAJIbHO
€CTECTBEHHBIM 00pa30oM OrpaHWYUTH 00JIACTh JAEHCTBHUS BBIIAHHBIX
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MIOJTb30BATENI0 MOJTHOMOYHMHA ONPENETICHHON YacThiO NMPHIIOKEHHS.
3T0 MO3BONSAET YMEHBIINTH HEOOXOAMMOE KOJIHYECTBO POJIEH M
YIPOCTHUTH CXEMBI IOCTYIa K 0OBEKTaM.

Takum o0pa3om, Hamia MOJENb HO3BOJSIET CO3/1aBaTh JIETKUE B
aJIMUHUCTPUPOBAHUY TOJMTUKU OE€30MacHOCTH, 00ianas, B TO Ke
BpeMsi, HEOOXOAMMBIMH BO3MOXHOCTSIMH TI0  OTPaHUYCHHIO
HECaHKIIMOHUPOBAHHOT'O JIOCTYIA K 0OBEKTaM MPUIIOKEHHUSI.
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The process of developing hardware and software
systems based on visual modeling using SysML/UML

Dmitry Ryzhov Denis Ivanov
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Abstract

More and more, systems engineers are turning to the System
Modeling Language (SysML) to specify and design their embedded
systems. This has many advantages, including verifiability and ease
of passing off information to other engineering disciplines,
particularly software and hardware. This paper describes a SysML-
based process that systems engineers can use to capture
requirements and specify architecture. The process is function-
driven and is based heavily on the identification and elaboration of
operational contracts, a message-based interface communication
concept. The process described is developed by Telelogic and
actively being used in real projects for embedded systems
development based on Model-Driven Development (MDD)
approach.

Keywords:  System Modeling Language (SysML), embedded
systems, system&software integrated development process,
functional decomposition, model verification and validation
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IIpouecc Pazpadorku [IporpaMmMHO-AnnapaTHbIxX
Cucrem Ha OcHoBe BuzyanbHoro MojaeaupoBaHus ¢
Hcnoan3zoBannem SysML/UML

Jmutpuii PerxoB Jenuc Banos
SWD Software Ltd. Aii Tu Koncanrunr.
email: d.ryzhov@swd.ru email: denis.ivanov@it-

konsulting.spb.ru
Te3ucel

Bce Oompmee YHCIO CHCTEMHBIX  HHXXCHEPOB  HAYHWHAIOT
HCII0JIb30BATh SI3BIK MOJEIUPOBAHUS SysML JUTSL
cnenuGUIUPOBaHUS U MPOCKTUPOBAHUS MPOrPaMMHO-AMMAPATHBIX
cUCTEM. JTO JaeT WM MHOTO IMPEeHMYIIeCTB, B TOM YHUCIIE
BO3MOXKHOCTH BepU(DUKAIMH U BaTUAAIMK MOJCICH CHCTEM U
oOJeryeHue mepemavyd HHPOPMALUMH  MPESACTABHTEISIM JIPYTUX
WHXEHEPHBIX  JUCIHUIUIMH, B  YacTHOCTH  pa3padoTyuKam
MPOrpaMMHOTO ¥ ammapatHoro obecreueHus. JlaHHas craThs
COIICPXKUT OMFCaHUE TIpolecca pa3pabOTKA CHCTEM, OCHOBAHHOTO
Ha SysML, KOTOpbI cHCTEMHbIE MHXKEHEPHI MOTYT HCIIOJIb30BATh
Uil cienuUKAu TpeOOBaHUM W OIpeNeNeHUs apXUTEKTYPHI
cucteM. B ocHoBe mpomecca  JeKUT  (QYHKIIHMOHATIHHAS
JCKOMITO3WIIMS, OCHOBaHHAas Ha OIpPENeNICHHH W JallbHEeHWIIeM
YTOYHEHHH OTEPAIlMOHHBIX KOHTPAKTOB, a TakKXe KOHIICTIINS
B3aMMOJIEHICTBHS Ha OCHOBE 0OMeHa coobueHuAMHU. OnHIChIBaeMbIH
nporecc  paspaboran  kommanueir  Telelogic wu  akTuBHO
HCTIONIE3YETCS BO MHOXECTBE PEAbHBIX MPOEKTOB MO pa3zpaboTke
MPOrPaMMHO-AMMapaTHBIX ~ CUCTEM Ha OCHOBE BHU3YaJIbHOTO
mopenuposanust (MDD).

Keywords: SI3BIK  MOAenupoBaHuss SysML, NIPOrPaMMHO-
anmapaTHbIe CHCTEMBI, HMHTETPUPOBAHHBIM Ipouecc pa3paboTKu
cucteMm u [10, pyHKIMOHANBHAS NEKOMIO3UIIHUS, BeprpHUKAIUI U
BaJIMalMA MOJEIN
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BBenenne

MHorue Toxabl pa3pabOTYMKHM TNPOrPaMMHOTO OOecHeueHus: ¢
ycnexoM npuMeHsi s36ik UML 11t pa3paOoTku mporpaMMHOTo
obecrieueHHss Ha OCHOBE BHU3YaJIILHOTO MOJEIMPOBaHMs. bbuIo
MIPEIIPUHITO HECKOIBKO MOMBITOK npuMeHnTs UML n nexammii B
€ro OCHOBE OOBEKTHO-OPMEHTHPOBAHHBIN MOAXOJ K pa3paboTke
CHCTEM B II€JIOM C [eNbI0 YHA(UKAIIUHI BCETO IpoIiecca pa3padoTKH.
OnHaKO MHOTHE CHCTEMHBIC HH)KEHEPHI IIPOIOJIKAIOT HCIONb30BaTh
KIIACCHUYECKHE METOJIBI CTPYKTYPHOTO aHAJM3a U COOTBETCTBYIOLIHE
apredakTsl UIA  ONpeIeNieHHs] TpeOoBaHW K CHCTEME W
JAbHENIIero ee mpoekTupoBanus. OMHAa W3 BO3MOXHBIX MPUYUH
TAaKOTO MOJIOXKEHHUS JIel COCTOMT B TOM, YTO pa3paboTKa CHCTEM
ompenensiercss B Oonblueil  cTeneHW — (QYHKIMOHAIBHBIMH
TpeboBanusiMH. DOPMYIUPOBKH B TepMHHAX (YHKIHOHATBHOCTH
CUCTEMBI TIPH €¢ NPOEKTUPOBAHUU BCE €IIEC PacCMaTpUBAIOTCS Kak
Hauboyee  €CTECTBEHHBIMH  OOJBHIMHCTBOM  CHELHUAJHCTOB
WHKCHEPHBIX ~AWCHMIUIMH, BOBJICKAGMBIX Ha paHHUX JTarax
pa3paboTku CHCTEM (CXeMOTEXHHKOB, KOHCTPYKTOPOB,
MapKeTOJIOTOB u, KOHEYHO, 3aKa34YHMKOB). YunTeIBas
BBIIIIECKA3aHHOE, CAMHCTBEHHBIH ITyTh YHH(HUKAIUU BCETO IIPOIIecca
pa3pabotku 3akmrouaercs B pacmmpeHnn UML mis momywenus
BO3MOXKHOCTH Ppa3pabOTKH CHCTEM Ha OCHOBE (YHKIHOHAIbHOI
JEKOMIIO3MIIMKM M ONpENeJeHHH  Mpollecca,  MO3BOJIAIONIETO
OCYIIECTBIISITh IUIABHYIO MEpeAavy pe3yJbTUPYIOUINX apTedakToB
pa3paboTyvkaM IPOrpaMMHOTO O0ECHEYEHUs], HCIHOJIb3YIOIUM
UML. Jlns nocrmxenus stoit nenu OMG (Object Management
Group) copmupoBaia KOHCOPUUYM Ui pa3paboTku si3bika SySML
(Systems Modeling Language).

Ha Puc.3 u3obpaxensl auarpammsl sizbika SYSML. fA3sik SysML
siBrsieTcs quanektoM s3bika UML. Yacte muarpamu s3eika UML He
Bouuid B s3bIKk SysML, HO mnosBuiauch JBe HOBBIX. Jpyrue
muarpaMmel UML  ObUIM  TOTIOJHEHBI M YAaCTHYHO HW3MEHEHBI.
bazoBbM anmemeHTOM Mozenu cran 0ok, a He Kiacc. Jlmarpamma
Ki1accoB u jauarpamma crpyktypel UML  nomyuwnu HOBbIE
Ha3BaHUSI.

B crarbe onuceiBaeTcs Impolecc, OCHOBAaHHBIM Ha  s3bIKE
MojenupoBanus SYSML, KOTOpPBI CHCTEMHbIE HHKEHEPbl MOTYT
HCIIONIb30BaTh Ul creunduKauu TpeOOBaHUN M ONpe/elieHHs
apXUTEKTypbl CHUCTEM. PaccMmaTpuBaeMmblii mHpollecC OCHOBaH Ha
BO3MOXHOCTH cpenbl paspabotku Telelogic Rhapsody mo
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UCIIONIHEHUIO MOJENCH, Kak CpeacTBe Uil BepHOHKAMU H
BaJMIAINK TPEOOBaHUH.

CTpyKTypHas auarpamma |
1 [
aY

| [narpamma Tpe6oBanmit |

Anarpamma 6nokos |

[narpamma cTpyKTypbi 610ka |
[ 1

| Lin |
1 T ]

[Avarpamma akTuBHOCTH

Ivarpamma cocTosmi

Puc.3 Iuarpammbl si3eika SysML

00630p npouecca

Ha Puc.4 c wucnonp3oBaHumeM Kiaccudeckoil “V” muarpamMMbl
MOKa3aH HWHTETPUPOBAHHBIM IpoIecC, COBMEMIAIOUINH B cebe
pa3paboTKy CHCTEM U MporpaMMHOro obecmedyenus. JleBas
HAKJIOHHAs 4YacTh OYKBHI “V”’ oTOOpa)kaeT HUCXOISAIMIMUA TIPOIECC
NIPOCKTUPOBAHMs, B TO BpeMs Kak IIpaBas HAaKJIOHHas 4YacTb
oToOpakaeT BOCXOJSIIME JTalbl HMHTETpaldd, HAaduHas C
JIEMEHTAPHBIX TECTOB M 3aKaH4YMBas IPHEMKOH KOHEYHOH
cucTeMbl. VIcronb3yst HOTALMIO COCTOSTHHUM, UTE€paTHBHAs NMPUpOJa
mporecca oToOpakaeTcsi B BHAE “‘BHICOKOYPOBHEBOTO Tepexona’”,
BO3HMKAIOIIET0 NPHU MOsBICHHH M3MeHeHuil. Cramus pa3paboTku
CHUCTEM  XapaKTepu3yeTcs  IOCIENOBATENbHBIM  HHUCXOAAIINM
MIOTOKOM paboT, BKIIIOYAIOUINM aHaMW3 TpeOOBaHUH, aHANIH3
CUCTEMbI M TPOEKTHPOBAHHE €€ apXUTEKTypbl. [loTok pabor s
cTaauu pa3paboTKH MPOrpaMMHOTO 00ECTIeYeHHST XapaKTepU3yIOTCs
NUTEPATUBHBIMU WHKPEMEHTHBIMU LUKJIAMH, COJEPKallUMU STaIlbl
aHanM3a, NPOEKTHPOBAHMS, pealn3alMu, a TakkKe JTaIlbl
MHTETPaLUK U TECTUPOBAHUS PA3JIMYHOTO YPOBHSL.
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e AHanua TpeboBaHwii

WUameHeHus
- ™

Cragus
paspaboTku
cucTemMbl

Tecmogsle cyeHapuu,

Onpepenexue n MpuemouHoe
aHanu3 Tpe6oBaHuit TecTMpoBaHue

Wnrerpauun
cucTeMbl n
TecTupoBaHue

mopenu /

Ananus n
npoeKkTUpoBaHue
cucTemb!

Wnterpauus MO
W MHTerpanbHoe
S TecTUpoBaHme

N

Ananus n
npoeKkTUpoBaHue

Cragus
pa3paboTku
no

Peanusauus MO u
anemeHTapHoe
TecTupoBaHue

Puc.4 UuTerpupoBaHHbIii mpouecc pa3padoTKu cucTeM 1
NMPOrpaMMHOro odecne4eHust

BW — BapuaHTbI MCMonb3oBaHnsa
YA — yépHoro Awmka

Tpe6oeaHus 3aka34yuka BSA — 6enoro swmka

BU cucmembl

Modens cucmembi «4Ys»

OnepayuoHHble
KOHMpaKkmb!
Ci BU «Ys1»
Modens apxumekmypbi cucmems! ¢ OnepayuoHHLIe KOHMPaKMb!

onepayuoHHbIMU KOHMPaKMa -

Penoautopuii mogenu / TpeboBaHuii

PenosnTopuin TECTOBbIX AaHHBIX

MPUSHSAHHBINU K npOEKTMPDBaHV]e ApPXUTEKTYpbl
modcucmenman CuyeHapuu BU «Y51»
MpoeKkTMpoBaHNe apXUTEKTYpPbI I
" CueHapuu BU «B51»
MpoekT apXUTeKTYpbl nop
Modenu apxumexkmypsi PacwupeHHbie
c cuyeHapuu BU «B5»
Cneyugukayuu AO/MO
K komrnoHeHmam AO/MO Mpoekmupoearue AOIIO

Puc. 5 Ilpouecc pa3padoTku cucTeM, OCHOBaHHBI Ha SysSML
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Ha Puc.4 Ttaxxke oroOpakeH (akT co3laHHS M IOBTOPHOTO
UCIIONB30BAaHMSA Ha BCEX OTallax IIPOCKTHPOBAHUS TECTOBBIX
CLICHApHUEB, ONPEACIIEMBIX Ha OCHOBE MCXOJHBIX TPEOOBaHUH. DTH
CIICHApHH HCIIONB3YIOTCS Ha STallax MHTErPalld U TECTHPOBAHMUS, a
Taloke U1 PErpecCHOHHOTO TECTUPOBAHUS IIPH  BHECCHUH
HU3MEHEHUU B CUCTEMY.

[MepeunciauM Kito4eBbIe 1IEIX TIpoliecca pa3paboTKU CUCTEM:

* Ompenenenue TpebyemMoll (QYHKIMOHATBHOCTH CHCTEMBI H
HCTOYHHUKOB MPOMCXOXKICHUS TPEOOBaHUIH

* OmpeneneHue COCTOSIHAN M PEKAMOB PaOOTHI CHCTEMBI

* OmpezeneHne MOACUCTEM M X KOMIIOHCHTOB M IPHUBS3Ka K HUM
TpeOOBaHUH U peaan3yeMoit GyHKIHOHATBHOCTH

Jns  mpomecca MOICTUPOBAHMS ATH LENH  I[OIPA3yMEBAarOT
JBIDKCHUE CBEPXY BHH3, HauMHAsl ¢ aOCTPaKLHUil caMOro BBICOKOTO
ypoBHsi. Ha Puc. 5 npuBenena cxema npoiiecca pazpaboTKu CUCTEM,
ocHoBaHHOro Ha SYSML. [lns xaxmoii ¢aswl mporecca Mmoka3aHsl
OCHOBHBIC OTallbl, a TaKXC BXOJHBIC JaHHBIC U CO3JaBaCMBIC
aptedakThl. B cneayrommx pazaenax NpUBOAMTCS MX OIMCAaHHE, a
TaKKe ONpeleIeHHEe MOCIeI0BaTeIbHOCTH LIAroB IS KaXIOro M3
JTAIOB.

®a3za anaau3a TpedoOBaHUM
3.1. Oran onpeaesienusi TpedoBaHMI

®aza aHanmza TpeOOBaHWN HAYMHAETCS C aHallM3a HMMEIOIIEHCs
nHdopmanmu. Ha ocHoBe TpeOOBaHMH 3aka3yvKa CO3AAIOTCS
CUCTEeMHbIe TpeOOBaHMs, KOTOpbIE ONPENEINSIOT, 4YTO CHCTEMa
JOJDKHA AenaTh ((PyHKIHOHAJIBHBIE TPEOOBaHMA) U KaK XOpPOIIO OHa
JIOJKHA ATO JieNaTh (TpeOOBaHUS K KQUeCTBY).

3.2. Jran onpeaesieHHsi BApMAHTOB HCII0JIb30BAHUS

[Tocne Toro xak TpeOOBaHMA K CHCTEME CTAHOBSITCS MOHSATHBI OHU
TpYNIUPYIOTCST 10 BapuaHTaM HCHodb3oBaHUs. OJIuUH BapuaHT
HCTIOJIb30BAaHUS OIUCHIBACT KOHKPETHBIM OIEPAMOHHBIA AacIeKT
cucteMsl (TOTOK omepanuii). OH crnenu(UIUPYET TOBEICHNUE,
KOTOpPOE€ BHAHO MOJB30BATENIO, U ONPEAETSCT IMOTOK COOOIIEHHHA
MEXAYy Ioib3oBaTeneM M cucreMod. Ilpu 5TOM BHYTpeHHsS
CTPYKTYpa CHCTEMBI He cHenuduuupyercs HHKOUM 00pazoMm
(npencrasienne '"depHoro smwuka'). BapuaHTBl HCMOIB30BaHUS
MOTYT OBITH CTPYKTYPHPOBaHbI Mepapxudecku. J{ias oroOpakeHus
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MHOXKECTBAa BapHUaHTOB MCIOJIb30BAHUS TPHMEHSIETCS auarpamma
HCTIONIb30BAHMS.

OmpenencHHBIE  BapWaHTBl  WCIIOJB30BAHHMS  CBS3BIBAIOTCS  C
TpeOOBaHMSAMH K CHUCTEME, IIOCNIE Yero IPOU3BOJHUTCS MHPOBEPKa
MIOJTHOTHI OKPBITUS TPEOOBAHMH IEMEHTAMHU MOJICITH.

®a3a pyHKIHMOHAJILHOI0 aHAJIM3A

Ha ¢daze ¢pyHKImMoHansHOrO aHanm3a Ui KaXIOTO ONPENeICHHOTO
BapHaHTa HCIOJIb30BaHMUSA CO3JAeTCs OTJENIbHAas MOJENIb CUCTEMBI
“gepHOr0  ANMKA® W  OTHOCSIIUECS K HHUM  TpeOOBaHHS
BEpUGHUIUPYIOTCS M BAIUAUPYIOTCS IyTEM HCIIOJHEHUS MOJIEIH.
IIpn »>TOoM wWcHoNB3yeTcss MOAXOA, OCHOBAaHHBIM Ha OOMeEHe
COOOIIEHUAMHU:

* CTpyKTypa CHCTEMBI OIIMCHIBA€TCA C IOMOINBIO JAHarpamm
cTpyKTYpEl SYSML, B kauecTBe 0a30BBIX 3JIEMEHTOB MCIIONB3YIOTCS
OTI0KH, TSI KOTOPBIX ONPEICISIOTCS MOPTHl M NMPENOCTaBIsIEMbIE /
TpeOyeMbie HHTEP(EHCHI.

* BzaummogeiicTBue MexIy OJIOKAaMH OCYIIECTBISIETCA IIyTeM
oOMeHa cOOOIIEeHUMH (3aIIpoca CEPBHCOB).

* ODYHKIMOHAIBHOCTh OJIOKOB OINpPENENseTcs] C HCIOJIb30BaHHEM
OTIePAIMOHHBIX KOHTPAKTOB (CEpBUCOB), Hampumep, omepanusil(),..,
onepanmsid()

* QyHKIHWOHANBHAS ~ JEKOMIIO3UIMS  OCYLIECTBISETCA  uepes
JIEKOMITO3HMIINIO OTIEPALMOHHBIX KOHTPAKTOB.

Ha Puc.6 moka3zaHo kak cBs3aHBI MeXAy coboit apTedaktel SysML,
cO3/1aBaeMble AT KaKIOro BapHaHTa HCIOJIBb30BAaHHUS B IIPOIECCE
(YHKIIMOHAIBHOTO aHAIIN3a.

AHanu3 BapHaHTa MCIOJIB30BAHUS "YEPHOTO SAMMKA" HAYMHACTCS C
OTIpe/IeICHUS OKPY>KEHHS 711 BapHaHTa MCIOJIb30BaHus. J{J1s1 3TOT0
ucronb3yercs  Takoil  apredakr SysML  kak  cTpyKTypHas
auarpamMma. OJE€MEHTaMHM JTOH JAuarpaMMbl  SIBISIOTCS  OJOKH,
MOJENUPYIOIINE ASHCTBYIOUINX JIUL U CaMy CUCTEMY.

Ha crnepyromeM 1mare aHanu3a BapuaHTa — HCIIOJIb30BaHMS
omnpenenaTcs cueHapud 'dyepHoro smuka". OOUH cLEHAapHi
OMHCBIBAET OMPEEICHHYIO OCIEA0BATENIbHOCT B3aMMOACHCTBYS B
paMKax BapHaHTa HCIONb30BaHMs. OH JETaTM3MpYeT IOTOK
COOOIICHNH MEXIy HNEeUCTBYIONIMMH JUIIAMH H CHUCTEMOW B
paccMaTpuBaeMOM  BapHaHTE  HCIIOJNB30BAaHMS, a  TaKkKe
pe3ynpTHpyIOlIee TMOBEACHHE (OTEepallMOHHBIE KOHTPAKTHI) Ha
cTOpoHax Tmoisydareneit coobmenuit. C wucmomp3oBanueM SysML
CIEHAPHM  ONpeAessIIoTcs  rpaduyeckd  Ha  JuarpaMmax
MIOCIJIEI0BATENLHOCTH. Jlunnn KHU3HU Ha JrarpamMme
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MOCJIEZIOBATEILHOCTH "UEPHOTO SIIIMKA" OTHOCATCS K JCHCTBYIOIIUM
JII[AM B CHCTEME.

Kak Tompko Habop CyYIIECTBEHHBIX CIICHApHEB OIPEIeIieH,
MONyYCHHBIE CIICHApUH OOBEOMHAIOTCA B EOUHOE OIFCAaHHUE
[IOCJIEI0BATENBHOCTH IEUCTBUM ISl BapMaHTa UCNONb3oBaHus. s
9TOH LeNH HCIOJB3yeTcsl Takoi apredakt SySML kak mmarpamma
nesitenbHocTH. Kaknmoe geiicTBue Ha AuarpaMMme JAeSTEIbHOCTH
COOTBETCTBYET  OMEPALMOHHOMY KOHTpPAaKTy Ha JuUarpaMmme
MOCJIEZIOBATENbHOCTU. JluarpaMMa AesiTeIbHOCTH "4epHOro smKa"
WrpaeT BaXXHYIO POJb Ha JTale MPOESKTUPOBAHUS APXUTEKTYPbI
CHCTEMEL.

OcHOBBIBasiCh Ha WH(pOpPMAIUH, OMpPEICICHHON Ha IuarpamMmax
MOCTICIOBATEIEHOCTA ¥ JUarpaMMe JIeSTeThbHOCTH '"Y4epHOTO
smuka", s OJOKOB CTPYKTYpPHOW OHWarpaMMBbl OIPEIEIITIOTCS
TIOPTHI ¥ CBSI3aHHBIC C HUMH HWHTEP(EHCHI.

Cremyrommm aroM B aHAIHM3E BapHaHTa UCIOIB30BAaHUS ""UEPHOTO
amKa"  ABISETCS OINKMCAaHUWE IIOBENEHUS CHCTEMBI Ha OCHOBE
cocrostHUi. J{7s 3TOTO MCTONB3yeTes Takoil apredakt SysML kax
JauarpaMma  COCTOSIHMH. JlmarpamMma COCTOSIHME — OTOOpakaer
COCTOSIHASL U PEKHUMBI PAOOTBHI CHUCTEMBI, a TaKKe JIOTHKY HX
M3MEHEHUs IPY BO3HUKHOBEHUHW BHEIIHUX Bo3nehcTBui. Co3naHue
JUarpamMmmbl COCTOSIHHI IS BapuaHTa HCIIOJIb30BaHuUs
MIPOU3BOJUTCS HAa OCHOBE OMpECNEHHBIX Ha TPEJBbIAYIIUX IIarax
CIICHAPHCB.

Ha crnenyromem mare mpou3BOAWTCS BepH(UKALUS W BaJIHIAIHS
MOJIENI BapHaHTa MCIIOJIF30BaHUSI M CBSI3aHHBIX C HUM TpeOOBaHMUH.
Bepudukanus ¥ Bamumamys OCYIIECTBIBIIOTCS  ITOCPEACTBOM
WCTIOTHEHUS MOJISNIU C MCIIOF30BaHUEM OTIPE/ICIICHHBIX CIICHAPHEB
"yepHOro AMMKa" KaK OCHOBBI JJIsl TeHEpaLui

Dwarpamma ncnonk3osanmn

1

1.
CTpyKTypHan guarpamma BapuaHT Ucnonb3oBaHus Avnarpamma nocneaoBaTenbHOCTU
11 15.25

T 1
1.0 1

Bnok Ouarpamma geatensHocTH

1
0.1

Aunarpamma cocToAHUMN

Puc.6 Apredaxrnsl SysML, coznaBaemble B mpouecce
(l)yHKIII/IOHﬂ.]ILHOFO aHaJIm3a
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BXOJIHBIX BO3JeicTBUH ans ucnosHsemold wmoxenu. Crenys
OIIpE/ICNICHHBIM BBIIIE KIIOYEBBIM IIEJISIM IIpomecca pa3paboTKH
CHCTEM, HEOOXOIUMO OTMETHUTh, YTO OCHOBHOH (DOKYC IIPH 3TOM
HalpasJieH OOJbLIC Ha aHAIHM3 MOTYy4aeMbIX MOCIIEI0BATEIFHOCTEH
BBI30BOB, YeM Ha pealn3yeMyro Ha HX OCHOBE (DYHKIOHAIBEHOCTb.
ITocne ToOro Kak CcO3JaHBl MOIENH [UII BCEX BAapHAHTOB
UCIIONIb30BaHMs ONpPEJESICHHbIE B HUX OIEPAI[MOHHBIE KOHTPAKTHI
JUISL CUCTEMBI OOBETUHSIOTCS B OJJHOM CHCTEMHOM OJIOKe.

B konue ¢aspl (yHKIMOHAJIBHOIO aHaiHW3a, CUCTEMHBIH OJIOK
COJICPIKUT BEepU(PHUIIMPOBAHHBIE U BAIUANPOBAHHBIE ONEPAI[IOHHBIC
KOHTPAaKThl, COOTBETCTBYIOLINE (YHKIIMOHAIBHBIM TPEOOBaHUSIM K
cHucTeMe.

®a3a NpoeKTHPOBAHHUS APXUTEKTYPbI
5.1. Dran nNpoeKTUPOBAHMSA APXUTEKTYPbI CUCTEMbI

Ienpro 3Tama NPOEKTHPOBAHMS APXUTEKTYPHl CHCTEMBI SIBISCTCS
NpUBsI3Ka BepU(DUIIMPOBAHHBIX U BATUIUPOBAHHBIX ONEPAMOHHBIX
KOHTPaKTOB K JJieMeHTaM (U3UUECKOH apXUTEKTypbl CHUCTEMBI.
IIpuBs3ka sABISETCS UTEPATUBHBIM IPOLECCOM K KOTOPOMY
MIPUBJIEKAIOTCS SKCHEPTH U3 PA3JIUYHBIX MHXKCHEPHBIX THCLUIUINH.
OHM MOTYT MpOaHATU3UPOBATh PAIMYHBIE APXUTEKTYPHBIC
KOHLENIMK, C Y4YeTOM TpeOOBaHMH K IPOHM3BOIUTEIHHOCTH,
0€301acCHOCTH M CTOMMOCTH, ONpE/ENICHHBIE Ha JTale aHain3a
TpeOOBaHUIA.

[MpoekTpoBaHMe  apXUTEKTYpbl  CHCTEMBl  HAaYMHAETCS  C
ompeneneHust GpU3NIecKux mnoacucreM. s 3TOro HMCMOIb3yeTcs
Takoit apredpakt SySML kak cTpykTypHasi tuarpaMma. JIeMeHTaMu
MOJIeNHN SIBIAIOTCS OJOKM AEHCTBYIOIIMX JIMI U CUCTEMHBIH OJIOK.
YacTaMu CUCTEMHOTO OJIOKa SIBISIOTCS (DU3UUECKHE TIO0JCUCTEMBI,
OTIpe/ieIeHHBIE Ha OCHOBE BEIOPAHHOM apXUTEKTYPHI.

Cremyronie HECKOJBKO IIaroB BBIONHSAIOTCS WUTEPATHBHO IS
KaXX/I0OTO BapHaHTa MCIIOJIB30BAHMUS.

OmnpeneneHHbIe paHee ONEPAI[IOHHBIE KOHTPAKTHI [UII CHCTEMBI B
KOHKPETHOM  BapHaHTE  HCHOIb30BAHUS  IPUBS3BIBAIOTCS K
(¢U3MYEeCKUM  MOJCHCTEMaM C  HCIOJb30BAaHMEM  JHArpaMMbl
JedrenbHOCTH  "Oenmoro  simpka'. OTa  AMarpamMma  SIBISeTCS
MPaKTUYECKHU KOMHUEH JuarpaMmbl JesITEIbHOCTH ""UepHOro siuuKa'.
EnvHCTBEHHOE pa3nuyue COCTOUT B TOM, YTO JaHHAs AMarpamma
pa3dura Ha pasfenbl, KaKAbIH M3 KOTOPBIX COOTBETCTBYET
¢u3ngeckoit moacucreme. Ha ocHOBe omnpe/ieieHHOH apXUTEKTYPHI,
OTIEpaIIMOHHBIE KOHTPAKTHI CHCTEMBI Pa3MEIIAIOTCS Ha JUarpaMMe B
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paszenax COOTBETCTBYIOIIMX IMOACUCTEM. BaKHBIM MOCTYCIOBHEM
JUIST TaHHOW TPUBS3KW SBISAETCS TO, YTO W3HAYAIBHBIC CBS3H
(mocmemoBaTeNMBPHOCTh  JACHCTBHNA)  MEXIY  ONEpalMOHHBIMH
KOHTPAKTaMH COXPAHIIOTCS.

[Momumo gmarpamMmbl — JesTelnbHOCTH  "Oeloro  smmka" I
paccMaTpuBaeMoro BapHaHTa HCIIOJIb30BaHUS CO3ar0TCs
IUarpaMMbl  TOCIeAoBaTeNbHOCTH — "Oenoro  smmka".  OHH
MPEACTAaBISICT COOOH  JICKOMITO3UIIMIO paHEee  OMNpPEeICHHBIX
JUarpamMmm MocieI0BaTeIbHOCTH "UepHOro sIUKa" M UCIOJIb3yeTCs
U1 ompenencHus wuHTepdeiicoB (usmyeckux moacucreM. Ha
JrarpaMMmax TOCJIeOBAaTeILHOCTH "Oenoro simuka" JTUHHUS KU3HU
CHUCTEMBl  pACIIEIUIAETCs HAa  MHOXECTBO  JIMHMM  KU3HHU
COOTBETCTBYIOIIIUX ITOJCUCTEM. B COOTBETCTBHH C  TIPHUBSI3KOH
CHCTIAHHOW Ha [OuarpaMMe JesATeTbHOCTH “‘Oeroro  smuka’”,
OTIEpAallMOHHBIE  KOHTPAKTHl MOJCHCTEM IEpEeMEIIaloTcs Ha
COOTBETCTBYIOIIIUE JHHUU JKU3HHU. (7 coXpaHEHHWsS HW3HAYaIbHO
OTIPE/ICIICHHON TOCTICIOBATEIPHOCTH ACHCTBUI MOXKET BOSHHKHYTH
HEOOXOIUMOCTh OMPEICITUTh OMOTHUTEIBHBIC 3alPOCHl CEPBUCOB
Mexny — Gusmyeckumu — moacucteMamu.  OHH  JOTIOJHSIOT
uHTEephEHCh MKy MOICHCTEMAaMH.

Ha ocHOBe moOJy4eHHBIX CIieHapueB "Oejoro smukKa" MexIy
(busnIecKuMu MOJICHCTEMAMU OTIPEJIeNAIOTCA CBs3U U
COOTBETCTBYIOIIUE TOPTHI U UHTEPEHCHI.

Illaru ompeneneHHBIC BHINIE ITOBTOPSIOTCS UL BCEX BAapHAHTOB
HCIIOJIB30BaHMs.

IMocne 00pabOTKM BCeX BApHUAHTOB HCIIONB30BAHUS IS KaXIOH
(¢u3NIecKoil  MOICHUCTEMBI ompeneNnseTcss  TOBEACHHE C
WCTIOB30BaHUEM JTHArPAMMBI COCTOSHHU. J{HMarpaMMbl COCTOSHUMA
CO3/IAlOTCS C HCIOJBh30BAHWEM MOJTYYCHHBIX CIICHApHEB ‘‘0eroro
SAKa”

KoppekTHOCTh W TOMHOTa MOJENIM  apXUTEKTYphl  CHUCTEMBI
mpoBepsieTcsi TyTeM ee ucnoiaHeHws. Ilocie Toro, Kak
(YHKIMOHAIBHOCTh MOJENH BEPUPHUIMPOBAHA, MOXET OBITH
MPOBEJIEH aHAIM3 aApPXUTEKTYpPhl Ha COOTBETCTBHE TPEOOBAHHSIM K
MPOU3BOIUTENILHOCT U O€30MacHOCTH C  TIPUBJICUYCHUEM
COOTBETCTBYIOIIMX MHKEHEPHBIX METO/IOB.

5.2. OTan npoeKTHPOBAHUSA APXUTEKTYPHI MOJCHCTEM

Ha nmanHOM »Tame OCHOBHOW (OKYC JIelaeTcs Ha OIpeleIICHHH
croco0a peanu3aluy MPUBSA3aHHBIX K TOJICUCTEMaM OTIEPAITMOHHBIX
KOHTPAKTOB.
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[MocnemoBaTenbHOCTh IIArOB, KOTOpBIE TpedyeTcs M 3TOro
cAenaTb, aHAJIOTHYHA JTAally MPOCKTHPOBAHUS  APXUTEKTYPHI
cucteMbl. [Ipy 3TOM TPOEKTHPOBaHHE APXUTEKTYPHI IOICHCTEM
MPOU3BOMUTCS OTHCNBHO JUIA KaXIoW mojcucTeMbl. Hrmke
OTpeNieieHa TIOCIEAOBATEIFHOCTh IIaroB, KOTOpas BBIIOIHACTCS
HUTEPATHBHO U KaXXIOTO BapHAHTA UCIOJIH30BAHUS ITOICUCTEMEL.
Ha nepBoM miare mnpuHUMAaeTcss pelieHue O TOM, Kakue
OTICPAIMOHHBIC KOHTPAKThI (PU3UUECKOW TMOJCUCTEMBI CIICAYET
peanu3oBaTh B ammaparype (MeXaHW4YeCKH WJIM C HMCIIOJIb30BaHHEM
9JIEKTPOHUKH), 3 KAKUEC C MOMOIIBID MPOrPaMMHOTO OOCCIICUCHUS.
J1s 5TOro MCHONB3YIOTCS PACUIMPEHHBIE TUarpaMMbl aKTUBHOCTH
“oemoro simuka”. s OmepalMOHHBIX KOHTPAaKTOB, KOTOPBIE
3aTparMBalOT 0Oojee dYeM OHy WHXCHEPHYI JHCIUILTHHY,
moTpeOyeTcsl JOMOMHUTENbHBIN aHain3. B TaHHOM aHamm3e MOTYT
Y9acTBOBATh JKCIIEPTHl W3 Pa3INYHBIX WH)KEHEPHBIX TUCIHIUINH,
paboTaromirie Hal TOJICHCTEMOM.

Hnsa  xaxporo croeHapus "Oemoro smuka' paccMaTpHUBacMOTO
BapHaHTa MCIIOIB30BAHMUS , IMHUH KU3HU (DU3UICCKOH ITOICUCTEMBI
PACIHICTUISIOTCS Ha JIMHUM JKU3HU allllapaTHBIX W/UIIK MPOrPaAMMHBIX
KOMITIOHEHTOB. B coOTBeTcTBMM C BBIOPaHHON apXUTEKTYpO,
ONepallMOHHbIE KOHTPAKThl TOMENIAIOTCS Ha COOTBETCTBYIOIIWE
JUHUM  KU3HU  KOMIIOHEHTOB, a  OINpeJesieHHas  paHee
MOCJIEZIOBATEILbHOCTh ~ B3aUMOJICUCTBUS  MEXKAY TIMOACHCTEMaMu
YCTaHABJIMBACTCS Yepe3 COOTBETCTBYIOIIME 3allpPOCHl CEPBHCOB
MEX]Ty YaCTSIMH THX IOJACUCTEM - KOMITOHEHTAMH.

Ha ocHOBe moNMy4eHHBIX pacIIUPEHHBIX CLIEHAPUEB “‘OeNoro smuKa’
OTIPENICISIOTCS OPTHI K MHTEP(PEHCH KOMIIOHEHTOB ITOJICUCTEM.
Illaru ompeneneHHBIC BHINIE ITOBTOPSIOTCS UL BCEX BAapHAHTOB
HCTIOJB30BaHUs (PH3HYECKON TTOACUCTEMEL.

ITocne 3TOro i KaKA0ro KOMIOHEHTa (PH3MUYECKOW MOJACUCTEMBI
ONpeieNAeTCsT  TMOBEJCHHWE C  HCIOJb30BAHMEM  JHarpamMmbl
COCTOSTHUH.

ITonydyenHass  MoJenb  pa3MEIIEHUs]  MPOBEPSAETCS  MyTeM
PETPECCUOHHOTO TECTUPOBAHMUS.

ITo oxoHYaHWIO 3Tama MPOEKTUPOBAHUS APXUTEKTYPHI MOICHCTEM
MOJICNb  Pa3MCHICHUS COJCPXKHUT OICPAlMOHHBICE KOHTPAKTEHI,
MPUBSI3aHHBIC K allapaTHBIM W NPOTPAMMHBIM KOMIIOHCHTaM, H
CBSI3aHHBIC C U3HAYAIHHBIMH TPEOOBAHUSIMH.

Tak xak muarpamMmmer SYSML sIBISFOTCS MOIMHOXKECTBOM AHATPaMM
UML, 3T0 maeT BO3MOXXHOCTH IUIABHOTO Iepexoja K pa3paboTke
mporpaMMmHOr0o obecriedeHuss ¢ ucmoms3oBanme UML.  Jlns
repexo/ia Ha MOCNEIYIONIYI0 CTanui0 pa3paboTKu MPOTrpaMMHOTO U
ammapaTHOro oOecnedeHus, A KaKI0H (PH3UIECKON MOICHCTEMBI
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Ha OCHOBE MOJEJIN pa3sMELICHHs TEeHEPUPYIOTCS —Clieayloune
JTOKYMEHTHI:

*  Cneuudukanmus  TpeOOBaHMH  AJsl  anmapatHoro W
MIPOTPaMMHOTO 0OecTieueHHS

*  Omnucanue JOruuecKux HHTEpPPEHCOB MEXTY KOMIIOHEHTaAMHU

*  TectoBble creHapuu sl IOJCHCTEM M HMX KOMIIOHEHTOB
MOJyYeHHbIE Ha OCHOBE CLIEHAPHEB BapHAHTOB HCIIOJIb30BAHMS
YPOBHS CHCTEMB.

3akJ/ouenue

B sTOli craThe MpOAEMOHCTPUPOBAHO, YTO HCIOJIb30BAHUE S3bIKA
SysML no3Bosmsier yHUUITPOBATH MPOIIecC Pa3pabOTKH CHCTEM Ha
OCHOBE  BHM3YaJLHOTO  MOJCIHMPOBaHUS  C  NPHUMEHEHUEM
(YHKIIMOHAIEHON JIEKOMITO3HUIIHH. SysML MOJKET
paccmaTpuBaThCs B KauecTBe “‘mmanekrta’ s3pika UML, moHsTHOTO
Kak Uil CHCTEMHBIX MH)KEHEpOB, Tak M s paszpaborurkos [1O.
OcHoBbIBasich Ha Tekymiel cnenupukaiun SySML (Bepcus 1.0),
MOXET OBITh OMNpEZETICH HMHTETPUPOBAHHBIA IpolecC pa3pabOTKH
CHCTEeM W TPOTPaMMHOr0  oOecriedeHHs,  IO3BOJISIOIINH
OCYIIECTBIIATH IUIABHBIH MEPEX0]] MEXIY HUMH.
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Abstract

The goal of the article is a LUXOFT experience presentation in
development and implementation of LUXproject integrated
development environment for software engineering process
automation. Major issues of process automation tools are lack of
integration, geographic team distribution, using different types of
software engineering processes (therefore different sets of tools).

LUXproject is a “process environment” based on Atlassian
products: JIRA and Confluence. Other tools required for process
support could be integrated (or are already integrated) as well.
Currently the solution implements RUP model (with CMMI
support) and Agile model .

From the user’s perspective LUXproject incorporates integrated
products in a single Web interface and allows using the functionality
of each integrated component in any projects. Ul integration leads to
a number of issues in keeping the uniform Ul style as well as
usability issues. Known solutions are described in the article.

Functional integration allows administering all components from
a single place, activities monitoring, discovering artifacts links for
future traceability and managing activities. System architecture
based on “message bus” pattern and unified domain language. This
will allow developing new functionality in future releases
effectively.

Major implementation scenarios are presented: implementation
of the process that is already used within an existing project as well
as implementation of the predefined process templates to the new
projects

Keywords: Automatization of softwore development process
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OnbIT cO31aHUA U BHEJAPEHUS] HHTETPUPOBAHHOM
CHCTeMbl aBTOMAaTU3LHH NIPOLECCOB Pa3padoTKH
NMPOrpaMMHOI0 o0ecriedeHusl.

I'payeB AHTOH I'aBpunos EBrenuii
JIwxkcodt IIpodemni JIroxcodt Ipodemnn
MockBa, Poccust Mocksa, Poccust
email:Agrachev@Iuxoft.com email: Egavrilov@Iluxoft.com

Te3ucol

Ilenpro cTaTby sBISETCS MPEICTaBICHHUE OMBITA KOMITAHUH
LUXOFT B co3maHuu ¥ BHEAPEHUHM HHTETPUPOBAHHOM CHCTEMBI
JUIL  aBTOMAaTH3allMM MPOLIECCOB  Pa3pabdOTKH  MPOrpaMMHOTO
obecrnieueHHs LUXproject. OnuceBarOTCA IpOoOIeMBI
ABTOMATH3aLMK MPOIIECCOB Pa3pabOTKU: OTCTYTCTBHE WHTETPALUH,
reorpaduueckasl pacrpeeJeHHOCTh KOMaHIbl M HOTPEOHOCTb
UCTIONB30BaTh pPa3HbBIE IIPOLECCH Pa3pabOTKH  (cIeq0BaTEIbHO,
pa3Hble HHCTPYMEHTHI aBTOMAaTH3ALIUN).

LUXproject sBAseTCs «IPOIECCHONW OO0OJOYKOH», KOTOpas
6azupyercs Ha mpoxaykrax Atlassian JIRA u Atlassian Confluence,
UHTETPUPYSl TaKOKe M Jpyrue NPHIOKEHHs, HEOOXOAWMbIE JUIs
NOJJIep)KKH ~ mpouiecca. B Hactosmmii  Moment, LUXproject
peamu3yetr mozpenu mporeccoB RUP (¢ mommepxkkoit CMMI) u
Agile.

C rtouku 3peHus mnojb3oBarens, LUXproject oObenunser
WHTETPUPOBaHHBIE IPOXYKTHI B  eauHOM  web-uHTepdeiice,
MPEOCTaBIISIl BO3MOXHOCTh I0JIb30BaThCsl (PYHKIIMOHAILHOCTBIO
KaXXJIOTO TPOAYKTa BO BCEX MPOEKTaX. DTO MOPOXKAAET MPOOIEMbI
MOACPKKH EIMHOTO CTHIIA TIPWIOXKEHHS W TpoOieMsl usability,
peIeHus U1 KOTOPBIX MPeIJIOKEHBI B JOKTIAIE.

OyHKIIMOHAIBHAS HMHTETPAlUs I03BOJIIET aJMHHHUCTPHUPOBATH
BCC KOMIIOHEHTHI M3 OIHOW TOYKM a TaKKe IPOU3BOJUTH
MOHHUTOPHHI aKTHBHOCTEH, OTCIEXHMBAaTh CBA3M apTe(dakToB
mporiecca M YHPaBIATH AKTHBHOCTSAMHU. APXHUTEKTYpa CHCTEMBI
MIOCTPOEHa HAa OCHOBE HIMHBI COOOIIEHMH M EIUHOTO S3bIKa
JOMEHHON  MoOJend, 9YTO TIO3BOJIIET  OBICTPO  PACIIUPATH
(YHKIIMOHAJIBHOCTH MPOAYKTA B AATbHEHIIIEM.

PaccmarpuBaroTcs clieHapuu BHEJPEHUS! CUCTEMBI, KaK C y4eTOM
CYIIECTBYIONMMX PabOTAIONIMX MPOIECCOB B KOMIAHWH (OTAENE),
TaKk ¥ JUI1 HOBBIX NPOEKTOB C TOTOBBIMH IIPEIyCTAHOBICHHBIMH B
cucreMe 1mabdIoHaMH MTPOLIECCOB.

Keywords: aBromMaTn3must IpoIeccoB pa3paboTKu.
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1. Beeaenue

Llenpto nmaHHOW CTaThbM SIBISETCS IPEACTAaBICHUE OIBITA
komnannu LUXOFT B co3pmaHuy ¥ BHEOPEHMH HWHTErPHUPOBAHHON
CHUCTEeMbl  JUIi ~ aBTOMAarTu3alMd  MPOLECCOB  pa3paboTKu
MIPOrPaMMHOT0 00eCIeYEeHUSL.

He cekper, 4To i MHOTMX KOMIIAHWH, 3aHUMArOLIMXCS
pa3paboTKOil W BHEAPEHHWEM MPOTPAMMHOTO OOECHeueHHs, CTaja
CTaHJAPTHOH TPAKTUKOW aBTOMATH3alHs IPOIECCOB Pa3padOTKH.
Jnst GonplIMHCTBA KOMIIAHWH TakHe IPOIECCHBIE OO0IAcTH Kak,
«yTpaBICHHUE  MPOEKTaAMW»,  «yNpaBICHHE  TPEcOOBaHUIMID)
«TECTUPOBAaHMUE»,  «KOHQUTYpalMOHHOE  YHpaBICHHUE»,  YKe
HEMBICITMMBI 0€3 aBTOMAaTH3AIIH.

OnHako, HECMOTPSI Ha JIOBOJIBHO CEPHE3HYI0 aBTOMAaTHU3ALHUIO,
CYIIECTBYIOT psiZi MpOOJIeM, KOTOPbIE HE IO3BOJISIOT FOBOPUTH O
CO3JaHUM EIMHOW aBTOMATHU3MPOBAaHHON cpensl pa3paboTKU H
BHEIPEHHUS.

Jdns  npumepa  pacCMOTPUM — HECKOJBKO  CUTYyalui,
WLTIOCTPUPYIOUIMX OCTPBIE IPOOJIEMbl aBTOMaTH3ALIUH.

IlepBast W3 paccMOTpPEHHBIX HaMW MHpPOOJIEM, 3aKIOYAEcTCs B
CIIOKHOCTH OBICTPOTO TOJYyYEHHS HHGOPMAIMA O pa3IHIHBIX
JaHHBIX B TIPOEKTE M €€ COIOCTABICHUS B €IMHOM BH3yaJTbHOM
«uHTepdeiice». [Ipommmoctpupyem 3Ty pobiieMy Ha MpUMepe - B
HEKOTOPOH KOMITAHMH MPUMEHSIETCS] IPOrpaMMa JIsl TECTUPOBAHUSL.
PaspaboTunk, TOJIy4YMB JaHHBIE O gAedekrax B KO
pa3pabaTbIBaeMOro  MPOJYKTa, CTaJKWUBaeTcs C  MpobiemMoid
OTOXK/IECTBJICHUSI JieeKTa C OIIMCAHUEM COOTBETCTBYIOLIETO
TpeOOBaHNUs, TaK KaK B CHCTEMaX TECTUPOBAHMS B JyUIEM Cllydyae
3aHOCSTCSl 3ar0JIOBKM TpeOOBaHMM, a 32 MOJAPOOHBIM ONUCAHHEM
NPUXOJUTCSL «3ane3aTb» B JeOpu yxke mnporpamMMbl 1o cOopy
TpeOOBaHUIA.

Bropas  mpoGmema  3akmodaeTcs B aBTOMAaTH3aLNH
pacrpeneneHHoi pa3padoTku. KomaHabl npoekTa, HaXOIsIIuecs B
pasMuHBIX reorpaduyeckux TOUKaXx, MOTYT  HUCIIBITHIBAThH
npoOJIeMbl, KaK ¢ JIOCTYIOM K €IMHOW NPOeKTHOHW 0aze, Tak u
CJIO’KHOCTH C UCIIOJIb30BaHHEM CHCTEM Y 3aKa3uhKa MO MOJIUTHKAM
6e30macHOCTH.

TpeThst pobieMa MOXKET 3aKIIIOUAThCS B HATMYUH PA3TUIHBIX
MOAX0MOB K pa3paboTke. B omHoM mpoekTe wucmoib3yor Agile
TIPaKTUKH, B Apyrom npoiecchl RUP, cooTBETCTBEHHO MHOKHUTCS H
NporpaMMHOe  O0ecreyeHue Uil aBTOMAaTH3allMd  MPOLECCOB
pa3paboTku, 4YTO BiEYeT yBeaudeHue 3atpar KomnaHuMm Ha
ABTOMAaTH3ALHIO.
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Pemennem BBIICONMCAHHBIX MPOOJIEM, MOXET CTaTb €JUHAs
WHTErPUPOBaHHAsl CUCTEMa pa3pa0dOTKH M YNPaBICHUs MPOECKTOM
ocHoBaHHas Ha WEB periennn s pacnpeneneHHOro 1ocTyna.

2. Onpir xommanuu LUXOFT B co3maHuM W BHeJIpeHHH
HHTETPUPOBAHHOI CHCTEMBI
Kommanns LUXOFT, B ToM uncie W I MPEOTOJICHHS
BBILIICONUCAHHBIX TMPOOJEM, CO3/aNa CBOK HWHTETPUPOBAHHYIO
CHCTEMY aBTOMAaTH3aIlMH Tipoiiecca paspabotku - LUXproject ®.
I[Ipu pa3paboTke HaHHOW CHCTEMBI OBUTH IOCTABIICHBI
CIIEAYIOLIHE TIeTIH:

e KoMmrulekcHass TOAAEPKKa IKHU3HCHHOTO IIHKJIA
pa3paboTKu MpPOrpaMMHOro obecrnedeHus (OT 3aKJII0YEHHS
KOHTpPAKTa JI0 TOIEPIKKH);

o Tloanmeprka pacrpeIeieHHON pa3paboTKu
e Tloamepxka pa3IMIHBIX CHCTEM pa3pabOTKU

IMo cyru LUXproject sBusercs «mporeccHON 060I0UKOi»,
kotopasi 6asupyercs Ha Atlassian JIRA u Atlassian Confluence.
Brnaromaps maHHOW «IIpoIlecCHOW  00OJOYKE) CyIIECTBYET
BO3MOXKHOCTh HMHTETpAIlH  C pa3IMIHBIMH  TIPOTPAMMHBIMHU
MPOJIyKTaMH, KaK JIMHEWKN MpoaykToB kommanuu Atlassian, tak u
MIPOAYKTaMH APYTUX KOMITaHUH.

B nacrosiuii moment LUXproject moanepxusaer e MoJaeIH
MIPOIIECCOB pa3paboTKu: ojHa OocHOBaHa Ha mporeccax RUP (u
noanepxusaet mogesb CMMI), Bropast - Ha Agile mpaktukax.

Jns monenu, ocHoBaHHOW Ha mporeccax RUP, B Hactosmmii
MOMEHT peasli30BaH CICAYIONIMN MPOIECCHBIN ()YHKIIHOHA:

e  VmpaBlieHUE 3aja4aMy;

VYpaBiieHUE pUCKaMy;

®dopmHUpOBaHKE OTYETHOCTH;

VYnpasnenue TpeOOBaHUSIMH;

VYnpasneHne n3MeHEHHUIMUY;

VYnpasnenue cO0pKoii;

VYnpaBneHue TeCTUpOBaHUEM (BKIIOYAaeT yrpasieHue test
cases u gedexramn);

e  VmpaBiueHHE KadyecTBOM (TIPOLECCHBIE ayIUTHl W aHAJIHN3

CTaTUCTUYECKHX JIAHHbBIX);

e  VmpasneHne KOHQHUTypaLuei;

222



e  VmpasieHHE KOMMYHHKAIUSIMH (BO3MOXKHOCTB BECTH 0azy
3HaHUil);
Jns mozenu, ocHOBaHHOI Ha mpaktikax Agile peanuzoBan
CIEAYIOMMH (YHKIIMOHAI:
e VmpasieHue 3ajadamMu (B 4YacTH - BeJCHUE OIKiIOra
NPOJYyKTa, YIpaBlIeHHE pelu3aMu, BeIeHHe OdKiora
WTepaIyy, IePCOHATBHBIN IIaH padoT);

e  VYrpaBieHUE PUCKAMH;
e  VmpasneHue aeeKkTamu;

e Vmpasienue kommyHukarmsmu (Scrum and retrospective
meetings);

e  VmpasieHue KOHUTypaLuei;

OCHOBHBIMH IIOJIB30BATCIIIMU CHCTCMBbI SBJISIKOTCA, KakK
UCTIOTHUTENM MPOEKTA, TaK U 3aKa3UUK.

Cucrema moaAepKUBAeT POJEBONW JOCTYI, TO €CTh KaKAbIH
Y4aCTHUK HpOGKTHOﬁ KOMaH/bl B 3aBUCUMOCTH OT HpOCKTHOﬁ pon
HMEET TOT WM UHOM AOCTYI K (PyHKIMOHATY CHCTEMBI.

3. Unterpanusi uHTepgeiicoB Moa1b30BaTest

C Toukm 3penus mnosb3oBarens, LUXproject oObeaunsier
WHTETPUPOBAaHHBIE MPOAYKTHI B eAWMHOM  web-uHTepdeiice,
MIPEJOCTABIISAI BO3MOXHOCTH IIOJIB30BAThCSA (DYHKIIHOHATHHOCTHIO
Ka)JIOT0 ITPOJIyKTa BO BCEX MPOEKTaX.

Ilpu wuHTErpanyuu HECKOJbKUX WeEb-TIPUIIOKEHUH B €JUHYIO
CHCTEMY BCTaeT BOIPOC O TOM, KaKk OpPraHM30BaTh OOBEIUHEHHE
MOJIb30BATENLCKUX HHTEPENHCcOB, YTOOBI, C OJHON CTOPOHBI,
MOJYYUTh BCHO (QYHKIMOHAIBHOCTh NPWIOKEHUH, € JIpyro —
CO3JIAJIOCh  OIYIIEHHE €IWHCTBA CTHISI W IIEJIOCTHOCTH BCeH
CUCTEMBI.

[lepBas 3agaua WHTETpANUU 3aKIFOYACTCS B BBEACHHUH OOIIMX
HaBUTAMOHHBIX 31eMeHToB (header, footer) m eauHOrO CTHIIEBOTO
0o(pOpMIICHHS Ha BCEX CTPAHHUIIAX CUCTEMBL.

Jus  pemieHWs  MOCTAaBICHHOW — 3a/ladydl  HCCIIEOBAJIHCh
CIIEIYOIIME TIO/IXO/IbL:

1. Hcnonp3oBaHHE CYHICCTBYIOIIMX MOPTAJIbHBIX PEIICHUHA
MMO3BOJISICT OTHOCHUTEIBFHO OBICTPO CHIHTEIPUPOBATH HHTEP(EHUCHI
npwioxeHnit. Ho uccnenoBaHus MOKa3alH, Y4TO OHU JOCTATOYHO
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TAXKCIIBI U Tpe6y10T ajgarnTranun HpI/IJ'IO)KeHI/Iﬁ K HCIIOJIb30BAHHUIO B
BUAC MMOPTICTOB.

2. Hcnonb3oBaHue KoMOMHauuu mnarrepHoB “Proxy” wu
“Decorator” MO3BOJSIET MNEPEXBATUTb KOHTEHT MPUIOXKEHUS,
00paboTtaTh ero (J100aBUB M U3MCHHB HEOOXOJUMEBIC DIICMCHTHI) H
BBIJJaTh KOHEYHOMY MOJIb30BaTet0. MUHYC MOJX0aa — MepexBar u
¢GuIbTpalMs KOHTEHTa JIOCTAaTOYHO Jopora mO pecypcam u
CYIIECTBEHHO BIIMSET Ha OBICTPOJCHCTBHE CHCTEMBI; HaKJIa{bIBaHHE
acreKTa-iekoparopa Ha BCE CTPaHMIBI MOXKET BBI3BaTh OOJbIIOE
KOJIMYECTBO Pa3HOOOpa3HBIX OIIHMOOK, T.e. TpeOdyeT OO0JbIIOro
oObema TectpoBaHHs. [LIIOCHI — €CTh MIMPOKHE BO3MOXKHOCTH MO
KOHTPOJIO KOHTEHTa MHTETPUPYEMOTO IPHJIOKEHHS, KOTOpbIC
MOXHO HUCIIOJIB30BAaTh JJIs1 q)yHKHHOHaHLHOﬁ HUHTETpaluu.
W3menenne opopMIIeHHsS NPUIOKEHUH J0CTUraeTcsi 100aBiIeHHeM
CSS-cTWJIe B IIamKy B jAekoparop. B kauecTBe peanuszauuu Proxy
ucnone3yercst ProxyHttpServlet, mekopupoBaHHe o00ecmeUnBacT
¢peiimBopk  Sitemesh  (http://www.opensymphony.com/sitemesh).
Hannbrii moaxon ucnons3yercs B LUXproject.

3. IlocraieHHy!o 3a/1a4y MOXHO PELINTh, BHEJAPHUB B KaXKJ0€
npuioxkenue oougue anementsl (header, footer). [Ipuyem koHedHbIE
MIOJIK30BaTeM OyIyT XOAUTh HA Te )K€ MPHUJIOKEHHUS, YTO U PaHbIIE,
HO ccbulkM B header-e OyJayT BecTH Ha pa3Hble NPHIOXKEHHS B
HHTETPUPYEeMOH cHcTeMe. OTOT TMOAXOJ HMEET CYIIECTBEHHOE
MIPEUMYIIECTBO B CKOPOCTH JOCTyHa ((akTHIecKH, WHTErparus
MIOYTH HE BIMAET HAa BpeMsa OTKIMKa). OCHOBHOH HEIOCTaTOK —
HEOOXOJMMOCTh M3MEHATh HUCXOJAHBIH KOJ HHTErpUPYEeMOro
MIPUJIIOKEHUSA, YTO HE BCErja IpeACTaBiIseTCS BO3MOXHBIM. Ilo
CpPaBHEHHIO C BApHAHTOM 2, TepsSeTcs] BOZMOXKHOCTh KOHTPOJIS Ha
HHTErPUPYEMBIMU  MIPUJIOKEHUSAMH M3 OZHOTO (LEHTPAIBHOIO)
MIPUIIOKEHUS. DTOT MOAX0 ObLT NCMOB30BaH B MpoaykTe Atlassian
JIRA Studio (http://jira.com).

ITocne ycmemHoW peanu3anuy ONMUCAHHBIX 3a/1a4, HAYWHAIOT
BO3HHUKATh TPOOJIEMBI JPYyroro YpPOBHS CIOXHOCTH. Kaxmoe
MIPUIIOKECHNE uMeeT COOCTBEHHYIO MOJIeNTb paboThI
MOJIb30BAaTENbCKOTO  HMHTep(elica:  Ha3BaHUS W THUIOBOE
pacriojiokeHHe KHOTIOK M JPYTUX 3JIEMEHTOB YIPAaBJICHUs, TOpsSUne
KIAaBUIIM,  pacHoJoXeHue H cocraB MeH. Ilomumo 3Toro,
BO3MOXXHBI OIACHBIE TEPMHUHOJIOTHYECKUE KOH(IIMKTHI, KOT/A 10X
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OIHUMH W TEMH € Ha3BaHUSIMU B HHTETPHPYEMBIX CHUCTEMBIX
CKpPBIBAIOTCS COBEPILIEHHO pa3Hble MOHATHA. [IprdyeM Bce moaxo/sl
aOCOJIOTHO ~ oOmpaBJaHbl B KOHKPETHBIX  HPHJIOXKEHUSIX
(moxymenTHas mozens Confluence, opueHTUpOBaHHAsE Ha KOHTEHT,
u TabnuuHas Monenb JIRA), HO cOMBAIOT ¢ TOJNKY HOJB30BATENEH,
paboTaromx B HHUX BCEX, NPAaKTUUECKH OJHOBpeMeHHO. [laHHas
mpobiieMa BCTAaeT BCE OCTpee IPH Pa3BUTHH (PYHKIHOHAIEHOM
MHTETPALlMH, KOTJa BCE OONbIIE CIEHAPUEB HCIIOIb30BAHMS
BBIIOJHACTCA B HECKOJBKMX  KOMIIOHEHTaX,  3aCTaBIIsIA
TIONB30BATENS TEPEKIIoYaTcs ¢ ONHOW MoJenu HHTepdeiica Ha
ApYTyHo.

IMpennaraercs nBa myTn pemeHus mnpoOmemsl. [IepBeii myTh —
JaTh TOJB30BATENI0 BO3MOXHOCTh YETKO OCO3HAaBaTh, KOIZA OH
HaXOJMTCSl B OJJHOM HPHIIOKECHUH, a KOT/Ia YK€ MEPeKIIoUuMICS B
apyroe, Kak 310 cruenano B Atlassian JIRA Studio mpu momoriu
3aKJIaJoK. DTO HE pelaeT MpoOJeMbl, HO MEHBIIE 3aIlyThIBACT
NoJjb30BaTeNsi M IMO3BOJSIET  ObIcTpee  MOHSATH — MOJENb
B3aUMO/ICHCTBUS NMPHUIOKEHUH. BTOPO# 1MyTh — BEIHOCUTBH OOJIBIIYIO
yacTh (PyHKIMOHaMa B OJHO IPWIOKEHHE, UCIONB3YysS ApPYrHe B
KadecTBe ABIKKa. Hanmpumep, ecau TpeOoBaHMS BeqyTcs Kak wiki-
crpanunpl + JIRA items, BO3MOXKHO peasli30BaTh BCE ONEPAINU C
TpeboBaHUAMHU He BBIXOAA w3 wiki, ucmoms3ys JIRA TonpKO Kak
amwxok Workflow n s popMmupoBanus orderoB. B mocnenHem
clyyae, AaHaIUTHKY HE TPHIETCS  IEPEKIoYaThCsl  MEXIy
MIPUIIOKESHUAMH B OOJBIIMHCTBE CIIy4aeB. DTOT MOIXO TOCTEIICHHO
peamusyercss B LUXproject, rme Wiki-gemkok Confluence
UCIIONIb3yeTCs KaKk OCHOBa [yl HMHTepdelica HMHTErpalud BcexX
KOMITOHEHT (cM. puc 1).
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Puc 1. Mmmoctparus uaTerpanuu JIRA QyHKIHoHama C TOMOIIBIO
Wiki-nBumxka Confluence

4. ODyHKUMOHAIbHAS MHTErPALUS NPUJI0KEHUH

OcHoBHO# 1enbio cuctembl LUXproject siBisieTcst mozepxka
MPOIIECCOB Pa3pabOTKU MpOrpaMMHOTO obecredenus. [ns sToro
HCHOJIB3YIOTCA HWHTETPUPOBAHHBIC TIPUIIOKEHHUA, BBIMOJIHAIOIINEC
OIpEJIeTICHHYIO0 poJib B mpolecce. KaxJoe NpHIIOKEHUE 10 CYTH
NPE/ACTaBIsIeT COOOM TOJHOLEHHBIA IMPOAYKT, KOTOPBHIM MOXKHO
MOJIb30BATHCA HE3aBUCHMMO, HO HMX HHTErpanuds BMECTE OacT
3HAYUTENBHO  OONBImMA  IPQPEeKT TpaKTHYeCKH IS BCeX
aKkTHBHOCTEH porecca. OCHOBHBIE LIENH

(YHKIMOHANBHOW  WHTETpalMM — O3TO  eIWHas  TO4YKa
aJIMUHHUCTPUPOBAHMS BCEX NPWIOKEHUH W OTIEIBHBIX IPOEKTOB,
MOHHUTOPHHI aKTHUBHOCTEH, BO3MOJKHOCTH OTCIIEKHBATh CBS3H
aptedakToB mpolecca 1 yIpaBisTh aKTHBHOCTSIMH.

Kax u3BecTHO, MHTErpanysi HECKOIbKUX MPHIOKEHUH TIONIapHO
paHO WJIM TO3AHO MPUBOJUT K np06neMaM CIIMIIKOM JKXCCTKHX
3aBUCUMOCTEH, nmodToMy  3QQeKTUBHEE  peamusyeTcs  C
HCIIOJIb30BaHUEM aTTEPHOB Enterprise Messaging u
WCTIONB30BaHUs INUHBI cooOmenuii. B mocnmemnem ciywae, mpu
BO3HMKHOBEHHHU COOBITHS B OJTHOM M3 KOMIIOHEHTOB, OH IIOCBUIAET B
LIMHY COOOIIeHNE, HA KOTOPOE TMOAIMCHIBAIOTCS 3aNHTEPECOBAHHbIE
CTOPOHBI (Ipyrue KOMIIOHEHTHI), YTO IO3BOJIET JOCTATOYHO
ObICTPO  paclMpATh (QYHKIMOHAIBHOCTH BCEH CHUCTEMBI, HE
3aTparuBas Apyrue MOJyJIH.
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Kpome »TOro, BBOIWUTCA €AMHBIM $3BIK JTOMEHHOW MOJIEIH,
KOTOPBIM  ONEPUPYIOT BCE CJIOM HWHTETPallMM  OTACNBHBIX
KOMITOHEHT, Npeo0pasyst CBOU OOBEKTHI B OOBEKTHI €TUHOTO SI3bIKA
n Haobopor. Hampumep, mnpoekTHele poiu  3(PPEKTHBHO
oroOpaxaroTcss Ha TrioOanpHble poau B JIRA u Ha rpymnmsl B
Confluence u Ha COOTBETCTBYIOIIME CYIIHOCTH B JPYIHX
KOMITOHEHTaX

S3BIK TOMEHHOW MOJENN TPEeACTaBIAeT COOOH OCHOBHEIC
0000IICHHBIE CYITHOCTH MOZENH TIpolecca pa3pabOTKH: POk,
AKTUBHOCTb, apTE(aKT.

Ha 3Ty Monens HakiampIBaeTCsI MHOXKECTBO THITM3HPOBAHHBIX
CBS3€H U OrpaHUYCHMM, NPEJCTABJICHHBIX B BHJE NpaBui. Takas
MOJIeNIb [IO3BOJISIET OTCIICKUBATh CBSI3M MEXAY apredaxkrami,
MOCTABISIEMBIMH PAa3HBIMH KOMIIOHEHTaMH (Hampumep, TpeOoBaHHe
B wiki, test case, defect B JIRA u M3MeHEHHMS HCXOJHOTO KOja B
peno3utapuu Subversion), OTCIEKHBATH IEIOCTHOCTh ITHX CBsI3ei
IIPY TIOMOIIIY TIpaBuJi (HapuMep, 3alpeniarh BHOCUTh U3MEHEHHUS B
penosutopwuii, 6e3 ykazanus aedekra B JIRA B cooTBeTCTBYIOIEM
craryce).

Hcnons3yemas MO/JIENTh " JOCTaTOYHO GoraTble
(YHKIIMOHANBHBIE BO3MOXKHOCTH KOMIIOHEHTOB MO3BOJISIIOT THOKO
HAacTpamBaTh CHUCTEMY IO/ HYXXIbl KOHKPETHBIX 3aKa34MKOB IIPH
BHEJ[PEHHH.

5. BHeapeHne MHTErPUPOBAHHON CHCTEMbI

BHenpeHue WHTETPUPOBAHHOM CUCTEMBI HMMEET HEKOTOPYIO
crnenuduky. B cBs3u ¢ TeM, 4TO 3a4acTylo, B Pa3IMYHBIX NMPOEKTaX
KOMIIAHWM  MOTYT  TIpPHUMEHSTHCA  pPa3IHMYHBIE  METOMOJIOTHH
pa3pabotku [10. TIpoctas HHCTAIUTALNNS CHCTEMBI, C 3AJI0KEHHOH B
Hee THIOBOHM IpOIIeCCHOW MoJenblo, He 3(QQeKTHBHA, TaK Kak
MIPOM30HIET HECOBIAJCHUE CXeM pabOThl B CHCTEME M B JKHU3HH.
IToaToMy 31ecs Ham BuAATCs ABa noaxoja. Kommnanus nomxHa cama
JUIsl ce0s1 OTBETUTH BHAYaje Ha BOIPOC, HACKOJIBKO CYIIECTBYOLIHE
npoueccel paszpabotku 10 y Hee sddexruBHBI (Hampumep, ¢
MTOMOIIIBIO TIPOEKTHBIX AYANTOB).

Ecmm xommaHus mpumuia K BBIBOLY, YTO €€ IPOIECCHl HE
J0CTaTOYHO  3(PQPEKTUBHB, TO OHA  MOXET  TPOU3BECTH
«PEMHXCHHUPHUHI» TPOIECCOB IyTeM NPHUHATHA IPOIECCHOM
MOJIeNHY, 3aJ0KEHHOH B HHTETPHPOBAaHHYIO CcHCTeMy. B
JanbHEeHIeM, COTPYAHUKH MPOXOAAT 00ydeHHEe MO0 HOBBIM CXEMaM
MIPOIIECCOB PaOOTEHI.
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Ecnn koMIaHus c4uTaet, 4To ee NpoleccHas cpelia J0CTaTOYHO
COBEpIICHHA M HAaKOILJICH CYLIECTBEHHBIN Oara)xk 3HaHUI U OIBIT MO
npoektaM (0COOEHHO 3TO aKTYaJIbHO €CJIHM HCIIOJb3YETCsl CHCTEMBI,
monobueie JIRA), To B Hadane BHEApPEHHS MPOBOIUTCS COOP
TpeOOBaHUI JUII YTOYHEHHsS CXEM IIPOIECCOB, CTaTycoB, (opm
OTYETHOCTH. B  nanpHeifmeM, BHeapsemas HWHTErpalMOHHAs
CHCTeMa HacTpauBaeTcs 10 TpeOOBaHMS 3aKa3yHMKa, U BBOIHUTCS B
9KCILTYaTAIHIO.

OpmHAaKO MOXET TaK OKa3aTbCs, YTO B IEHTpPE pa3padOTOK MU
KOMIIAaHMH, INPUMEHSETCS HECKOJBbKO METOJOJIOTHH pa3paboTKH
nporpaMMHOro obecredeHusi. OXHU NPOEKTH UIYT MO NPAKTUKAM
Agile, npyrue ucnons3ytor RUP mporeccol. Kak ObITh B JaHHOM
cuTyanuu?

B kommanmu LUXOFT, B pamkax cuctemsr LUXproject,
JaHHYI0 Mpo0JjeMy peIlWId IyTeM CO3[aHUs MPOCKTHBIX
1m1a6noHoB. IIpoekTHBIN MIaGI0OH — 3TO COBOKYNHOCTh HACTPOEK
(bYHKIHOHANBHBIX MOMYJIeH CHCTEMBI, (CocTosImuMX u3 issues, wiki—
KOHTEHTa, BEPCHOHHOT'O PEMO3MTOPHs, IIA0JIOHOB JOKYMEHTOB W
0a3pl 3HaHMI) I0J KOHKPETHYIO METONOJOTHIO pa3paboTku. Ha
puc. 2. IpeacTaBiIeH MPUMEp BU3YaJbHOIO HHTEp(elica NPOSKTHOTO
mrabnona aus Agile mpoexTos.

6. 3ak10uenue

HO}:[BOI[H HUTOTH, MOXHO CACJIaTh BBIBOJ, 4YTO OIIMCaHHAasdA
APXUTCKTYpa CHUCTEMBI MW CXEMbl €€ BHCIAPCHUA TIO3BOJIAIOT
peanu3oBaTh JOCTaTOYHO THOKHNH HWHCTPYMEHT Ui YIpaBIEHUS
npoueccamu pazpabotku [10. [Togxom k MHTErpauu KOMIIOHEHTOB
CUCTEMBI, IIO3BOJIIET IIPOEKTHOM KOMAaHJE YIPaBJIATh IIPOCKTHOM
cpenoit

3aTOYEHHOHN IO/ KOHKPETHYIO METOJOJOTHIO pPa3padOTKH, a
TaKkXKe IPOU3BOJNUTH ONTHMH3ALMIO TPOIECCOB YK€ BO BpeMs
BEITIOJTHEHUS ITPOCKTA.
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Automated Software Development Process Audit

Vadim Savkin
CQG
email: vadim@cqg.com

Abstract

Internal software development process audit is a necessary
instrument for ensuring high quality and stability of the process in
software development companies. Goals of such audit are: a) ensure
process compliance; b) assess software development process
efficiency. Such audit is a rather expensive procedure. When it’s
automated it becomes much cheaper and gives possibility to run the
procedure more frequently that leads to higher process quality and
as a result higher software product quality.

Automated process audit is possible only if all valuable aspects
of the process that need to be analyzed and controlled are collected
in an integrated database with consistent way. Collected data must
reflect real software development process with needed accuracy and
details. Data collection procedures must guarantee correctness and
consistency of the collected data. Experience shows that about 90%
of the audit checks and more can be automated if data coverage for
the process is good enough.

Keywords: internal process audit; metrics; dashboard; process data
collection.
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ABTOMAaTH3HPOBAHHBIH KOHTPOJb NPoIecca
pazpadorku I1O

Bagum CaBkun
CQG
email: vadim@cqg.com

Te3ucol

KonTtpons mporiecca paspabotku [1O sBisieTcss HCOOXOIUMBIM
HHCTPYMEHTOM TIOAJICPKAHUS BBICOKOTO KayecTBa M CTAOMIBHOCTH
nporecca pa3padborku [10 B xommanuu. LlensMu Takoro KOHTPOIISL
SIBILIIOTCS: a) oOecredeHne COONIOACHUS 3aJaHHOTO MpoIiecca
pa3pabotku; 0) omeHKa A(PGEKTUBHOCTH Ipolecca pa3paboTKH.
Takoll KOHTPOJIb SIBJISETCS JOBOJIBHO JOPOTOCTOSLIEN MPOLELYPOH.
E€ aBTOMaTH3amms IO3BOJIICT 3HAYUTENHHO CHHU3UTH CTOMMOCTH
TaKUX MPOLENYp, @ 3HAYUT, AaET BO3MOXKHOCTh IPOBOJIUTH UX Yallle,
YTO CIOCOOCTBYET OoJiee BEICOKOMY KauecTBY Ipoliecca pa3paboTKu
[0 wu, «kak pe3ynbraT, OojJiee  BBICOKOMY  KayecTBY
pa3pabaTbIBa€MbIX IPOJYKTOB.

ABTOMaTH3alMsl KOHTPOJIS Mpoliecca BO3MOXKHA TP YCIIOBUH,
YTO JaHHBIE 000 BCEX 3HAYMMBIX acIeKTax Ipolecca pa3padoTKH,
KOTOpBIE  HEOOXOAMMO aHAIM3WPOBAaTh H  KOHTPOJIHPOBATH,
COTJIACOBAaHHO COOMpPAIOTCS W HAKAIUTMBAIOTCA B EIUHON 0ase
JMaHHBIX. HakammBaeMble IaHHBIE IOJDKHBI C HEOOXOIMMOM
TOYHOCTBIO W JICTANM3allHeH OTpaXaTb pPEANbHBIA IIPOIECC
pa3pabotku. [Ipomecc cOopa MaHHBIX NOJDKEH TapaHTHPOBATH HX
MOJIHOTY, KOPPEKTHOCTh M COIJIACOBAaHHOCTH. OTIBIT NOKAa3bIBaeT,
410 0K0JI0 90% MpOBEpOK U OOJIBINE TIPH KOHTPOJIE TIPOLIECCa MOTYT
ObITh aBTOMATHU3UPOBAHBI TPH JOJDKHOM IIOKPBITHM IIpoliecca
cobupaemMbIMU JaHHBIMHU.

Keywords:  koHTpomb  mpouecca  pa3pabOTKH;  METPHKH;
MHCTPyMEHTaNIbHAsl TaHeNb; cOOp JaHHBIX O MPOIIECCE.

1. Heo0x0auMOCTh KOHTPOJIS MpoIecca
CpenHne W KpymHbIe — KOMIIaHMM-paspaborumku  [10

CTaJIKMBAKOTCA C H€06XOHI/IMOCTI)IO KOHTPOJIsI CBOCI0 Ipouecca
pa3pa60T1<1/I, €CJIM OHHM XOTAT BUACTH ITOT IPOLECC CTa0UIBHBIM U
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IpencKa3yeMbIM, TapaHTHPYIONIMM CTaOMIbHBII BBICOKUI YPOBEHB
KauecTBa pa3pabaThIBacMBIX IPOAYKTOB. Takike TaKkOW KOHTPOJIb
HEOOXOIMM, €CIIM KOMIIAHHH XOTAT YCOBEPIICHCTBOBATH CBOW
npouecc pa3padbotku. B aToMm ciyyae KOHTpoJIb poliecca MO3BOJIUT
HaWTH «y3KHE MECTa» M OLIEHUTh 3 (PEKTUBHOCTH U3MEHEHUI.

KoHTponb mporecca MOXKHO YCIOBHO pa30UTh Ha Clielylolne
YaCTH:

e  KoHTposb coOimoaeHNs 3alaHHOTo IpoLecca.

o [IlpoBepka cOrnacoBaHHOCTH, IOJHOTHI M KOPPEKTHOCTH
JaHHBIX, COOMPAaEMbIX PA3IMYHBIMHA CHCTEMAMH ITOICPIKKI
pa3paboTKy;

o IlpoBepka coOiroaeHHs CTaHAAPTOB Mporecca pa3paboTKH,
NPHUHATOTO B KOMIIaHHU.

e  KoHTpoib 3)(HEeKTUBHOCTH H Ka4ecTBa Ipolecca.

o OreHka kKayecTBa pa3pabaTbIBacMBbIX IPOIYKTOB;

o OueHka NpOJYKTHBHOCTH pa3pabOTKHy;

o OreHka TOYHOCTH ITaHUPOBAHHUS;

o UHTepBbloMpoBaHue  pa3pabOTYMKOB ¥  MEHEIDKEPOB
OTHOCHUTEJIFHO Ipolecca.

e IIpundarue pemeHuil.

o [lpuHATHE NPOEKTHBIX PENICHHUH 110 Pe3yJIbTaTaM MPOBEPOK
(B cimy4ae MPOCKTHBIX ayIUTOB);

o [IlpussatHe perreHnii 0  HEOOXOAMMOCTH  BHECCHHS
W3MEHEHHH B IIpoLecc pa3paboTKH.

Kak mnpaBmio, NpoBepKHd M OLEHKH NPH TaKOM KOHTpOJE
NpOBOJATCS B BHAC (OPMAJBbHBIX NPOLEAYP C HCIHONB30BAHUEM
COOTBETCTBYIOIIUX KOHTpONbHBIX Tabumui (checklists). PesynsraTtom
UX SIBIISIETCS] OTUYET, COJlEPIKALINI CIAYIONIYI0 HH)OPMALUIO:

e (Cromcox HalileHHBIX 3aMe€4aHMH © 0000mEHHAs OIeHKa

COIJIACOBAHHOCTH, MOJHOTBI M KOPPEKTHOCTH COOMPaeMbIX

JIAHHBIX;
e (Choucoxk HaWIEHHBIX 3aMedaHuii # 0000IIEHHAS OIlCHKA
COOITIOICHUS CTaHAapTOB npoiecca pa3pabotku,
CTPYIITUPOBAHHBIX 110 00JIACTSIM MPOIIECCa;
e  Chucok HaWJCHHBIX 3aMeYaHuil mno Ka4yeCTBY
pa3pabaTbIBaéMBIX NPOMYKTOB W OOOOMIEHHAsS OIEHKA UX
KauecTBa;
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e (OO000meénHas OIeHKa MPOIYKTHBHOCTH pa3pabOTKH;
e  (OO000meéHHas OIIEHKAa TOYHOCTH TUIAHNPOBAHUS.

Pesymprathl Takmx OTY4ETOB OOCYXKIAIOTCS Ha COOpaHMSX,
JIeTal0TCsl BBIBOABI O KauecTBe M 3(deKkTHBHOCTH mpouecca, U
NIPUHUMAIOTCS pelleHnst 0 0oJjiee TIaTeJIbHOM KOHTpOJIE mpolecca
(B ciyuae ero HecoONIIOAEHHS), O MOJEpHHU3aLMH Ipolecca (B
ciyyae OOHapy)XEHHMsT HEJOCTATKOB), O JIOKAJIBHBIX H3MEHEHHUSX
mpouecca Ais KOHKPETHBIX CHUTyallMd (eciM O0Ka3alloch, YTO
CTaHAapTHBIN IpollecC HE COBCEM YI00EH), O KOPPEKTHPOBKE
UCKa)XEHHBIX AHHBIX (€CJIM HalICHBI 3aMEUYaHus 10 KOPPEKTHOCTH
U COTJIACOBAaHHOCTHU JAHHBIX).

[IpoBeneHNe BBILCYNIOMSHYTHIX HPOBEPOK M MOATOTOBKA
OT4ETOB MOXET OBITh IOBOJBHO JUIMTENBHON M JIOPOrOCTOSILIEH
npouenypol. 3aMeTHO YIPOCTUTh OTY INPOLEAYPY ITO3BOJISET
UCIIONB30BAaHHE  PA3NUYHBIX  aBTOMATH3HPOBAHHBIX  METPHK
mpoliecca pa3padoTKU, KOTOPBIE SBISIFOTCS KJIIOUEBBIM HCTOYHUKOM
OOBCKTHBHOM  WHpOpManmuu O  mporecce. bomee  TOroO,
ABTOMATU3UPOBATh MOKHO HE TOJIBKO C60p HCO6XO[[I/IMI)IX METPHK,
HO M CaMHM Takue IPOBEPKH, YTO IMO3BOJMJIO OBl CYIIECTBEHHO
CHHM3MTh CTOMMOCTh KOHTPOJIS IIpoliecca pa3paboTKy.

2. UndpacTpyKkTypa A aBTOMATH3AIUH KOHTPOJIS mpoiecca

B nmepByro ouepenb, HHOPACTPyKTypa, OOecIedUBaroIIas
BO3MOXKHOCTb ~ aBTOMATH3al[MM KOHTPOJS Ipolecca, IOJDKHA
MO3BOJIATh COTJIACOBAHHO COOMpaTh M HAKAIUIUBaTh JaHHBIE 000
BCEX 3HAYMMBIX acCHeKTax Ipolecca pa3paboTKH, KOTOpBIE
HEOOXOIMMO aHAJM3UPOBaTh U KOHTPOJMPOBaTh. Bce 3T naHHBbIC
MOTYT COOMpaTbhCs C TOMOIIBIO PAa3HBIX IPOrPAMMHBIX CPEICTB
TOZIEPKKH TIporiecca paspabotku 10, Takux kak ALM-cucTemsr
(Application Lifecycle Management), cuctemsr bug-tracking,
task/time-tracking, cucTeMBl TUIAHUPOBAHUS, CHCTEMBI KOHTPOJIS
BepcHil koAa W T.m. Kpome TOro, mporecc B KOMIAHHH JOJDKCH
BKJIIOYaTh B ce0si 00s3aTeNbHOE COIrNIACOBAHHOE OTCJIC)KUBAHHUE
(tracking) m wu3MepeHHMEe BCeX 3HAYMMBIX AacIIeKTOB IIpolecca
pa3paboTKu B 3THX MPOTrPAaMMHBIX CpeAcTBaXx. Bce coOupaembie
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JNaHHBIE [OJDKHBI C HEOOXOOUMOH TOYHOCTBIO M JeTalIn3alluei

OTpakaTh peaybHBIH Mporece pa3pabdoTKH.

T'oBopst 00 M3MepeHmX Iporiecca, CIeayeT Ha3BaTh 3 6a30BbIX
n3MepsieMbIX BEIWYMHBI npoliecca pazpadotku [10:

e Bpewms (3aTpaunBaemMoe Ha pa3paboTKy);

e  Pasmep (coznaBaeMbIX apTe(akToB);

o  KommuectBo nedekToB (B apTedakrax).

Ha ocHOBe BbIlIenepeyrcIeHHBIX BEIUNYUH MOXHO TOCTPOHUTH
MHOKECTBO MPOM3BOJHBIX METPUK MAJISI Pa3HbIX Liened, KOTOpbIe
OyZAyT HCTIOIB30BATHCS MPH aHAIN3E KadecTBa Mporecca.

WNudpactpykTypa s aBTOMAaTH3allMd KOHTPOJSA TMpoIiecca
JOJDKHA TIPUOIM3UTEIEHO UMETh BU, N300paKEHHEIHN Ha pucC. 1.

LenTpamsHBIM 3BEHOM Takoil HHQPACTPYKTYpPHl SBISCTCS
ennHas 0a3a [MAHHBIX, coaepkamias B ce0e BCIO HEOOXOIUMYIO
nHdopmanmio o mpouecce paspaborku. bonee-MeHee MNONHYIO
KapTUHY IIpOILIecCa MOXKHO IOJIy4YHTh, €CliM B 0a3e DaHHBIX OyaeT
coJiepKaThes cieayromas HHpOpMaIys:

e lepapxus NpoIyKTOB U MIPOEKTOB C pa30MBKON Ha 3a1auu.

e Hepapxus nemapramenta pa3pabotku 110 ¢ nanHBIME 0060 BCex
pa3paboTyrKax U MEHeIKEPaXx.

e JlaHHEIC O BpEMCHH, ITOTPAYCHHOM Pa3HBIMH COTPYTHHKAMH Ha
Ty WIA UHYIO aKTUBHOCTb WJIH 33724y .

e JlaHHEIC O cO3MaHHEIX apTedakrax (TpeOoBaHMs, TU3aifH, TECT-
IUTaHBL, KOJ, TIPOCKTHas JOKYMEHTaluss W T.OL) C
MTOJICYMTAHHBEIMH pPa3MepaMu, MPUIEM JOJDKHBI XPAHUTHCS TPU
3HAYCHUS I pa3Mepa — Jo0aBIieHHOE, MOIH(DUIIMPOBAHHOE,
yAan€HHOE.

e JlanHple O HaWOEHHBIX Je(PeKTax CO BCEMH HEOOXOIMMBIMH
aTpubyTaMu U UCTOpHEH U3MEHEHUH.

e JlamHpie 00 wWHCHEKHMAX (B cilydae TNPHMEHEHHs IIporecca
WHCTIEKIINK), TPOYUe NaHHBbIe, CHEeNU(UUHBIE IS TMpoiecca
pa3paboTKu, NPUHITOTO B KOMITAaHHH.

e BcrnomorarenbHble TaHHBIE.

Hannume Bcex 3THX JaHHBIX CO3MAET IIMPOKOE MPOCTPAHCTBO
s aHanmm3a  3()(EKTHUBHOCTH Tpoliecca pa3pabOTKH, IIOHMCKa
CKPBITBIX  3aBHCHUMOCTEH,  BIMAIOIIMX  Ha  KayecTBO W
MIPOJyKTUBHOCTh pa3paboTKH.
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3. KoppekTHOCTH JaHHBIX

HeoOxomuMbBIM ~ yCIIOBHEM  HUCIOJIB30BaHHS — JAHHBIX U
BBIYMCJIEHUSI METPUK Ha MX OCHOBE SIBISETCS KOPPEKTHOCTH ITHX
JAHHBIX, MHa4Ye OHU OyayT Oecnose3nbiMu. [Iporece coopa maHHBIX
JIOJKEH rapaHTUPOBAaTh UX KOPPEKTHOCTh. METPUKU BBIUUCISAIOTCS
Ha OCHOBE «CBIPbIX» JaHHBIX, KOTOPBIE MOTYT COOUpPAThCS Kak
aBTOMAaTU4YeCKHd, TaK U BpydyHyw. Ha koppekTHOoCTh (T.e.
COTJIACOBAHHOCTP M TIOJIHOTY) PYYHBIX  JAaHHBIX  BIHSCT
YenoBeYeckuid (paKkTop, MOITOMY B HHX MOXKET TaUThCS HMCTOYHHK
HUCKaXKeHUS MeTpuK. [l pemeHus 3TOoH TpoOJIeMBI MOXKHO
HCIOJIb30BATh CIEIYIOIINE TPUEMBIL:

e BoznoxxeHue  OTBETCTBEHHOCTH HAa  HUCHOJHUTENEH  3a
KOPPEKTHOCTb JaHHBIX, OTHOCAMHUXCA K WX pabore (ecnu
JIOITYCTHJI BBOJI HEKOPPEKTHBIX JAHHBIX, TO 00513aH HCIIPABUTH).

e Jlepuoguyeckue NPOBEPKH COIJIACOBAHHOCTU JIAHHBIX U
COOMIOZIEHNsT  CTAaHAAPTOB  HE3aBUCHUMBIMH  DKCIIEPTaMH,
BXOJSAUIMMU B IPYIIITy KOHTPOJIS Mpoliecca.

M Bc€ paBHO gaxe Npu KECTKOM KOHTPOJE KOPPEKTHOCTH
JAHHBIX [0 pa3HbIM MPUYMHAM MOTYT BO3HHUKATh JIOKaJIbHbIE
CTaTHCTHYECKUE BRIOPOCHI, KOTOPEIEC CIIeIyeT UCKII0YATh Ipu cOope
CTaTUCTHYECKUX METPHK.

4. ABTOMATH3aUHUsl KOHTPOJIS KOPPEKTHOCTH JAHHBIX

Wtak, KOPPEKTHOCTh JAaHHBIX HEOOXOJUMO  PEryJsIpHO
KOHTPOJIMPOBATh, HHAYE YHaAET MX JOCTOBEPHOCTh. B 3TOM MOryT
[TOMOYb aBTOMATHU3UPOBAHHBIC CPEACTBA. MOXKHO BBIACIUTH 3
croco0a aBTOMaTU3aIMH KOHTPOJISI KOPPEKTHOCTH JaHHBIX:

e KOHTpOIb MOITHOTHI JAHHBIX B MOMEHT BBOJa. Takoil KOHTPOJIb
MIPOU3BOIUTCS HEMOCPEACTBEHHO B CaMHX HH()OPMAIIMOHHBIX
cUCTEeMaX, B KOTOPBIC ATH JaHHBIC BBOJSTCSA, B MOMEHT BBOJA
JNAHHBIX, T.€. CHCTEMa IIPOCTO HE TMO3BOJISICT 3aBEPIIHUTh
ONEpanyioo, eCIM JaHHbIE HEKOPPEKTHBL. JTO  caMbId
a¢¢dexTHBHBII crmocob. [aBHBIH ero HEIOCTaTOK — €ro
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MIPUMEHUMOCTh CHJIBHO OTPaHWYCHA WH3-332 OTPAaHWICHHOCTH
KOHTEKCTa OT/IEJIbHBIX ONepalnii BBO/A TaHHBIX.

e KOHTpomP € TIOMOIIBI0 AaBTOMATHYECKHX HOTH(UKAIHUIL.
CrnenuanbHble MPOTpaMMHBIE areHThl MOTYT IEepUOIHUYECKU
WIN TIpH HACTYIUICHWH OTNpPENENEHHBIX COOBITHI IPOBEPSTH
KOPPEKTHOCTh JTAaHHBIX u npu oOHapyXeHH!
HECOIJIaCOBAaHHOCTH  MOCHUIATh  CIELUUaJbHBIE  MHCbMa-
YBEIOMJICHHS JIIOJIIM, OTBETCTBEHHBIM 32 3TH JaHHbIE.

e Jlepuoguueckre MPOBEPKU C MOMOIIbIO aBTOMATHU3HPOBAHHBIX
CPEACTB NIPH YYaCTHH HE3aBHCHUMBIX SKCIEPTOB (pa3 B HENEINIO
WIN HECKOJbKO Henmenb). OJTo Oojee BBICOKOYPOBHEBBIE
MIPOBEPKH, KOTOPBIE HEUENecO00pa3HO pealn30BBIBATH C
MIOMOIIBIO BBIIICONMCAHHBIX CIIOCO0OB. Pe3ymbraToM Takoi
MPOBEPKH  OyAeT  CHHCOK  HAaWIEGHHBIX  3aMEYaHHM,

CTeHEPHUPOBAHHBII aBTOMAaTUYECKH, U, BO3MOXHO,
paclIMpeHHbId  3aMEUYaHUSAMHU,  HAMJCHHBIMM  BPYYHYIO
JKCIEPTAMH.

IIpoBepka TOJHOTH, COTJIACOBAHHOCTH H  KOPPEKTHOCTH
JIAHHBIX SBISICTCS OJIHOM M3 33784 KOHTPOJIS mporecca pa3paboTKu.

5. TIpouecc KOHTPOJIS M yJIy4IlEeHHUs MpoLecca

IMpouecc xoHTpons W ymydmeHus mnporecca paszpaborku 10
(puc. 2) ¢ UCIOJIB30BAHNEM aBTOMATH3AI[H COCTOMUT M3 CIIEAYIONINX
OCHOBHBIX IIarOB:

e [Iposepka cobmroneHus nporecca:

o ABTOMaTH3MpOBAaHHAs IPOBEpPKa COOPAHHBIX [JAaHHBIX Ha
MOJIHOTY, KOPPEKTHOCTh U COTJIACOBAHHOCTb.

o MHcnpasnenue HaiineHHBIX TIpoOieM B naHHBIX. Bo3Bpar Ha
MPEBIAYIINI AT, €CIIN OBLITH MTPOOIEMEI.

o ABTOMaTH3MpOBAaHHAs MPOBEpPKA COOJIIOJCHHSA CTaHIAPTOB
mporecca pa3paboTKH.

e [IpoBepka 3ddekTHBHOCTH IpolIecca:

o ABTOMaTH3MpOBaHHas OLICHKA KAauyecTBa pa3pabaThIBAEMBIX
NPOJIYKTOB, TPOAYKTHBHOCTH pPa3pabOTKH, TOYHOCTH
IUIAHUPOBAHUS;

e OOcyx/eHne pe3ynbTaToB NPOBEPOK Ha COOPAHUH:
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o IIpocmoTtp m 06cy)aeHNe HAWICHHBIX 3aMEYaHNH.
o Obcyxneane 3(PQGEKTUBHOCTH  OTACIBHBIX  aCIMEKTOB
mporiecca pa3paboTKH.
o [IlpuHsATHE pemeHWi MO YIYYIIEHHIO MpOollecca, a TaKkKe
MPOEKTHBIX PEIICHNH B Clly4ae IPOEKTHBIX ayIUTOB.
e  BrinonHeHNe NPUHATHIX PEIICHHUH.

6. ABTOMaTHSaIIl/ISI MPOEKTHLIX AyAUTOB

dopmanbHBI TIpPOLECC ayauTa IMPOEKTOB BKIIOYAeT C ceds

NIPOBEPKY  PAa3NMYHBIX  IIOKAa3aTeJeH  TNPOCEKTa,  BBIABICHHE

TEHJCHLUH, MPOBEPKY COOJIOAEHHS CTAaHAAPTOB MPOIECCOB M T.I.

Habop BCEBO3MOXHBIX HPOBEPOK COCTABISIETCSI B KOHTPOJIBHYIO

tabmuiy (checklist), xoropas morom wucnonb3yercs. OTaenbHbBIC

NIPOBEPKH B KOHTPOJIBHOWH TaOnWIEe CIEAyeT ONKCHIBaTh B

¢dopmaneHOM BHAE. Bo3MOKHBIE MIAOIOHBI JUIS TaKUX IMPOBEPOK

Ccleayromye:

® IODKHBI OBITh BBEIEHBl TaKHWEe-TO JaHHbIE» (IPOBEpKa
MIOJTHOTHI JAaHHBIX MJIM COOJIFO/IEHHsI CTAaHIapTOB IIPOIiecca);

®  (TakWe-TO JaHHble JOJDKHBI COOTBETCTBOBATH  TEM-TO)
(IpoBepKa  COTNIACOBAHHOCTH JAHHBIX WJIM  COOJIOJCHUS
CTaHAapTOB IpolLecca);

e apamerp WIM MeTpuka X B TaKUX-TO YCJIOBHSX IOJDKHA
HaxXOJMThCS B TpeAenax oT Xmin g0 Xmax» - NMpoBepka Ha
HEKHH JAMAna3oH 3HAYEHHH, KOTOPBIM CUMTAeTCs IPUEMIIEMbIM
1 BBIYMCISIETCS HA OCHOBE MCTOPHYECKHX NAaHHBIX (TIpOBEpKa
coONIoileHNss CTaHJapTOB mponecca wid  3PPEKTUBHOCTH
mporecca).

[Tpumeps! mpoBepok u3 npakThku komnaanu CQG:

o «Kaxnmas axkTUBHOCTh THNA «pa3paboTka TpeOOBaHUII»,
«IIPOEKTHUPOBAHUEY, «pa3paboTka TECT-TUIAHAY,
«KOJIMPOBAaHHE»  NPUBOJMT K  CO3JAHUIO0  apTedakToB
COOTBETCTBYIOIIETO THIA C 33JePKKOH He Ooiiee 2-X HEAEeNb) -
IIpUMeEp MPOBEPKH Ha MOJTHOTY U COTJIACOBAaHHOCTH JJAHHBIX.
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MpoBepka Mposepka

A@HHbIX Ha Wcnpaenexue cobniopeHus liposspka O6ceyxaeHve

NOMHOTY U ——» npobnemB — CTaHAApToOB —| 2;?4(*:16[)“;3::; —» pesynbtaTtos
KOPPEKTHOCTb [laHHbIX npoviecca [t npoBepoK
[automated] [a il

|

BbinonHeHune
MPUHATBIX [
peLueHnii

PucyHok 2. Mpouecc KOHTpons U yny4weHus npouecca
paspa6oTku MO. ABTomaTusMpoBaHHbIe Waru BblaeneHbl
nogcTpokon [automated].

e «Kaxmoe wuszMeHeHHE Koja pasMepoM, MpeBblmarommm 20
CTPOK, MPOXOAUT depe3 (HOpMaNbHBIA MPOLECC WHCIEKIHI) -
TIpUMep MPOBEPKH Ha COOFOICHIE CTAaHIAPTOB TpoIiecca.

e «KommuectBOo nedekToB, HaWACHHBIX B XOIEC CHCTEMHOTO
TECTHPOBaHUS, MEHBIIIE KOIHYeCTBa JC(PEKTOB, HAWJEHHBIX B
XOZIc WHTETPAlMOHHOTO TECTHPOBAaHUSA, KOTOPOE, B CBOIO
odepenb, MEHBIIE KONMWIecTBa Ae(peKToB, HAWICHHBIX B XOJE
HMHCTIEKIM» - IPUMEp NMPOBEPKH KadecTBa Ipolecca.
ITooOHBIE MPOBEPKH MOTYT OBITH JIETKO aBTOMATH3UPOBAHBI

IIPYU HAJTMYHUN HEOOXO0auMOH nHpopManuu B 0a3e TaHHBIX.

Kaxnplit mpoekT umeeT cBOlO crenupuKy, MMO3TOMY 4YacTo
ObIBaeT, YTO CTAHAAPTHBIE MPOBEPKU MOTYT IUIOXO MOJXOAUTH IS
KOHKpPETHOTO mpoekTa. /i Takux ciaydaeB OyaeT yaoOHO Hanudue
BO3MOXKHOCTH TIOJICTPOMKH IapaMeTpoOB aBTOMATH3HPOBAHHBIX
MIPOBEPOK B 3aBUCHMOCTH OT OCOOCHHOCTEH MpOeKTa.

Yem Oomblle MPOBEPOK YAACTCS aBTOMATH3HPOBATh, TEM
JIelIeB/ie TOJYYUTCS CTOMMOCTh TNpoBeAeHust ayaurta. OaHako
aOCOJIOTHO BCE aBTOMAaTHU3WMPOBATh HE MOJIYYUTCS, TMO3TOMY Oe3
«PYYHOTO» OKCIIEPTHOTO aHaM3a HE OOOWTHCH, HO MPOOENBI B
aBTOMATH3allMM  CJIEAyeT MAaKCHMaJIbHO  CcOKpamarh. OmsIT
MOKa3bIBaeT, 4YTO OKoj0 90% mpoBepoK MpH KOHTPOJE Mpoliecca
MOTYT OBITh aBTOMAaTH3UPOBAHbI IPH JOJDKHOM MOKPHITHH TIpoIIecca
cobupaeMbIMU JaHHBIMH.
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7. ABTOMaTH3alMsl KOHTPOJS mpouecca pa3paldoTKu B
komnanun CQG

Kommnanns CQG sBisieTcst MOCTaBIIMKOM JIaHHBIX M CEPBHCOB
JU1s1 OMpPKEBOM TOPrOBIM HA OCHOBE pa3pabaThIBAEMBIX B KOMITAHHH
nporpaMMHbBIX  cucteM.  llrar  genmaprameHta  pa3paboTku
HacyuThiBaeT nopsaka 300 coTpyTHUKOB, pactpeieIEHHBIX MEXKIY
6 oucamu B pa3HBIX CTpaHax.

Pa3paboTunky €XeJHEBHO HCIIOJBb3YIOT HECKOJIBKO CPEICTB
aBTOMaTH3allMK  mpouecca paspaborkn [IO, B KOTOpBIX
MapajuleNIbHO C BBIMOJTHEHHEM OCHOBHBIX OIepaluii codumparorcs
JaHHBIE O BHIOJIHAEMOH paboTe:

e Cucrema yuéra  pabodyero BpeMEHH H  pa3MepoB
MIPOM3BEACHHBIX apTe(aKkToB ¢ MPUBSI3KOW K KOHKPETHBIM
mpoekTaM (CoOCTBEHHAs pa3padoTKa).

o XpaHUT wHepapxui0 JenaprameHTa paspadorku I1O0 c
JaHHBIMH 000 BceX pa3paboT4yMKax, MeEHeIKepaxX, H
KOMaH/1aX, a TAK)Ke UePapXHUI0 MPOJYKTOB U IMPOEKTOB.

o B xonme kaxpmoro pabouero mAHA KaXKIbIH pa3paboT4HK
OTMEYaeT B ITOW CHCTEMeE, CKOJBKO BPEMEHHM Ha TOT WIIU
WHOM MPOEKT U Ha Ty WM MHYIO aKTUBHOCTH OH IIOTPATHIL.
Tarke  pa3paboTYMK  BpPYYHYIO  OTMEYaeT  pasMmep
pa3pabOTaHHBIX B 3TOT JA€Hb apTeakToB — TpeboBaHWiA,
JM3aiiHa, TeCT-TUIAaHOB, JOKYMEHTAIUH.

o JlanHble 0 pa3mepe pa3padOTaHHOTO KOJa IOIANAl0T B 3Ty
CHCTEMy aBTOMaTH4ecKd. Taxke JUIs ITOJMHOXKECTBA
MPOEKTOB aBTOMATHYECKH IOMAJAIOT JaHHBIE O pa3Mepax
TpeboBanuii W au3aifHa. Pa3paboTduky ocCTaércs TOIBKO
NPUBSI3aTh UX K KOHKPETHOMY HPOEKTY.

e Cucrema y4éra OTHEJbHBIX 33Ja4 W MOJUICPKKH WHCHEKIMH
(cobGcTBeHHast pazpaboTKa).

o B oaroit cucreme pa3paboOTYMKK  IUIAHUPYIOT H
PETHCTPUPYIOT CBOIO paboTy Ha YpOBHE OTAENBHBIX
HeOopmMx 3anad. CHcTeMa IOJHOCTBIO IIO/JICPIKUBAET
meronornoruto Personal Software Process (PSP).

o Takxe »3ra cucrema UCIONB3YeTCSs NPH NPOBEICHUH
MHCIEKIIMH  paspabareiBaeMbIx  apredakroB.  Crona
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3aNHCHIBAIOTCA [JaHHbIE O HalJEHHBIX B IIpolecce
MHCIICKIMH 3aMEYaHMAX W NOTPAYCHHOM Ha HMHCICKIUH
BPEMEHH (C TOYHOCTHIO 0 MHUHYT).

e Cucrema bug-tracking u  penosuropuii  TpeGOBaHHMI

(pa3pabotka Ha Oa3e Siebel).

o Cronma 3anmchIBalOTCS JaHHBIE O HaWJICHHBIX JedeKTax c
UCTOpHEH HW3MEHEHMH W TPEUIOKCHHS M0 YIIyUIICHUIO
MPOTPAMMHBIX CHCTEM.

o Takxe B 3Ty cuCTeMy 3aHOCSTCS Bce pa3pabOTaHHbBIC
TpeOoBaHUS.

e Cucrema xoHTpoOIs Bepcuii (CVS)

o Ilpm BHeceHWM W3MEHEHMH B  KOJ  KOJIMYECTBO
J0OABICHHBIX, U3MECHEHHBIX U YIANEHHBIX BPYYHYIO CTPOK
KOJa MOJCYMTHIBAIOTCS  CICLHAIBHBIM  CKPUITOM |
3aHOCATCS B IIEPBYI0  CHCTEMY.  ABTOMATHYECKH
CTEHEPUPOBAHHBINA, @ TakK€ IMEPEHECEHHbI U3 OJHOU
BEPCHH MPOAYKTAa B APYIYyIO, KOA HE YYHUTBIBACTCS TP
OJACYETE.

Bce 3T cHCTEMBbl YacCTMYHO HWHTETPHPOBAHbBI JPYr C APYTOM.
Pa3 B cyrkm Bce pgaHHbIE O Tpolecce U3 OTHX CHUCTEM
UMIIOPTHPYIOTCSL B €IMHYI0 0a3y JaHHBIX, KOTOpas HCIOJB3YeTCs
Iu1st cOopa METpHK M aHajm3a mpouecca. B OyaynieM miaHupyercs
BHEJPCHUE CIMHON WHTErPHUPOBAHHOW CHCTEMBI B3aMEH YETBIPEX
BBIIICIICPEYHCIICHHBIX.

Jns ueneil anHanmu3a coOpaHHBIX JaHHBIX O TIpolecce B
komnaanu CQG Obutn pa3pa®oTaHBI CICIHATIBHBIC MPOTPAMMHBIE
cpeactBa (ma miardgopme MS Excel), oGbemuusironpe B cebe
(YHKIMOHANIBHOCTh BU3YaJIbHBIX ~HMHCTPYMEHTAIIbHBIX IaHeleil
(dashboards) u aBTOMaTH3MPOBAaHHBIX AaHAJIU3ATOPOB METPHUK.
Pa3paboTaHO HECKOJIbKO THIIOB TAKHUX CPEACTB, OTIMYAIOLINXCS
obmacteto mpumenenus: Team Dashboard, Project Dashboard,
Team-Project Dashboard, System Dashboard, Maintenance
Dashboard. Oti manenu-aHanu3aTopbl HCMONB3YIOT HH(GOPMAIHUIO
n3 enuHON 0a3pl HaHHBIX. PesynmbraTamMm paboThl TakMX HaHesei-
aHAIN3aTOPOB SIBJISIOTCSL:
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Habop rpaduueckux auarpamm, MOKa3bIBAIOMINX H3MEHEHHE BO
BpeMeHH (¢ HeJelbHBIMU IIepHOaMH) OCHOBHBIX ITOKa3aTeei
U METPUK IpoLuecca.

Ha6op TeKyIux YuCIOBBIX 3HAYCHHH OCHOBHBIX METPUK.
HaGop aeranusupoBaHHBIX AaHHBIX U3 BJl, OTHOCSAIIMXCS K
BBIOPaHHOMY TIOIMHOXECTBY.

Crnucok  3aMeyaHuid, HAaWACHHBIX  NPH  NPUMEHCHHH
(opManbHBIX KOHTPOJBbHBIX Tabiui (checklists).

OO000mEHHas OlleHKa COOTBETCTBHS IIpoliecca CTaHIapTy Ha
OCHOBE aBTOMAaTHYECKHUX MIPOBEPOK.

MOXXHO  BBIICNHUTH  CJICAYIOLIME  OCHOBHBIE  METPHKH,

0T06pa>1<aeMLIe B MHCTPYMCHTAJIbHBIX IMAHCIIAX!

MeTpuKH IPON3BOAUTEIEHOCTH:

o CkopocTh KOIWPOBaHHS (YHCIO CTPOK KOJa B HEHIEINIO,
CUHTas YUCTOE BPEeMsI KOJUPOBaHU).

o IlpousBoauTenbHOCTh (YUCIO CTPOK KOAA B HEINEINIO,
cuuTas Bc€ BpeMs, 3aTpauyeHHOE Ha JII0ObIe aKTUBHOCTH )

MeTtpuku KadecTBa:

o IInotHocTh nedeKTOB pa3HBIX THIOB (YHUCIO Ae(EKTOB Ha
1000 cTpok koja).

o OO0wBéMm mepemenok (B TPOIEHTaX OT oOmero oodwsema
pabor).

Metpuku GpopMaIpHOTO MpoIiecca HHCIIEKITHIA:

o  CKOpoCTh MPOCMOTpa KoJa (YHCIIO CTPOK B HYac).

o IInoTHOCTH HaWIEHHBIX 3aMeYaHUil (YHUCIIO 3aMEYaHW{ Ha
1000 cTpok koja).

o IIporneHT neekToB OT OOIIET0 YKCITa 3aMEUaAHHIA.

MeTpHKH TOYHOCTH TUNIAHUPOBAHUS:

o OrtkioHeHHe peanbHbBIX 3HaYEHUI 3arpar oT
3aIIaHAPOBAHHBIX (B MPOIEHTAX).

Cebecronmocts npoekTa ($).

B xommannmu CQG aBTOMAaTH3MPOBAHHBIH KOHTPOIb MpoIiecca

pa3pa60T1<H NMPUMCHACTCA Ha HECKOJIbKUX YPOBHX!

[Neproandeckuii ayauT mpoekTos (pa3 B 4-6 Heenb).
[epuonuueckuit KOHTPOIIb CTaHJAPTHOTO npouecca
pa3paboTku B KoMaH/aax (pa3 B 2-3 HeJenn).
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e Ilepuoanueckuii KOHTPOJIb nporuecca MOAJIEPIKKHI
(maintenance) TPOAYKTOB (B 3aBUCUMOCTH OT YacTOTHI
peNn3oB).

KoHTponb mpoBOAUTCST HE3aBUCUMBIMU 3KCIIEPTaMH, KOTOpBIE
COBMEIAIOT pOJb pPa3paboTuvka (B APYIMX NOAPA3JENCHUNX) C
poJbI0 MHXEHepa 1o mnpoueccam paspadbotku [10. IIpu xoHTpoIE
UCTIOJIB3YIOTCS ABTOMAaTHU3UPOBaHHbIC MaHeJIN-aHalIN3aToPHl,
yrnoMsiHyThle  Bblme.  [loMMMO — 3ameuaHuWil,  HaWJICHHBIX
aBTOMAaTHYECKH, 3KCIEPThl MOTYT BBIIBUTH BPYYHYIO U J00aBUTH
cBon coOCTBeHHbIe 3amedaHus. Jlamee, B 3aBUCHMOCTH OT
KaTeropuii HaWJEHHBIX 3aMEYaHUH, OHH JTHOO cpasy YCTpaHSIOTCS
(HampuMep, HEKOPPEKTHOCTh WM HEIOJHOTa JAHHBIX), JHOO
00CYXJat0TCsl Ha MOCIEAYIOIEM COOpaHNH.

8. 3akiioueHme

Kak wu3BecTHO, HEIOCTATOYHO 3aAEKIapUpOBaTh IMpaBWia U
CTaHAapTHI Mpolecca pa3paborku. UtoObl OH cTpoOro cobiroaaics u
O0bu1  3((eKkTUBEH, HEOOXOJUM €ro IMOCTOSHHBIA KOHTPOJIb.
ABTOMaTH3aIMs TAKOTO KOHTPOJISI BO3MOJKHA TOJIBKO B CIy4ae, €CH
JAHHBIE O TMPOIlecCe TIOCTOSHHO M COTIIACOBAHHO COOMPAIOTCS. JTO B
CBOIO OdYepeAb HaKIaIbIBaeT JOMOJHHUTENBHBIE TpeOOBaHUS Ha
mporiecc, OOs3BIBAIOIINE BCEX HCITONHHUTENICH aKKypaTHO BBOJUTH
naHHBle O cBoel gearenbHOocTH. [lo omeity CQG  cpemnee
CyMMapHOE BpeMs, KOTOpOE TPaTUT pa3paboT4MK Ha paboTy co
BCEMH IPOTrPaMMHBIMU MHCTPYMEHTaMH cOOpa JaHHBIX, COCTABIISCT
okoJl0 15 MuHYT B JeHb. KOppekTHOCTHP M COTJIacOBaHHOCTH
coOMpaeMbIX JAaHHBIX JOJDKHA PEryIsIpHO KOHTpoiupoBarbea. Ho
9TH HAaKJAJHBIE PACXOIBI OKYMAIOTCS BO3MOXKHOCTBIO HEIOPOTOTO
KOHTpPOJISI COOMIONIEHUsT Tporecca pa3pabOTKM M aHAJIHM3a €ro
3¢ (GEeKTHBHOCTH, YTO, B CBOIO OdYepeab, NPHUBOAWT K Oojee
BBICOKOMY M CTaOMIIBHOMY KadecTBY pa3padaThIBaeMbIX IPOIYKTOB.
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Te3ucobl

B Hacrosmeit pabore paccmarpuBaeTcs BO3MOMKHOCTH HPHUMEHEHHS METOHOB
MIPOTPaMMHON WHXKCHEPUH B MHIYCTPHHM KOMIIBIOTEPHBIX UIP. AHAIM3HPYIOTCS
0COOCHHOCTH Pa3pabOTKH UIPhl KakK MPOTPaMMHON CHCTEMBI. JIeMOHCTpHpYyeTCs
3¢ PEKTUBHOCT, NPUMEHEHUS METOJOB IPOIPaMMHON HHXEHEPHUH B 3ajadax
pa3paboTku Wrp Ha IpuMepe NpUMEHEeHUs (OPMaNbHBIX IMPEAMETHO-
OpPUEHTHPOBAHHBIX S3BIKOB Ul pa3pabOTKW MpaBHJ UTP B KJacce MOLIArOBBIX
ctpateruil. [IpuMeHeHNe TakuX S3BIKOB ABJSAETCA HOBBIM IOJXOJIOM K pa3paboTke
IIPaBUI KOMIBIOTEPHBIX UTP.

KnaioueBble c10Ba: KOMIBIOTEPHBIE WIPbI; METOABI NPOTPAMMHOMN HWH)KCHEPHH;
(opManbHBIH A3BIK; IPEAMETHO-OPUEHTHPOBAHHBIN SI3BIK.

BBenenue

KomrproTepHbie UTpBl — OfHA U3 CaMbIX AMHAMUYHO Pa3BHBAIOIIMXCS oOyacTeit
nHpopmanmonHeix TexHonorui [1]. Joxonsl MupoBoit mHmycTpuu urp 3a 2007
TOJl BO3POCIH MO pa3IMyHbIM OreHKaMm Ha 60-67% [2, 3]. IIpu sToM, cormacHo
naaaeiM Forbes u Games Industry [2], noxox EBporiefickoro pelHKa BHICOHUTD B
2007 rogy cocraBun 17,9 muwumapaoB mosuiapo, a peinka urp CIIIA — 18.8
MUJIHAP/IOB, HYTO COINOCTaBMMO C JIOXOJAaMH KHHOWHAYCTpHH. Yucio
moTpeOuTeNe KOMMBIOTEPHBIX HUIP TakXe IpoaoipkaeT pactu. Hampumep, B
Kutae 3a 2006 u 2007 roasl odmiee 4HCII0O UTPOKOB BO3POCIIO HA 6 MIJIJIMOHOB
yenoBeKk W coctaBwio 40 wmwumoHoB [4]. Oskunanus mnorpeduteneid wurp
MIOCTOSTHHO PAacTyT, IMOpoXk/ast BcE Oosiee BBICOKHE TPeOOBaHUS K KA4eCTBY UIP U
Pa3sHoO00pa3mIo UX COJepKAHUs. 3aMETHM, YTO KPOME Pa3BICKATEILHOTO acleKTa,
UTPbl  TIPUMEHSIOTCS B OOYYEHMHM M TIpU CO3JIaHWM CHUCTEM HOATOTOBKH
Pa3IUYHBIX CHELHUAINUCTOB [5].

HcTopuyeckn MHAYCTPHUS WIP SABISUIACH YACTHIO MHIYCTPHH pasBiedeHuil [1] u
pa3BHBaJaCh ~ HE3aBHCHUMO OT HHIYCTPHMHM  pa3pabOTKH  HPOrpaMMHOTO
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obecrieuenusi. B pesysnprare, MHAYCTpHUS WIp OTIMYAETCS 3HAYMTEIBHO Ooee
Pa3BUTON MapKETUHIOBOW CTOPOHOM 1O CPABHEHUIO C MHIYCTPUEH MPOrPaMMHOTO
obecrieueHnss ¥ 3HAYMUTEIBHO YCTYNMAeT IO CTENEHH pa3BUTHS IIPOIECCOB
pa3paboTKu, TPUMEHSIEMBIX METOJOB, HHCTPYMCHTAJIBHBIX CPEACTB, M,
COOTBETCTBEHHO, OTIMYACTCS 00Iee HU3KUM KadeCTBOM MPOILYKTOB.

Yacto paspaboTka Hurp BeAETCS 0€3 HCIONB30BAHUS YCTOSBIIUXCS METOIOB
pa3paboTKy, MPOLECCHl U METOJIBI M300pPETAIOTCsl KOMIAHUSMHU MM OTIEIbHBIMU
KOMaHJaMH CaMOCTOSTENIbHO «C HyJsS» OIS KaXIOro IPOeKTa U SBIAIOTCS
3aKkpbITOii  nHpopMmaumeit [6]. JlokymeHTanus MOXET OTCYTCTBOBaTb Ha
MPOTSHKEHHH HECKOJIBKUX ATAIOB Pa3padOTKH U UMETh CIa00CTPYKTYPUPOBAHHYIO
(opMy, 4TO OTpakaeTcsi Ha €€ aKTyaJbHOCTH U MPUBOJUT K IIPOTHBOPEUHSIM.
Hanpumep, He0OX0ANMOCTb NMPOEKTHOW JOKYMEHTAallMH JO CHX IOp BBI3BIBAET
OXXKUBIEHHYIO  MOJIEMHKY M  PAacCMaTpUBAacTCi  3HAYUTEIBHOM  YacTbIO
pa3pabOTYNKOB KaK HOBOBBEICHHE, JOIYCTHMOE MJSI OTHCNBHBIX DPa3BUTHIX
KommnaHui [7].

B nurepatype Hamboiee MOJHO OCBEINAIOTCS BOMPOCH (PU3MUECKOTO YpPOBHS
MIPOEKTUPOBAHUS UTP M dTAIla peann3auy (IPUMEPOM MOTYT CITyXHUTh padoTsI [1,
8, 9, 10]). Bonpmas wacte pabOT MOCBSAMICHA pENICHUIO 3amad TPEXMEPHOTO
MOJICTIMPOBAHMSI ¥ MOJCIMPOBaHUS (U3MYECKUX 3aKOHOB B Hrpax (IIpUMepoM
MOTYT chayXuTh padoTel [8, 9, 10]). IIpu 3TOM O0OIIKM BOIpOocaM pa3pabOTKH
yIensercsl HeJOCTaTOUHOE BHUMAaHME.

OtcyTcTBUE OOIICTIPUHATHIX METOMOB pa3pabOTKM H  OOIIEr0 HAYYHOTO
00OCHOBaHHS SIBJISIETCS OJJHOIM M3 NMPUYMH HHM3KOM JIOJM YCIIEIIHO 3aBEPIIEHHBIX
MIPOEKTOB pa3pabOTKN KOMITBIOTEPHBIX MIP M HEIOCTATOYHO BBICOKOTO KadecTBa
BBINYIIEHHBIX Urp. EsxerogHo B Mupe co3maercs OT 3 0 5 ThICSY KOMIBIOTEPHBIX
UTP, W3 HUX TOJBKO HECKOIBKO JECATKOB CTAHOBATCS IPOTrPaMMHBIMU
MPOIYKTaMU U MOSIBISIIOTCS B pojaxe [11].

BrimeckazanHoe — ompenenseT  IeNecoo0pa3sHOCTh  NMPUMEHEHHS  METOZIOB
MIPOTPaMMHON MHXXEHEPUH B MHyCTPUH WUIP Kak crioco0a MOBBINICHHUS KadecTBa
urp.

3anmadeil HacTosmied paboTHl SBIAETCS PACCMOTPEHHE METOJOB INPOrpPaMMHOI
HH)KEHEpUH M BO3MOXKHOCTEH HX afanTalii ¢ TOYKH 3pEHHS IPUMEHEHHS B
uHAycTpun Wrp. KOHKpeTHO paccMaTpuBaeTcsi BO3MOXHOCTh INPHMEHEHHS
(hopMasTbHBIX TPEIMETHO-OPHEHTHPOBAHHBIX SI3BIKOB JUIS Pa3pabOTKU MPAaBUI UIP
B KJIACCE TOLIArOBBIX CTPATETHM.
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1. Crneunpuka npUMeHeHHS MeTOJOB NPOrPAMMHONH WHJKCHEPUH B
pa3paboTke urp

Bompocsl mpuMeHeHHs METOIOB NPOTpaMMHOM HH)XCHEPUH K pa3paboTKe UIp
paccMarpuBaroTcs, Hampumep, B paborax [12, 13, 14] ¢ TOoukm 3peHUA
pa3pabotunkoB u B pabortax [15, 16, 17] ¢ HayuHOU TOukm 3peHHs. OTHAKO B
MEpeUUCICHHBIX ~ paboTax  MOHATHE  pa3pabOTKM WP  OrpaHUYUBAETCS
JMIOOUTEIbCKUMHM  TPOEKTaMH JjIs  HeOOJbLION KOMaHABI  Pa3pabOTYMKOB.
COOTBETCTBEHHO, pPAacCMaTpPUBAIOTCS JIMIIb 4YacTHBIE CllydaW NPUMEHEHUs
METOJIOB NPOTPAMMHOM WH)KEHEPHH B pa3pabOTKe Wrp, U HE paccMaTpHBacTCs
BIMSHHE, KOTOPOE€ MOXKET OKa3aThb NPUMEHEHHE METOJIOB IPOrpaMMHOM
WH)KEHEPUH Ha MHIycTpuio urp. Kpome Toro, B psiie ciyuaeB HEe YYHMTHIBACTCS
crelupuKa HWrp, PacCMOTPEHHE KOTOPOH C TOYKH 3PEHUS INPOTrpPaMMHOI
WHXXEHEPHH IT03BOJIMJIO OBl QJaNTHPOBATH Psl METOAOB M, B HTOTE, ITOBHICHTH
KaueCTBO HMIPBI.

PaccmoTpuM  monpoOHee OCOOCHHOCTH WIPBHI Kak INPOTrPAMMHOH  CHCTEMBI.
Crenu¢uka TpeOOBaHUN K UTPaM COCTOUT B CIICAYIOIIEM:

1. 3aKa34yMKOM UIpHI, KaK IPaBUIIO, ABIseTCs e n3natenb. Llenb 3aka3unka
COCTOUT B IOJYUCHUU MaKCHUMaJILHOM BBIT'OJIbI OT MPOJAX HIPBI, YTO OTJINYACT
€ro OT 3aKa3yhKa B HMHIYCTPUH IPOTPaMMHOI0O oOecledeHus, Tie Hampumep,
3aKa34YrMK MOXCET IUIaHUPOBATH BHCAPCHHUC IMPOTrpaMMbl B CBOEH KOMIIAaHHUU H
MOXeET OBITh SIBHO 3aHHTEPECOBaH B (PYHKIIMOHAIBHOCTH MPOIPaMMBI

2. ayqUTOpUS WIPHL, KaK TMPaBWIO, OYEHb IIUPOKA (C TOYKH 3pEHHS
BO3pacTa M poja JACATENILHOCTH), YTO MOPOXKIAET IONOJHHTEIbHBIE TPYIHOCTH
ipu cbope TpedoBaHU

3. B UTPOBOH HMHIYCTPUH OYCHb CHJBHBI TBOPYECKHH M HMHHIMATHBHBIHA
ACIIEKTBI, YTO YaCTO YCIOXKHsET cOop TpeOOBaHUA

4. UIPBl OYEHb OBICTPO yCTapeBaeT MOPAlbHO, IOITOMY TpeOOBaHHUS K
CpOKaM pa3pabOTKH Urp BBILIE, Y4eM B HHAYCTPUH IPOrPAMMHOTO 00eCIIeUeHUS

5. Wrpbl HamOoJee YacTO HOCSAT pa3BIeKaTENbHBIA Xapaktep U He
MpeIHa3HauYeHbl JJI pelIeHUs] MPOU3BOICTBEHHBIX 3a7ad. OMHUM U3 TpeOOBaHMIA
K Uurpam sBJIA€TCA MUHUMH3AIUSA BPEMCHHU O6y‘IeHI/I${ urpe.

6. WUTPBl TIPEIBSBIAIOT OYCHb BBICOKHE TpeOOBaHMA K ammapaTHOMY
obecrieueH o, YT0 OOBICHIETCS, B OCHOBHOM, OCOOEHHOCTSIMH TIpaduuecKhx
KoMIOoHeHT. Hamnpumep, urpsl 4acto TpeOyIOT HCIOJIb30BaHUS Haubojee
COBEpILICHHBIX BHE0AJANTEPOB, ayAHOaqaNTepoB, HauOoiee OBICTPHIX LIMH
nepeiauy JaHHBIX

7. Urpbl 4acTto TPeOyIOT MCIOIb30BaHUSI YCTPOMCTB, KOTOPBIE DPEAKO
UCTIONB3YIOTCSL  APYIMMH  KJaccaMd — IporpamMm  (Hampumep, pasinuydHble
MaHUIYJISATOPBI, PYJIH, TIeJald, CEHCOPHBIE KOBPHI)

8. K HEKOTOPHIM YacTsM KOJa WIp NPEABSIBISAIOTCS OYEHb BBICOKHE
TpeOOBaHNS MPOU3BOAUTENBHOCTH, HAIIPUMED, K KOy TpapMueCKUX MOJICHCTEM.
Oco0eHHOCTH TPOSKTUPOBAHUS UTP COCTOST B CIIEAYIONIEM:
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1. CIICHapUH WI'P 3HAYMTENILHO OTIMYAIOTCS OT CLEHApUEB, CO31aBAEMBIX
IUIsL BapUAaHTOB HCIIOJNB30BaHMS B HMHIYCTPHU INPOTPAMMHOTO OOECIICUCHUS, U
6osee OIHM3KH K CIIEHAPUSAM KHHO(DIIIEMOB

2. HalMCaHUe CIEHapUs UIPHl U pa3paboTKa KOHIEIIMH OCYIIECTBISIETCS
HETEXHUYECKHUM CIICIIHAINCTOM
3. 3HAUUTEIbHYIO YacTh UTPOBBIX NMPOEKTOB IO CPAaBHEHHUIO C IPOEKTAMHU

UHIYCTPUH MPOTrPaMMHOTO OOECIeUeHHsI COCTaBJIAIOT pPabOTHl JIU3alHEPOB,
XY/I0’)KHHKOB, MY3BIKAaHTOB, CIICL[HAIMCTOB IO BHIECO M TPEXMEpHOH rpaduke.
IIponieccbl U MeToxABl U 3TOM YacTH NMPOEKTa CYIIECTBEHHO OTIMYAIOTCS OT
HHJTyCTPUH IPOIPaMMHOTO 00ECTICUEeHHS.

4. LUKJIMYecKass pa3pabdoTKa g  XYyJIOXKECTBEHHOHM 4YacTH WIPOBOTO
NPOEKTa CYUTACTCS CIUIIKOM 3aTpaTHOW W MOAedb paboThl HANOMHHAET
BOJIOTIA/IHYIO, YTO OTpakaeTcsl Ha oOmiell Moxenn pa3pabOTKH UTpHI M KauecTBE
UTPBI

5. B HWHIYCTPHH WIP CYIIECTBYET OOIIENPHUHATOE JMAEIEHHE WIPhl Ha
BBICOKOYPOBHEBBIE KOMIIOHEHTHI [ 1, 8]: mormueckuii, puzndeckuid, rpaguaecKumii
KOMITOHCHTBI, =~ KOMIIOHEHTHl ~ HCKYCCTBCHHOTO  WHTEJJIEKTa, [aHHBIX W
B3aUMOJICHCTBUS C TTOJIb30BATENIEM

6. HEKOTOpBIe ACMEKThI NMPOEKTUPOBAHUS U PealM3allii UIP JOCTATOYHO
XOpOIIO NpopaboTaHbl B MHAYCTPHU U HAIIUIM CBOE BOIUIOLICHUE B KOMIIOHEHTAX,
Ha3bIBAEMBIX MI'POBBIMH JIBMKKaMU. HeCcKOJIBKO TakMX KOMIOHEHT HCIONb3YeTCs
npu  pa3paboTKe MpPaKTHYECKH KaXKJOH WIphl, TaKk Kak peau3anus BCex
BBICOKOYPOBHEBBIX ~KOMIIOHEHT HIPbl C HYJISI CYMTaeTCs 3aTpaTHOH W
HerenecooOpa3Hoi. cnonb3oBaHne CTOPOHHHMX BBICOKOYPOBHEBBIX KOMIIOHEHT
HaKJIa/IbIBACT 3HAYUTENBHBIC OTPAaHMYCHHUS Ha NPOEKTHPOBAHWE M peasH3alHio

UTPBI.
Oco0OeHHOCTH pean3alii UTP COCTOAT B CIIEAYIOLIEM:
1. MPAaKTHYECKH B KaXXJOM IPOEKTE HCIONIB3YETCSl CIOXHAs C TOUYKH

3peHus] WHIYCTPUH NporpaMMHOro obecriedyeHus rpaduka. Ilpm stom  moss
MIPOEKTOB, UCIOJIB3YIONUX TPEXMEPHYIO IpaduKy, MPOJ0IIKAET PACTH.

2. 3HAYMTENbHAS YacTh WUIP MpeArojaraeT B3auMojieiicTBue AByX U Oojee
(10 HECKOJIBKHX MUJUTMOHOB) UTPOKOB IO CETH B PEXXUME «MATKOT0» PeabHOTro
BpPEMEHU.

3. 3HAYWTENbHAS YacTh WIP HCHONB3YeT OJIIEMEHTHl HCKYCCTBEHHOTO
MHTEJUIEKTA JIJIsI MOJICIMPOBAHIS ITOBEICHHS IEPCOHAXEN B UTpe.

4. B WIrpax 4YacTO TIIPUMEHSIOTCS CHCTEMBl 3axBaTa [IBIDKCHUS U
COIIYTCTBYIOIUE IPOrPaMMHBIE MOLYJIH

Crnenyer OTMETUTh, YTO psJI acleKTOB NPUMEHEHHS METOJOB IIPOrpaMMHOM
WHKEHEPUH B pa3paboTKe WIp yXKe IO0CTaTO4YHO Xopomo mpopaboraH. Tak,
COIIPOBOXKJCHUE M yINpaBjieHHE KOH(QUrypaluerd B psie ciydae yXe BBIIUIM Ha
npoMblnuieHHbI  ypoBeHb [18]. Ilpm sromM mpomeccsl cbopa TpeGoOBaHMH,
MIPOEKTHPOBAHMSA M KOHCTPYHPOBAHHS MPOTPAMMHOTO OOECTIEeUYeHHs 3a4acTyio
OCTAIOTCS Ha PEMECIIEHHOM YPOBHE «IITYYHBIX TIOACIOK» [1, 8].

246



HenocraTtoyno pa3BUTBL 00JIACTH TECTUPOBAHHMSA W YIPABICHHS KAdeCTBOM.
Hanpumep, TecTHpoBaHME BO MHOTHX CIIy4asX BBINOJHSCTCS BPYYHYIO
pa3paboTYvKaMi [0 BBITYyCKa NPOAYKTa WM IIEPEKIaAbIBACTCS Ha IUICYH
[ONb30BaTeNied  IOCA€  BBIIYCKA. OJTOT NPHHOWI — MONYYWI  [IHPOKOE
pacrpocTpaHeHre W ONMMCHIBAacTCs B auTepatype kak “play a little, tweak a little”
[1, 8] (memHOTO TIOMTpAii U HACTPOI).

MaciiTabHoe — HMCIOJNB30BAHME  METONOB  IPOTPAMMHONM  HHXeHepud (B
0COOEHHOCTH B MNPOCKTHPOBAHWM M KOHCTPYHPOBAHHU) MOXKET MO3BOIMTH
YBEIMYUTH JIONIO YCIEUIHBIX IIPOEKTOB, IOBBICHTH OOLIMII yPOBEHb Ka4ecTBa
OPOJIyKTOB U CHU3UTH Ce0ECTOUMOCTD CO3aHKs MPOrPAMMHOTO MPOIYKTA 32 CUET
CO3/IaHusl  CIICNMAJU3MPOBAHHBIX  CPEACTB  pa3spabOTKU M MOBTOPHOIO
MCIOJIb30BAHUS KOMITIOHEHT M 1Ia0JIOHOB.

2. IlpumeHenue ¢opMaIbHBIX MeTOAOB NPOrpaMMHOIl MHKEHEpHHU Il
MPOEKTHPOBAHHUS MPABHJI MI'P B KJIacce MOIIATOBBIX CTPaTeruii

B kadecTBe mpHMepa TNPUMEHEHHs METOJOB NPOTPaMMHONH WH)XXEHEPHH B
pa3paboTKe WIp pacCMOTPUM pPa3pabOTKy WP B Kiacce IMOIIArOBBIX CTPATETHH,
cneuuQuYHbIe AJIs 3TOTO Kiacca 3a7a4yy U pellieHne OAHOW U3 33/1a4 [IPU TOMOIIN
(dbopManbHBIX METONOB mporpamMMHoi umkeHepun. CormacHo pabore [19]
(dopmanbHble METOJBI (B YacTHOCTH (hOpPMAJbHBIE S3BIKH), OTHOCATCS K 00JacTH
snanmii (SE knowledge area) mMeTomoB M CpeACTB MPOrpaMMHON HWHKEHEPUH
(software engineering tools and methods).

BapuaHTsl kaccu(uKay Urp 1 0COOEHHOCTH MOIIATOBBIX CTPATEruil 1ETaIbHO
paccmatpuBatores B [1, 8, 9, 10]. B xauecTBe uccienyemMon 3aaud paccCMOTPUM
pa3paboTKy MpaBWJI UTPHI, KAK OJIHY M3 KITFOUYEBBIX JUIS BHIOPAHHOTO KJlacca.
Pa3paboTka mpaBui WTpBl BKJIIOYAET B CeOsl 3TAIl MPOEKTHPOBaHUS mpasmi [1],
KOTOPOMY C TOYKH 3PEHHS IPOrpaMMHOI MHXEHEPUH MOTYT OBITh ITOCTABIICHBI B
COOTBETCTBHE COOp TpeOOBaHWH M CO3/aHWE KOHLENNIWH. 3aTeM CIIEAyeT 3Tall
MIPOBEPKH U OAJIAHCHPOBKH MpaBHII. Jlanee BBIMOJHICTCSA peayM3alisl MPaBHUI B
BHJIE KOJa Ha S3bIKaxX MPOTPaAMMUPOBAHHS BBICOKOTO YPOBHSA. DTOT 3TaIll MOXKET
OBITh OTHECEH K ATaly peai3alyi B TEPMHHOJIOTUH ITPOTPAMMHON WHIKEHEPHUH.
Kak mpaBumno, amu3aifHep NMepHOAWYECKH (IECSITKH pa3) BHOCHT HCIPABICHUS B
MpaBWJIia U TPOIECC TMOBTOpsieTcs ¢ Havana [1]. 3ameTwM, 4TO B ONMCAaHHOM
Iporiecce ¢ TOYKH 3PEHUs MPOTPaAMMHOM HHXKEHEPHH IOJTHOCTBIO OTCYTCTBYET
3HAUUTEJbHAS YaCTh dTana NPOSKTUPOBAHMS.

[IpoekTupoBaHKe TpaBWI WrPhl  TPAJULIMOHHO  BBHINOJHIETCS  BPYYHYIO
nuzaiHepoM urp [1, 8], KOTOphIid He SBIsETCS TEXHUYECKUM crernuanuctom [1].
[MpaBuna mpencraBisitoTcs B Bujae ciiabo CTPYKTypHPOBaHHBIX JOKYMEHTOB M
oOmMpHBIX Tabiui. ABTOMAaTH3alys pa3pabOTKW NpaBWI, WX IIOCIEXYIOMIei
00paboTKM M TeHepanysi KoJa Ha OCHOBE IIPaBHJI CYLIECTBEHHO 3aTpyAHEHbI. B
HacTosImei paboTe B Ka4ecTBE OJHOTO M3 BAPHAHTOB PEIICHHUS MPoOIeMbl OyaeT
paccMOTpeHa pa3paboTKa W TNPHUMEHEHHE CIELHHAIN3UPOBAHHOTO CPEICTBA
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CO3JIaHUsl TIPaBWJI, HCIIOJb3YIOMIEr0 CBOM BHYTPEHHHH (OPMAJIBHBIA SI3BIK
MIPEACTABIICHUS [IPABUIL.

Takoe crennanM3MpPOBaHHOE CPEACTBO MO3BOJIUT SBHO IPOEKTHPOBATH MpaBHIIa
WUTpbl HAa KOHIENTYaJdbHOM, JIOTHYECKOM M (HU3MYECKOM YpPOBHAX. byner
MIOKa3aHO, YTO TAaKOE€ pEIICHHE, XapaKTepHOE M1 3a7ad aBTOMAaTH3allH B
HUHIyCTPUH Pa3pabOTKN NPOrpaMMHOTO 00ECIICUSHHNS, IMEET PsiJi MPEHMYIIECTB 1
SIBIII€TCA MPEANOYTUTENBHBIM 110 CPABHEHUIO C aJbTEPHATUBHBIMU PEILICHUSMH.

3. IIpumeHenne si3bIKa 171 NPOBEPKH KOPPEKTHOCTH NMPABUJI UI'P

B ocHOBY pa3pabOTKM HWHCTPYMEHTAIBHOTO CpPEACTBA IIOJIOXKEHA KOHLSTILIUS
UCMIONb30BaHUA  (OPMABHOTO — NPEIMETHO-OPUEHTUPOBAHHOTO  SI3bIKA LIS
pa3paboTKM TpaBWI HIP B Kiacce IOMIAroBBIX cTparernii. IlpaBuma wurpsl
BKJIFOYAIOT MHO>KECTBO THITOBBIX CLIEHAPHEB UIPHI.

[MpennoxeHHBIH MpPEAMETHO-OPUEHTUPOBAHHBIN S3BIK IO3BOJISIET  OIMCHIBATH
CYIIHOCTH U3 NPEIMETHOH 00JIacTH KOHKPETHOW WIPHI (2 MMEHHO CBS3aHHBIE C
CYIIHOCTSIMU JJTaHHBIC U TIOBEJCHHUE), ONPENCIATh OTPAaHMUYCHUS, HaJaraeéMble Ha
MOBEAICHHE CYIIHOCTEH, ONpENETsITh OTHOIICHWS MEXIy CYIIHOCTSIMH,
OMpENeNATh PeaKkIHi0 Ha MOBEJEHHE HEKOTOPOW CYIIHOCTH CO CTOPOHBI JPYTHX

CYLIHOCTEM.
KoppekTHOCTh MoOJeNM CLEHapus Urpbl IpoBepsieTcs IyTEM IIPOBEPKH
CHHTaKCHUYECKOTO u CEMaHTHUYECKOTO COOTBETCTBUS UHTEp(EicoB

B3aMMO/ICHCTBYIOIIUX 00OBEKTOB MOJICITH NIPU MMOMOIIK METO/Ia, MPEI0KEHHOTO B
pabote [20].

[IporoTun pe3ynbTHPYIOIIEH MPOrPAMMHON CUCTEMBI TOJIyYaeTCsl Ha OCHOBAHHUU
TpaHCHOPMAIMOHHOTO TIOAXO0Aa B paMKax OpeoOpa3oBaHHs KOHCTPYKIMI
MPEAMETHO-OPUEHTUPOBAHHOTO SI3bIKA HA OCHOBAHMH CEMAHTHYECKHX [TPABHUIL.
Takum 00pa3oM, UCMOIH30BAHKE SA3bIKA MMO3BOJISIET HE TOJIBKO OIMUCHIBATH MOJIEIH
NpaBuJl B TEPMUHAX Ju3aifHepa Wrp, HO ¥ OCYIIECTBISITH  OBICTPYIO
ABTOMATH3MPOBAHHYIO Pa3pabOTKy BepU(HUIIUPYESMOTO MPOTOTHIIA.

3aki0ueHue

B Hacrosime#i pa6ote Obuta paccMOTpeHa BO3MOXKHOCTH NMPHUMEHEHHUS METOJOB
NIPOrPaMMHOM MH)XEHEPUM B HMHIYCTPUU KOMIIBIOTEpHBIX Wrp. IIpoBenéHHbII
aHaJTU3 WHAYCTPUH IOKa3ajl aKTyaJbHOCTh 3aJa4M IOBBIMICHHUS KadecTBa UIP 3a
CYET IPUMEHEHUs] METOZ0B IPOrPaMMHON MHXXEHEPUH B pa3paboTKe Urp. AHaIU3
cnenuduKy nporecca pa3paboTKu UI'P TO3BOJIMI ONPENEIUTh Talrbl pa3paboTKu
Urp, JUI1 KOTOPBIX HamboJjee 11enecoo0pa3Ho NMPUMEHEHHE YKa3aHHBIX METO/IOB U
HUX aJarTamuin.

B Hacrosmeid pabote paccMOTPEHO HCHONB30BaHUE (OPMAIBHOTO HPEIMETHO-
OpPHEHTHPOBAHHOTO SI3bIKA JUI CO3JAaHUs CPEACTBA Pa3paOOTKH MpPaBHII WIP B
KJIaCCE IMOINAroBbIX cTparerui. IIpe/uloKeHHbBI OAXOX Ha OCHOBaHUU
(opManbpHOTO s3bIKa JJa€T BO3MOXKHOCTH pa3paboTaTh HHCTPYMEHTAJIBLHOE
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CPEICTBO, MO3BOJIAONICE OOJiee KAYeCTBCHHO IMPOCKTUPOBATh MpaBmiia Urpel. Ha
MIpUMEpPE HKCIIOJIb30BaHMS S3bIKa ObUIa TPOJEMOHCTPHUPOBaHA 3(PPEKTUBHOCTD
METOJOB MPOrPAaMMHOM  HHXXEHEPUH Uil pellieHHs 3aaad  pa3paboTKu
KOMITBIOTEPHBIX UTP.
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All in one: you can do more. We’ll teach you how...

Alexander V. Babich
Knowledge Center Incom company
email: alexander.v.babich@acm.org

Abstract

The report presents some results of author’s research in the area
of professional training framework based on the results of detailed
customer audit. Author will share his experience as well as the some
further ideas.

Proposed approach consists of the detailed audit of customer’s
goals, technologies and business-processes. Based on audit’s results
we compile a set of competencies needed to achieve customer’s
goals. Next step is to select target groups to be trained, audit their
current skill set, prepare educational and development plans...

The research was conducted in Knowledge Center Incom
Company for two of our customers since January 2008. At this time
we have great results: customer loyalty, massive sales, and new
horizons for new researches...

Keywords: 1T-education, Microsoft, Incom, Knowledge Center,
audit, human development, education planning.
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Bce B 01HOM: MOBBbINIEHNE KOHKYPEHTOCIOCOOHOCTH
KJIMEHTOB 4yepe3 00yueHue

Anexcanap baouu
Hentp 3nanuii komnanuu Mukom
email: alexander.v.babich@acm.org

Te3ucobl

Bynyt mpencraBieHbl HEKOTOPBIE PE3YAbTaThl MPAKTHUECKHUX
9KCIICPUMCHTOB aBTOPa B 00JIACTH MPOJBHKEHUS 00pPa30BaTEIILHBIX
yeryr llentpa 3HaHWiA, OCHOBBIBASCh Ha pe3yilbTaTax ayAHnTa
KOMIIAaHUHU-KJIACHTA.

IIpennosxkeHHbIN MOAXO BKIJIIOYAET TIIATEJNbHBIA aylUT Leiei
KOMIIAaHWH, HCIOIB3YEMbIX TEXHOJOTHH W OW3HeC-TPOIecCoB, Ha
OCHOBE pe3yJbTaTOB KOTOporo GopMupyercss HabOp KOMITCTCHIINH,
pa3BUTHE KOTOPBIX MO3BOJIMT KOMIIAHUHU JOOUTHCS MOCTABJICHHBIX
ueneil. 3areM BBIAEHSAIOTCS LEJNEBbIE TPYMNIbL, Uil KOTOPBIX
COCTABIIAIOTCS TUTAHBI OOYUICHUS U Pa3BUTHSL.

DKcIepuMeHT TpoBoauTcs Ha Oase lleHTpa 3HaHMIT KOMITAHUU
«MHKOM» 1711 ABYX KOMIIAHMH-KJIMEHTOB C Hadaja TEKYLIEro roja.
[lonydyenHnple  pe3ynapTaTbl  MO3BOJMJIM  YCOBEPLIEHCTBOBATH
METOJUKY, TIOBBICHJIM JIOSUTBHOCTH BBIIICYMOMSHYTHIX KIHWEHTOB,
OTKPBUIM HOBbIE TOPU3OHTHI JJIS1 JAJIBHEHIINX HCCIEA0BaHUM.

Keywords: UT-o6pazoBanue, Microsoft, Uukom, Llentp 3nanwui,
ayJIuT, pa3BUTHE MEPCOHAIIA, [UIAHUPOBAHUE 00yUYCHUSI.

1. O 4em moiigeT peub

3HayeHue 00y4YeHHUS M cepTU(UKAIMK [IEPCOHANa i OU3Heca
KOMIIaHUHU CEroaHs IIOHUMAKT IIO4YTH BCEC OTCUYCCTBCHHBIC
paboronarenu. B cBsi3u ¢ 3TUM OypHO paciBETalOT BCEBO3MOXKHBIC
CTEC’u, «KOMIbBIOTEPHBIE» KYpPChI, 3a4acTyl0 MOJOOHBIC YCIyrd
MPEIOCTABIISIOT U 00pPa30BaTENbHBIC YUPEXKICHUSL.
OnHako, Majo KTo 3aJyMbIBaeTcst Haj TeM, uto UT-o0ydenue — ato
HE TPOCTO IpoJiaka TPEHWHIOB, a Heuro Ooibuiee. [IpuBieus n
ylepKaTh KJIMEHTa, MPEBPATHTh KAXIbIH BIIEPBBIE NPOBEACHHBIN
TPEHHHT B HAYaJI0 JOJIIOr0, IUIOJOTBOPHOTO M B3aMMOBBITOJHOTO
COTpYJIHHYECTBA — HE TakK-TO HpocTo. JlaHHas paboTa — MOMBITKA
pacckaszatb O TOM, Kak 3TO JejaeM MbI, a uMeHHo Llentp 3Hanwmii
komnannu HWHKoM [1], mONmB3ysich METOIMKOW KOMIUIEKCHOTO
MOJIX0/Ia K TIPOJIBHKEHUIO 00pa30BaTENIbHBIX YCIYT.

252



Ho crayvana gaBaiite mMoO3HAKOMHUMCS] HEMHOTO OJIIIKE.
2. K10 ecTh KTO Ha phIHKe 00pa30BaTeIbHbIX YCIYT YKPanHbI

UrpokoB Ha pbIHKE O0pa3oBaTENbHBIX YCIYr YKpauHbl —
JOCTaTOYHO MHOTO, HO cronuyHbli LleHTp 3HaHmil 3acimyXeHHO
3aHMMAaeT Juaupyomee mnoyoxeHue. OcMeNoch NPeAIoIoKUTb,
YTO W HE TOJILKO B YKpauHEe — Jaxke orpomuas Poccust moxer
MIOXBACTAThCS BCETO JIMIIb TPEMs YYeOHBIMHU LIEHTPAMHU ITOXOXKETro
«Kamopay.

OcuoBan lentp 3mammit B 2002 romy u 3a 3TO Bpems Obuia
IpojAeTaHa orpoMHas paboTa, a TJIaBHOE — MOJo0paHa OTIHMYHAS
KOMaH/1a Tpo(eCCHOHATIOB.

B nmaHHBII MOMEHT Haml YYeOHBIM OTAET COCTOMT u3 6
CepTUHUIIMPOBAHHBIX HHCTPYKTOPOB CISCO, 5
CepTU(UIMPOBAHHBIX HHCTpYyKTOpoB Microsoft, 2 wuHcTpykTOpOB
Sun/Linux, 1 uactpykropa Oracle i 1uHCTpYKTOpa IO YIPaBICHUIO
MpoeKTaMH, o0Ilee YMCII0 CePTU(GHUKANUOHHBIX CTaTyCOB KOTOPBIX
npesbimaet 170.

Ha Hamem cuery - Goiee 50 peanan30BaHHBIX IPOEKTOB B
Kazaxcrane, Poccuu, Ilompme, CrnoBenuu, Apmenuu, ['py3um,
I'perun, CIIA, Anrmun, bpaswmnu, [lakucrane, OAD, Adpuke u
1p, a Takxe oosee 20 pa3pabOTaHHBIX aBTOPCKUX TPEHUHIOB.

Ha nannbiit Moment Llentp 3HaHuil - eTMHCTBEHHBIA B YKpauHe
umeer craryc Cisco Learning Partner / CLSP.

MarepuanpHass 0a3a — Toke Ha BbeIcoTe. B Hammuum 10
MIPEKPacHO OCHAIIEHHBIX KiaccoB Ha 150 mect, a 001mas cToMMOCTh
naboparopaoro ob6opymoBanus npessimaer  $1000000. Taxoke
nMeeTcs 3aropoAHbBI y4eOHBIM IIeHTp ¢ kimaccoM Ha 40 wecr,
TOCTUHUYHBIMH HOMEpaMH CO BCeMH YA0OCTBamH, OacceidHOM,
CcayHOU, OUTBSIPTHON U T.J.

B cBoeii pabote lLlentp 3HaHuii Bcerma B TEPBYIO OdYepelb
OPHEHTHPOBAJCSI HAa CPEJHEr0 M KPYIHOTO KOPIOPaTHBHOI'O
3aKa3yvka. VIMEHHO MO3TOMY B IIOCIEAHEE BpPEMsI MBI CTajH
3aJyMbIBaThCsl HaJl TE€M, KakK cJIelaTh Hallle B3aWMOJIEHCTBHE C
KJIMEHTOM OoJiee TeCHBIM M 3()(EeKTHBHBIM, NPEBPATUTH 00yueHHE
NepcoHaj]a B MHOTOJIETHHH HPOEKT, CTalld MbITaThCsl BbIpaboTaTh
METOJIUKY, TIO3BOJISFOLIYIO Npe/IaraTh IMEHHO T€ YCIIyTH, KOTOpbIe
MaKCHMaJIbHO COOTBETCTBYIOT HY)K/J]aM HAIIUX KJIMEHTOB.
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3. Ham moaxoa: He MPOCTO NMPOAABATH TPEHHUHIH, 2 PA3BUBATH
KJMeHTa!

B 4em ke cocTOUT cekpeT Halleil METOJIMKU, KOTOPYIO MBI yiKe
BECbMa YCIICIIHO MbITaeMCs MPUMEHSITh ¢ Hauajia TeKyIero roga?

CekpeT MpoCT — Mmpexae 4YeM MpOoAaBaTh KIHUEHTY KaKue-TO
TpeHuHTH (OyIb TO aBTOPH30BAHHBIC WM aBTOPCKHE KYPCHI), MBI
MPOBOJUM TIIATEIbHOE H3YyUEHHE KOMIIAHUH, OMpEeNsieM, Kakue
WMCHHO 3HAHHS, YMCHUS M HaBBIKM HEOOXOIMMBI MEPCOHATY JUIs
JOCTHXKEHUS LIETIEH, IPECIIEYEMbIX KIMEHTOM.

Ha cnenyromem sTane Mbl aHaIU3UPYEM CTPYKTYPY KOMIIAHUU
1 OTIpeeIIsieM IIeJIeBbIC TPYIIITHI U1 O0YICHUSI.

Crnenmyromuii mar — OICHKa NOTPeOHOCTEH TIepcoHala B
pa3BUTHH #, COOCTBEHHO, WIOCTPOCHHE MOAPOOHBIX IUIAHOB
00yUYeHHSI C YIETOM YK€ WMEIOIINXCS 3HAHWN, YMCHHI W HaBBIKOB,
KapbepHBIX MyTel COTPYAHUKOB U T.J.

A nmanee MbI MPOBOIUM OOyYCHHE M MOBTOPSACM BCE CHAvaa,
uTepaTuBHO. Takum o00pa3oM, MbI JOOMBaeMCS KaueCTBEHHOM
MOATOTOBKH TEepCOHAjda M TIOMOraeM KJIMEHTY CIUIAHHPOBAaTh
pa3BUTHE COTPYAHUKOB Ha TOJABI BIEpEN, NPUYEM HE MPOCTO
pa3BUTHE, a pa3BUTUE C YUETOM II€JIeH, CTOAIIUX Mepes KOMIIaHUeH,
TEXHOJIOTUH, MCIONb3yEMbIX KIMEHTOM M IUIAHUPYEMBIX K
BHEIPCHHUIO, €T0 OM3HEC-TIPOIIECCOB H T.1I.

Hdamee MBI MOXPOOHO PACCMOTPHM KXKABIH W3 OTaroB
OIMCAHHOTI'O BBILIE MpoIlecca.

4. Yero xo4eT KJIMEHT OT KHU3HU?

Wrak, mepBbIil 3Tam — 3TO ayJUT KOMIaHUHU-KJIHEeHTa. B o0mux
yepTax dTOT MpPOIECC MUIIOCTPUPYETCS TPUBEACHHONW HUXKE
CXEMOH.

Iens manHOrO 3Tama - CGOpPMHUPOBATH HAOOP KOMIIETEHIIMN
(Skills ~ Set), koTOpbIii MO3BOJMT KOMIIAHHUHM JOCTHTHYTb
HaMEYEHHBIX LIeeH.
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Habop Heobxogmmblx
KoMMNeTeHUMi

JeilicTBUTEIHHO, BCE OYEHb IMPOCTO — Ha  OCHOBE
MPEJOCTABICHHONH KIMEHTOM HWHpOpManmuu o OW3HEC-IesIx
KOMIIaHUU W €€ IUIaHaX, HCIOJb3YEMBIX W IUIAHUPYEMBIX K
BHCAPCHHUIO TEXHOJIOTUAX, YPOBHE 3PEJIOCTH HH(PPACTPYKTYpHI H
OM3HEC-TIPOIIECCOB, MBI TIOTYYaeM CIIUCOK KOMIICTCHIUH, KOTOPBIMU
JIOJDKHBI 00J1a71aTh COTPYAHUKA KOMITAHHH.

Kaxkue cpenctsa mMbl 1t 3TOr0 Hcnosib3dyeM? OueHb MPoCThie —
AHKETY-ONPOCHUK, COJEPXKAIlYyI BOMPOCH], 3aTparuBaroline Bce
MIEPEUYNCICHHBIC  aCIeKTHL.  3amONHACTCS OHa PYKOBOACTBOM
KOMIIaHUU-KJIMEHTa. A eme y Hac €CTh CIHCOK KOMIIeTCHIIHH,
«CHHXPOHU3UPOBAHHBII» C AaHKETOW, TaK YTO, PE3ylIbTaTOM ee
aHanmM3a cpa3y K€ CTAaHOBUTCS HEKHH IIepeYeHb CTaHIApTHHIX
KOMIIECTEHIIHIA, KOTOpBIC KIIHEHTY HY)KHO pa3BUBATh.

[IpudeM, Kak MBI yXe YIIOMHUHAJIH, CITUCOK ITOT COCTABIISETCS
«Ha TEpPCIeKTHBY» - OH BKIIOYaeT B ce0sl He TOJBKO Te
KOMIICTCHIMH, KOTOPBIE HEOOXOAMMbI KOMIIAHMHM B JaHHBIN
MOMEHT, HO H Te, KOTOpble €l TOoHAJ00sATCS B Onmxaiiem
Oyayiem.

5. Yro Memaer KOMIIAHUH JOCTHYDL MOCTABJIEHHBIX 1eJaeH?

A MemarnT KOMIIAHMU JABHUraThbcs BIepej Joau. Bephee,
HEOCTAaTOK Y HUX 3HAaHUH, yMEHUI U HaBBIKOB. 1 MIMEHHO mO3TOMY
Ha BTOPOM 3Tale Mbl MBITAEMCS ONPEIEIUTh, COTPYIHUKOB KAaKHUX
MMEHHO JIeNIapTaMEeHTOB M pabounX IPYII HY>KHO Pa3BUBATh.

Wnest 1oBOJIBHO IIPOCTa — IIYTEM CPAaBHEHUS OPraHU3aLlMOHHOU
JIarpamMmmbl KOMITAHUH-KJIMEHTA ¢ HEKoel a0 IOHHON
OpTraHM3AIMOHHON TUarpaMMOM, MBI «pa30packiBacM» MOTyYSHHBIH
Ha TPEeABIYIIEM 3Talle CIIUCOK KOMITETeHIINH IO TOIpa3/ICIeHUsIM /
rpymnmnaM / MO3ULHSIM H T.JI.
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I'paduueckn 3TOT mpomecc MOKHO NPEACTABUTH JOBOJIHHO
IPOCTO:

Komnere

Leneean rpynna - COTPYAHUKN,
HY XA WHecA B pa3BUTHH

OnsTh-TakKu, UHCTPYMEHTHI JIOBOJILHO IPOCTHI U JIOTHYHBI —
STaJIOHHAs] OpraHW3alMOHHAS JHarpamMma, ¢ KaXIbIM JJIEMEHTOM
KOTOPOHM COIMOCTaBJICHBI KOMIICTCHIIUM M3 HAICTO CIHCKA. Takum
00pa3oM, BBIJCIHB CIUCOK KOMIICTCHIMIA HAa MEPBOM 3Tarle, MBI
cpa3y JKe 3HaeM, KOro HYXHO pa3BuBaTh. OCTaloCh TOJBKO
WACHTU(PHUIAPOBATH MOAPA3ICICHHS / TPYIIIEI / IO3UIINH KOMITAHIH
—KJIMEHTA, COOTBETCTBYIOMINE HAIIUM «3TaJTOHHBIM.

6. JJdaasme geno 3a TpeHepamu? Emne HeT.

Koro mmeHHO HyXHO pa3BHBaTh, MBI YyXe 3HaeM. Bo3Hukaer
Borpoc — kak? To ecTh, Ledb TPEThEro J3rTama — COCTABUTH
0IpOOHBIE TUIAHBI O0YYESHHUS MIOCH U3 1ENIeBBIX TPYIII.

K Tomy ’xe, IIaHBl 3TH JOJDKHBI YYHWTBHIBATH KaphepHBIE IIyTH
COTPYAHUKOB W 3HAHHUA, YMEHHUS U HABBIKHM, KOTOPBIMH BEPOITHO
JIIOJTU yXKe 00J1agaroT.

C oTOoif menp0 MBI HPOBOJUM OLEHKY KOMIICTEHIIHH, YxKe
UMCIOOINXCA Yy COTPYAHHUKOB KOMIIAHMHM Ha )IaHHBIﬁ MOMCHT,
AHATIU3UPYEM KapbEPHBIC ITYTU COTPYAHUKOB, YTO IO3BOJIACT HaM
CIUIAaHUPOBATH Pa3BUTHE MEPCOHANIA HA OBl BIIEPEI.

Jiis 3TOr0 y Hac WMEIOTCS aHKEThl W TECTHl IS OLCHKH
AMCIOIIUXCS Y MEpCOHaja 3HAHWH, YMEHUN W HABBIKOB, a TaKXKe
CXEMBbI JIOTHYECKOH B3aUMOCBS3U TPECHUHI'OB, rac Ka)K}IOﬁ
KOMITETEHIIMM W3 HAIIEro CIHCKAa COMOCTAaBJISIETCS HAbOp KYypCOB,
KOTOpBIE PEKOMEHYEeTCS TPOUTH, YTOOBI MONTYYUTh HEOOXOIUMBIC
3HaHUA, YMCHUA U HaBBIKU.

CxeMaTHYeCKH 3TO MOKHO TIOKa3aTh TaK:

256



MnaHbl 0by4eHma coTPyaHUKOB

7. Yrto paapmie?

A nanbiie, coOCTBEHHO, OOy4YeHHE NEpCOHala M CIeXyomas
UTEpalys - IOBTOP BCEH ONUCAHHOW BBILIE IIOCIENOBATEIBLHOCTU
JTAamoB.

IIpu 3TOM, €cTeCTBEHHO, aBTOMAaTHU3UPOBATh IPOIECC MOXKHO
JIMIIb YaCTUYHO, HO Ja)ke B TEKyLIeM BapUaHTE JaHHAS METOJUKa
MO3BOJISIET paboTaTh C KIMEHTOM Oonee 3¢dekTuBHO. Tem He
MeHee, NPUOPUTETHBIM HAaIllpaBJICHHEM pa3BUTUS METOIUKH HaM
BUANTCS UIMEHHO €€ aBTOMaTH3aIHA.

IIpn pa3paboTke [MaHHOTO TIOAXOAA MBI, KOHEYHO K€,
YUUTHIBAJIM ONBIT, IIOJYYEHHBIA HaMH B Xoae paboTel Haj
ceprudukanueit SEP [2], marepuanst CMMi [3], ITIL [4], a Takxe
Mojenb 3penoctu uHbpacTpykrypel Microsoft [5]. B mporecce
MIPAaKTHYECKOTO TNPUMEHEHHS METOIMKH Mbl OyIeM crapaTbes
WUTEPATUBHO YyJydllaTh €€, TaK YTO KaXAbld HOBBIA KJIMEHT
MIOMOXET HaM CZeJaTh Halll oaxo. Oosee 3h(HEeKTHBHBIM.

8. 3akurouenme

W nakonen, BHenpeHHe. B stHBape 3TOro rojia Mbel PHCKHYIH
MIO9KCIIEPUMEHTHPOBATh B BBINICONMCAHHOM CTWJIE C JIByMsl W3
HAIMX KPYIHBIX KOPIIOPATUBHBIX KINEHTOB.

[Tpudem, 0coOBIX MOANOIHUTEIBHBIX 3aTpaT Ha pPa3padoOTKy
WHCTPYMEHTOB  Takoro aHajiu3a y Hac He Obulo —
yIOBOJILCTBOBAIICH co3aanueM HecnoxHbix InfoPath-dopm.

W pesynbraThl NpEeB3OLUIM BCE OXUAAHHS — IMPUMEHEHHE
METOJUKH IO3BOJIMIIO MOBBICUTH MPOJAXKH TPEHUHIOB, MOJHSJIACH
JIOSUTBHOCTh ~ HAIIMX ~ KJIWEeHTOB, BbIpoc ux CS (ypoBeHb
YIOBIETBOPEHHOCTH), MPO MOIIHEUITHI K€ MAapKETUHTOBBIN
s dexT, mymaercs, naxxe ¥ TOBOPUTH HE CTOMT.
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Koneuno, omucaHHBII TOAXOJ OAJIEKO HE COBEPIICHEH, HO
MOCJIe HEKOTOPOH TOpabOTKM MBI IUIAHHPYEM HadaTh MPUMEHSTH
€ro U BCeX HAIIMX KIMEHTOB. B KOHIIE-KOHIIOB, BEITOY OT 3TOTO
MoJIyyar Bce...
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APXHUTEKTYpa BbICOKONPOU3BOIUTEIbHBIX Web-
NMPUJI0KEHU .

KosaJsieBckuii Biaragumup Asnexcanaposuy
PykoBoaurens oraena pa3padloTku KOMIIAHUU
«Munanop» (WMJ.RU)
email:ikikl@yandex.ru

Abstract

In the modern world of internet and web-applications there
are a lot of typical solutions for your brand new web-site, but still if
you want to have a serious internet business with a great traffic load
and huge page views counters, you have to collaborate with a
software development team, if it is so and you’ve made the
decision, text below is for you and for your team.

It is very important to get together three parts in order to
draw a good and fast web-application. Here they are: simple and
flexible architecture design, interactive cache system, high-
performed database with not complicated queries. My idea is not of
any original kind, these three points are spread into a complex
project and experience of creating fast and interactive web-
application (talking about 100.000 - 1.000.000 unique users
generating up to 700.000 — 6.000.000 views, according to our stress
tests®).

So first of all we’ve hit the design and choosing right level
of abstraction was very important, because at this stage we have to
decide how deep our database structure will be “denormalized “, and
how much CPU time will be lost forming and counting on an
inheritance, object mapping, abstraction and other “perfect” object
oriented design features.

Next we have to draw a simple cache system with objects
and queries support. It is very important to determine how to cache
queries, how to store there an objects and of course how to organize
links between objects and queries. OR mapping principals helped us
to clarify the situation and had connected our “perfect” object model
to a data storage.

* Web server — HP Proliant 3.2 Ghz (Dual Core), 4GB RAM; SQL Server HP
Proliant 2.7 Ghz (Dual Core), 8 GB RAM.
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The last step was to make fast database architecture. It was
simple: well-organized automated archive and consolidated tables
(that include data from many others) solved the problem.

The experience of our team gives a key how build a high-
performed web system; design production, cache structure and data
storage concepts are shown after this small abstract part.

Keywords: Web-application; Cache system; Design concept; High
performance; Software development.
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Yactp 1. Iuzaiin.

B pmaHHOM dYacTM MBI HE paccMaTpUBaeM KOHKPETHBIE
npuMepsl au3aiiHa, a ngaéMm oOImue PEeKOMEHIAMH W CTPOMM
KOHLENIMIO TOT0, KakK MPOEKTUPOBATh CHUCTEMY TakK, YTOOBI OHa
ObL1a OBICTPOIL, pacIIMPsIeMON M HEMHOT'O TTOJIIEPIKIUBAEMO.

YpoBHH  alGCTpakuMM ¥ OCHOBHbIe  IIAGJOHBI
MPOEKTHPOBAHMS JIJIsI IPOU3BOAMTEIbHBIX WED - mpuioxeHuii.

OueBuaHO, uTO JIFO60E WED-TIpIIOKEHHE B KOHEYHOM HTOTE,
HE33aBUCHMO OT KJIMEHTCKOM M CEpBEpHOM dacTel SBJsETCS Mmapoi
3a1poc-0TBeT, 00MEH KOTOPBIMH MTPOUCXOIUT 10 TipoTokory HTTP,
B 3aroJIOBKE KOTOPOTO MEPENAIOTCs HEKOTOPhIE NEPEMEHHBIE, a B
Tese AaHHble. T.e. B JTaHHOM Ciydae ILIENecoOoOpa3HO BBECTH
HeKoTopoe abcTpakTHoe moHATHE KOHTEHT (CIOBO mHpHIUIIO U3
cepbl NeaTebHOCTH KOHTEHT-MEHEDKEPOB) — TO € 4eM padoTaer
HallCe MNOPUIOKCHUE, OTHpaBJidAd 3alpoC WKW IOoJydasd OTBET OT
cepBepa.

JlBa 1pyrux TMOHATHS, KOTOpble MBI BBeOEM, OynyT
XapaKTepru3oBaTh MNO3ULWI0O WKW KOOPpAWHATBHI HAIIETOo Konrenra
OTHOCHTEIILHO BCEro 00bEMa NaHHBIX, C KOTOPHIM paboTaeT HaIle
npwiokenne — PyOpukarop u ['pymnma. DTu MOHATHS MPEACTABISIOT
co0O# 7Be APEBOBHIHBIE CTPYKTYPbl AaHHBIX. Takum oOpazom,
KonreHnT Bcernma «pacmosiaraercsi» B HEKoTopoM PyOpukarope n
BXOJWT B abcTpakTHyto ['pymy (pucyHok 1).

Cuer-parypa
\

e

Fpynna . PyGpukarop I
e /l\ =

Pucynok 7 (Ilono:xenne Konrenra)
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OTH Ha NEepBbIH B3MIAA OOIIME WM Pa3MBITHIE ITOHATHS MOTYT
UMETh SBHOE IIPaKTHYECKOE NPHMEHEHHe, HampuMmep ¢ HX
MOMOIIBIO MBI MOXEM OCYIIECTBITh IIPOCTYI0 HAaBUTALUIO B
HalleM NPHI0KSHUH:

http://momen.ru/py6pukatop 1 /py6pruKaTop2/KIrYeBOECIOBO/TPY
mmal/rpynma2/uaeHTudUKaTOp KOHTEHTA/TIapaMeTpHL.

HeoOxoauMoCcTh BBeAEGHHS JBYX JPEBOBUAHBIX CTPYKTYp
00BSICHSIETCSI IIPOCTO, HA IPUMEpax:

e ®dororpadus (KoHTeHT), HaXoAWTCS B paszzgenc ABTOMOOWIH

(PyObpukatop) m BxomuT B ampboMm Moit JlamOopmxuHI
(Tpymma).
e Ilmaréxnoe  mopyuerue  (KoHTeHT),  HaxomuTcs B

Byxranrepun(Pyopuxarop) B opuce Teepckas(I'pymma).

MOXHO OOOHTHCh OJHON CTPYKTYpOW, HO paboTaTh C OJHOMN
CTPYKTYpOil Oy/eT Cllo)KHee W MeJJIeHHEH, 4eM C JIByMsi, TaK Kak
YBEJIMUUTCS KOJIMYECTBO YPOBHEH BIOKEHHOCTH, a CIIEI0BAaTEIbHO,
MIPOLIECCOPHOE BpeMsi M HE OyJeT SIBHOTO pa3leNeHUs CYLIIHOCTEH
(Bc€ Oyzmet B onmHOM Kyde). MOXXHO BBOAHTE Ooliee IBYX CTPYKTYD,
HO TOAJEP)KKA M TIOCTPOCHHE TakoW cHcTeMbl Oyzner Ooree
TPOMO3JIKUM U CIIO’KHBIM.

KiroueBbIM  NpPH3HAKOM  INPOM3BOJMTENGHOCTH B JTAHHOM
TIOJXOMEe SIBIAETCS ompeseieHue Tuma cBszeil: Konrenrt-I'pymma,
Kontent-PybpukaTtop, ecim CBS3M OMNpelesieHbl, KaKk MHOTHE-KO-
MHOTHM — MBI TepseéM B  TPOM3BOAMTENBHOCTH  H3-3a
HEOJHO3HAYHOCTH MoJokeHus KoHTeHTa, HO moiydaeM TrHOKOCTb
IIpU ONpEeIeNeHUH pa3Iu4yHbIX TUMOB KoHTeHTa, HampuMep:
nyOmuKanus, aréxHoe Mopy4yeHue, BUAE0, MOTYT HaXOJIUTHCS B
HECKOJIbKUX pPYOpHKaTopax, M BO3HHKaeT Ipobiema BbiOOpa H3
Kakoro uMeHHo PyOpukaropa moiydaTs oJuH U TOT ke KOHTEeHT n
CKOpee BCETo, KaK CIICACTBHE, OyAET HANMCaH JINIIHUHA KOJ ¥ CTAaHET
OllyTUMa TOTEps MPOU3BOAUTENBLHOCTH CHCTEMBI B  LEJIOM.
OrpannumBasi ce0si CBA3IMH  OAMH-KO-MHOrMM  (PyOpmkarop-
KonreHr, I'pynma-KoHTenT) MBI BBIUIPBIBACM B
MIPOU3BOIUTEIHFHOCTH, HO TepsieM T'HOKOCTh CHCTEMBI B IIEJIOM,
BBOJAsS TmoOHATHE YHUKaIbHOCTH KontenTta. Kakoi Tum cBszeit
HCTIOJIB30BaTh BEIOOD 32 BaMH.

Kpome ompenenenns koopanHat KoHnTeHTa, HaM XOTenoch OB
€ro onucarb — BBeAEM Tunm3anuio U OyaeM HCIOJIb30BaTh JaHHOE
MOHATHE, BBIPAXKAsACh S3BIKOM  pa3paboTymka, Kak MeTa
nHpopManuio Ui HaKUX 00bEKTOB, HAacleIHMKOB KoHTeHTa.
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BBeaém B Hamy cucteMmy emi€ OJHO TOHSTHE, BaXXHOE JUIs
MPOU3BOIUTEILHOCTH — Craructuka Konrenra. Yacro s
TIPOCTHIX CTPAHUII U JaXKe UL CTIOXKHBIX, HAM HE HaJl0 UMETh Jelia C
caMrM KOHTEHTOM WM €r0 MacCHBOM, CaM OOBEKT B TOM WJIM HHOM
ClIydae WCIIONB30BAHMSA, COACPKUT Maccy HEHYXHOW B TaHHBIHA
MOMEHT wuH(popMammu, TpeOyromeil BpeMs €O  CTOPOHBHI
MPOIICCCOPOB HAIIUX CEPBEPOB. bynmem coOupath HEOOXOIMMEIC
HaM JlaHHbIE (KOJMYECTBO MPABWJIBHBIX OTBETOB, aHOHCHI, UTOT IO
pacyeTHOMYy  TEepUOAY, KOJMYECTBO KOMMEHTAapueB, YHCIO
COTPYIHUKOB B KOMIIAHMM) B HEKOTOpbIe CTAaTUCTHUYECKUE
CYIIHOCTH, KOTOpPbIC OYJYyT pacroiaratbCsi B CHUCTEME IO TEM XKe
MIPUHITUIIAM U 3aKOHaM, 4yTo U caM Konrtent. Takum oOpa3om, Ham
noctatodHo oOpatutbess k Craructuke KoHTeHTa onwH pa3 u
MTOYYUTh HEOOXOIMMBIH OTBET, YEM OIPAIINBATH BCEX YIACTHHUKOB
Hatero 3amnpoca (Beck MaccuB KonrteHTa).

[omBons wTOT, MBI MOKEM CKa3aTh, YTO TOCTPOWIIH AJISI HAIIeH
«a0CTpakTHOH KOMaHHABD» HEKYI0 Cpeqy, B KOTOpOH eCTh Bce
HEOOXOIUMBIE IS IOCTPOCHUS M Pa3BUTHS apXUTCKTYPhI TCPMIHBL:
Kontent, «koopaunatel Konrtentra (PyOpuxarop, I'pynma),
Tunmzanus, Craructuka KoHTeHTa.

XoTenmoch OBl OTMETHTH, YTO JaHHAsA, JTOCTATOYHO OOIIas
KOHIEMIUS UMeET KOHKPETHOE MPAKTHUECKOEe MPUMEHEHHE:

° CucteMbl myOIMKaui canTa.

e  CMS cucreMsl.

e [lmaréxHble CEPBUCHI.

e  llHTepaKTUBHBIE CEPBUCH! (UTPHI, GOPYMBI, OJIOTH, COIl. CETH) H
T.JI.

A TarkKke SABIETCS 3aJIOrOM POU3BOAUTCIILHOCTH BeO-
TIPUIIOKCHUSA, UCKIIOYas OOJIBIIMHCTBO OLINOOK IMIPOCKTUPOBAHUA,
KOTOPBIC MOT'YT CKa3aTbCd Ha €ro 6BICTp0,Z[CI>'ICTBPIPI.

IIpo6.iemMbl 0e30MaCHOCTH.

BceM mpekpacHO W3BECTHBI IBa METOJA: ayTeHTH(HKAIUsS WU
aBTOpHU3alMs, ISl 3alIMThl OT HECAaHKIIMOHUPOBAHHOI'O JOCTYIIA,
MPOBEPKH TOJJIMHHOCTH © HasHadeHus poisiell. CylmecTByer
OTPOMHOE KOJMYECTBO MOJYJIei, BCTPOEHHBIX B BeO-CEPBEPHI,
obecreunBarONINX JaHHBIH MexaHU3M. MBI CO3HATENBHO HE OynemM
paccMaTpuBaTh TaHHBIA BOMIPOC C ATOH TOYKH 3PEHHS, & 00paTUMCS
K TIOCTPOEHUIO TMOJIUTUK 0€30MacHOCTH W Pa3rPaHUYCHHIO JOCTYIa
K KoHTeHTY ¢ TOUKH 3peHusl CLIEeHapUEB €TI0 UCIOIb30BaHUS.
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[lpy TPOEKTUPOBAHMHM CHCTEM MBI YacTO CTAJKHBAacMCs C
MPOOJIEMOI MTOBTOPSIFOLIMXCS THUIIOBBIX OICPAIMil, HAKIIAABIBAHHS
OJTHHX U TeX e (HUIBTPOB, ONMPEACICHHUS MPABUI B3AUMOICHCTBHS
MeXITy oObekTaMu. B obmem cirydae Bce 3TH ACWCTBUS MOXKHO
OTIPEICTUTh, KK TOJIMTHKH, HATIPUMEP:

e [loka3bIBaTh TOJBKO aKTyaNbHbIH KOHTEHT.

e [loka3bIBaTh CKPBITHIH, ynanéHHbIil KoHTeHT.
e Jloka3bpiBaTh KOHTEHT, TONBKO €ro BilajAeiblLA.

B mocnenHeM npuMepe Mbl BUAMM B3aUMOJICHCTBHE TOJTUTUKA U
pomu. Takum 0Opa3om, TOBOPs SI3BIKOM Pa3pabOTUUKA, MBI MOXKEM
cKas3aTh, YTO KaXIbli 00BEKT Hacieguuk oT KoHTeHTa oOmamaer
TEMU HUJIM UHBIMU IOJIUTHUKAMH 6630HaCHOCTI/I n B 06L[IeM cjiy4dae
JAHHBIE TIOJIMTHKH 3aBUCAT OT POJIM IOJIb30BaTENS B CUCTEME.

Ha nmpakrtike, TakoW TOAXOA OTPaXkaeTcss B CO3JAHUU
onpeaenéHHOro MoayJs, «MeHeKepay - ero OCHOBHON (pyHKIue#
OyZIeT SBIATHCS PETHCTPAIMs HOBBIX MOJHTHK M MPUMEHEHHE K
3ampocam yiKe 3aperuCTPUPOBAHHBIX.

CucreMHasi apXUTEKTypa IJia3aMu aAMHHUCTPAaTOpa

Conepxanue JaHHOTO pasjena, OyJgeT HOCHTh CKopee
MIPAaKTHYECKUH OTTEHOK, C IeNbI0 OOOCHOBaTh M IIOMYEPKHYTH
B2)XHOCTh AJIMHHHCTpAaTOpa NPWIOXKEHUS B paMKax MpooieM
0TKa30yCTOWYHMBOCTH U OBICTPOJCHCTBUSI.

Hnst obecniedeHust OBICTPOAEHCTBHS M CTAaOWIBHOCTH HAIIEro
MPUJIOXKEHNUS Ha HECKOJIBKHX CepBepax HaM TOHaZo0uTCS
AIMHMHUCTpATOp, HO HE CHCTEMHBIH, a AJIMHHHCTPaTOp
MIPUIIOKECHHUS.

IIpocToit cuCTeMHBIH AIMHHHCTpAaTOp, Majlo, YTO MOXET
clienaTh MPU HECTaOWIBHON paboTe MNPWIOKEHHS Ha OOJBIINX
Harpy3kax. MakcuMyM, 4Yero OH MOXeT JOOHUTbCcS — 9ITO
JIOTHpOBaHUE OIMOOK M HapallMBaHWE MOIIHOCTH. B ciywae ecnu
TaKOW CHemManucT oOJlaaeT 3HAHUSIMH 00  apXUTEKType
OPUIOKEHUS M, KOTOPOMY  MPEIOCTaBI€Ha  BO3MOXHOCTb
YIPaBJIATh €ro HACTPOHKaMHU, TO OH MOXET 00ecleuuTh TpedyeMble
mapaMeTpsl NMPOCTOM ONTHUMM3ALMEH apXUTEKTYpbl, HACTpPOHKaMu
pacnpeneneHus maMsATH U IpoIeccopHoro Bpemenn. Hampumep:

e  OnTuMH3HPOBaTh CTPYKTYpY pyOpHKaTopa.

o OpFaHI/ISOBaTB NEPEHOC HCAKTYAJIbHbIX JaHHBIX B apXUB.
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e HacTtpoute pacmpeneieHne maMsiITH I pPa3HBIX MOAYJEH
TIPHUIIOKCHHS.

e  VYpaBusaTh MOTUTHKAMHU O0€30TIaCHOCTH.

e Ormpenenars ysI3BUMBIE MeCTa W ONPENENATh  OITHOKH
pa3pabOTYHUKOB H T.JI.

HNMeHHO pacimmpeHne Kpyra HHTEpecoB AIMHHHUCTPATOpPaA, AAET
eMy OoibIlle BO3MOXHOCTEH i TOro, 4ToOB oOecrednBaTh
0TKa30yCTOHYIMBOCTb U IPONU3BOJUTEILHOCTD CHCTEMBI.

ChopmynupyeM ais mpuMepa HECKOJIBKO OOIMIMX, HO KpaiHe
Ba)XKHBIX ISl HAIIEH CHUCTEMBI TPEOOBaHMI, KOTOPHIE MOTYT OBITh
MIPEAOCTaBJICHbI AJMUHHUCTPATOPOM M BKITIOUCHBI B IIPOCKT:

e MoaynbHOCTh — cHCTEMa (TIPHIIOKEHHE) TOJDKHO COCTOSAThH U3
MOJICKCTEM (MOAYJIEH), TAKUM 00pa3oM, YTOOBI BBIXOI U3 CTPOS
OJHOTO K3 HHUX HC HpI/IBéH K OTKa3dy CHUCTEMbI B 1CJIOM U
HapyleHUsIM B paboTe gpa.

e VYTeuka pecypcoB — NpU CTAaOWIBHON HArpy3ke U MOCTOSHHOM
cpeaHecyTouHOM Tpaduke, cucrema (IPUIIOKEHHUE) HOJDKHA
3aHUMAaTh HEU3MEHSEMBIH WM MEHbIIUH 00BEM OnepaTUBHON
MaMSTH U TPOLIECCOPHOTO BPEMEHH.

e JlmarHocTHKa - cucreMa (mpunoxxeHue) JOJDKHA
NPEOCTaBIIsAITh  HAaboOp  CpeiCTB, JJsl  JMAarHOCTHKA U
YIIPaBJICHUS.

Yacrs 2. KamunpoBanmue.

B maHHOIt 4acTH MBI 3aTPOHEM BOIPOC O OydepH3aluy JaHHBIX,
pPaccMOTpUM pa3IMYHBIC YPOBHH KJIIMPOBAHHSA OT XPaHMIAIIA
nauseix 10 html Béperkm.

Tpu ypoBHSI K3LIUPOBAHMS.

[IpencraBuM, 4TO MBI MOCTPOMIM HEKOTOPHIH oOpasen Hamel
cuctembl. [IycTh 3T0 OyaeT mpocras cucteMa MmyOJIMKAIuid — HeKHid
nHbOpManMOHHBIA  mopTain. OtmaguMm  Hame  TPHIIOXKEHHE
AJMUHHCTpAaTOpYy ¥ TOJYy4MM ero oOpaTHO € JHMarHo3oM —
HEY/IOBJICTBOPHUTENBHBIE CcTpecc TecThl. JleficTBUTENbHO, pazdupas
rpaduky, MBI BUIUM TMOJHYIO 3arpy3ky CPU xpaHununia 1aHHBIX U
«IIPOCTOI», MPAKTUUECKU HE 3arpy>KEHHBIN IPOLIECCOP CEPBEPOB
MIPUIIOKEHHUS.

Peuienrie 04eBHIHO — HCMOJB3YHTE K3IIMPOBAHUE, HO KaKoe,
Kak, ¥ KOT/Ia OHO YMECTHO, a KOTJa HEeT?
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Jast Toro yTOOBI IOHATH W pa300parThCst B JaHHOM npobiieme, a
TJIABHOE MPEMJIOKHTh pa3pabOTUMKaM aJEKBAaTHOE pEIICHUE,
JlaBaliTe MBICJIICHHO Pa3feiINM JaHHbIC, KOTOPBIMH OIEPHPYET HAIle
MIPWIOXKCHNE, HAa JIBE YaCTH: CTaTHYHBIE (peAKo OOHOBISEMBIE) H
WHTEpaKTHBHEIC (TpeOyromue OOHOBICHHS B TEUECHHE BPEMEHU —
«UHTEPaKTHBa»). A ¢ IOPYrodl CTOPOHBI BBEIEM KATETOPHUIO HX
NIpe/ACTaBICHUIT: OIN3K0 K MHTepdelcy (JacTo 3ampaiinBaeMble) U
JajeKko oT uHrepdeiica (peaKo 3anpaniuBacmele).

PaccMoTpuM  mepeceyeHuMe  OTHX  JIBYX,  BBIMBIIIIEHHBIX
KaTeropui:

e CrarnuHble JaHHBIe, Onmu3kue Kk uHTEpdeiicy (Hooctm Ha
caite).

e CraruuHble JaHHBIC, TaJeKue OT HHTepdeiica (ApXHUB JaHHBIX).

e  UHTepakTuB Omm3kuii k naTEpdeiicy (CepBuch, Gopym, Oor).

e  lHTepakTuB manékuii otT uHTEpdeiica (CTaTUCTHKA, pEHTHHTH).

W3 mpencraBieHHOro mnepeceyeHus BUJIHO, YTO B HEKOTOPBIX
ClTy4asix K3IUIMPOBAHUE JOJDKHO BBIIOIHATHCS MAaKCHMAIBHO OJIM3KO
K BeO-cepBepy — wommpyercs cama Bépctka (HTML xon
cTpaHupl), HanpuMep Hosoctu. B nmpyrom ciydae, x3mmpoBath
JMyqnie OOBEKTHI, TaM € M3MEHATh HMX. VoM BOBCce K3IIMPOBAaTh
TOJIBKO pe3yNbTaThl (KIIOYM 3ampoca), a OOBEKTHl KaxIbIH pa3
Opate M3 XpaHWIHIIa. MBI BHIUM, YTO CLEHApPHEB MOXXET OBITH
OTPOMHOE KOJIMUECTBO, HO B KaXIOM Cllydae Mbl MCIOJIB3YEM TOT
iy uHOHM Kaur: Kamr ¢ BEpCTKOM, K31 00BEKTOB MITH K3III KITFOYEH.

OObekT, rOBOpsi MeradopaMu, COBEPIIACT IYTEIICCTBHE
(Pucynok 2) B Hamieil cucreMe M3 XpaHWJIHMIIA TaHHBIX, 4epes
YPOBHH K314, K MOJb30BATEIbCKOMY MHTEp(ENcy u oOpaTHO, TeM
caMbIM pacHpenelsisi Harpy3Ky MeXJy CepBepaMu IPHIJIOKEHHUS U
XPaHWINIIEM JaHHBIX.
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<<Xew Tabnuua=>>
Kew ana HTML sépcTrn

<<KOoHTEHT=>>

<=Xew Tabnuua=>
Kew obvekros

<<KoHTEHT=>>

=<=Xew Tabnuua=>
Kew knroven

Pucynok 8 (O0beKT B K3IIIE)

Hpel]CTaBJ'leHﬂe 0o0beKTa B KIIIIe.
Hpe[[HOJ'IO)KI/IM, YTO OCHOBHAd Harpyska HALICTO IMPHUIIOKCHUA

npuagTcs Ha K3 OOBEKTOB, KOTOPBIE MBI OyneM IojydaTh W3
XpaHWINILA TI0 KJII0YaM 3arpoca, KOTOPBIH B CBOIO o4epe]b Oyaer
HaXOJUTHCS B KAIIIE KITFOYEH.

B obmiem ciyuae k3m OOBEKTOB MOXKET COAEpKaTh JoObIe
00BEKTHI, JII000r0 THIIA W TOrJa BBIYUCICHUH, CBS3aHHBIX C
OIIpe/IeNICHUEM THIIa ¥ IIPHBEICHUEM K TUITy He H30eXaTb, a TaKkxKe
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UCTIONb30BaHNE OOBEKTAa BHYTPH SApa CUCTEMBI OynmeT KpaiiHe
3aTpyJHATEIBHBIM, MBI IONPOCTY HE 3HAEM, C YeM paboTaeM.

[lyctes 3m OynmeT OMHOPOIHBIM, T.€. BCE OOBEKTHI B KOIIE
AMIUIEMEHTHPYIOT HeKuid oOmmi uHTepdeic, Torma MHOTHUX
mpobieM, BO3MOXKHO, MBI H30€XHM, Tak Kak MBI 3apaHee
JOTOBOPWJINCH C ONPENCIICHHEM B3aUMOACHCTBUSI OOBEKTOB C
K3IIEM U SPOM.

OTO0 TmpocToe, HAa MOW B3IIAL, KpaifHE Ba)KHOE MPABHIIO
CYIIECTBEHHO  yNpPOINAeT  IIOHMMAaHWE  CHCTEMBI H €&
MIPOEKTUPOBAHKE, & TAK)KE ITOJIOKUTENILHO BIIMSET HAa HAIIU CTPECC
TCCThI.

K>mupyem 3anpoc.

Wrak, Kak Mbl BBISICHUIIM, BCE OOBEKTHI HAXOJATCS B KAIIIE, U BCE
OHU MMIUIEMEHTHPYIOT HeKHi uHTepdeiic. OCHOBHAs 3aj1a4a 3TOTO
uHTepdeiica — NperoCTaBUTh YHUKAIBHBIN HICHTH(OUKATOP 00bEKTa
IUIsL OIHO3HAYHOTO ONpEIEICHHsI ero IMOJIOXKCHHS B K3IIe, TaKUM
00pa3oM, m30erast H3OBITOYHOTO CKAHUPOBAHHE BCEX OOBEKTOB.

[TycTh pe3ynbTaToOM HAIIETO MPOU3BOIBLHOTO 3aIpoca K JaHHBIM
Bcerna OyieT HeKOTOPbId Habop KIFoYeH, 0 KOTOPOMY MBI CMOXKEM
NOJNyYHTh HamM OOBeKThl. Torma, co3maBas KA3II KIFOYEH, MBI
ocBoOOX1aeM cUCTEeMY OT OOpallleHHs K JaHHbIM B TOM cCiyyae,
€CIIM 3aIPOChI OJIMHAKOBBIE.

K>mupyem Bépcrky.

B HekoTOphIX cCilyyasX JaHHBIE PACIOJIOXKEHbl HACTOJIBKO
0su3K0 K HHTEp(EHCy U JOCTATOYHO CTATUYHBI, YTO Y HAC OTIAJACT
HEOOXOIUMOCTh B HANHYNH 00BEKTa. B Takumx ciydasx Mbl Oyaem
K3IIUPOBATh pe3ysbTat hitp 3anpoca nim Kaky-To €ro 4acThb.

D710 peanu3oBaHO Ha MHOTHX WeDb-cepBepax, HO eciu MbI
BBEIEM 3aBUCHMOCTb KdII BEPCTKM OT KdIIa OOBEKTOB, TO
TEOPETHYECKH MBI CMOXKEM He KOHTPOJIMPOBATh 00Jiee ITOT ypOBEHb
KkommpoBanus. OObEKTsl caMu OynyT pemarb, K3IIMPOBaTh OTBET
cepBepa WK HeT.

Xortenoch OBl OTMCTHUTD, qTOo CUHXPOHU3AIUA MOXET
IPOUCXOAUTHb HE TOJIBKO IO BEPTUKAJIMU KiImIa, T.C. OT YPOBHA K
YPOBHIO, HO U 110 TOPHU30HTAIH:

Jomyctum, okosio 100.000 momnp3oBarenei paboTaloT ¢ HEKUM
CEepPBUCOM, KOTOPBIM TMPENOCTABIACT WM JIMYHBIA KaOWMHET ¢
¢doroampboMoM. Kaxnplii mONBE30BaTENh pelIacT MOKA3bIBATh MY
(hOoTO OCTANTFHBIM, WIIM KAKUM I0JIb30BATEIISIM ITOKA3bIBATh, 4 KAKHM
HeT. B Hamem ciydae Takas 3amava CBeIETCS K CHHXPOHH3ALMU
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KOIICH IS pa3HBIX MOJIb30BATEICH, YTO U OYIET B HAIIMX TEPMUHAX
CHHXPOHM3AIHEH 10 TOPU3OHTAIIH.

OR mapping.

Ji1st Toro yTOOBI NEPEHTH OT AAHHBIX K 00BEKTaM U 00paTHO
Oynem ucmonb3oBath noaxon OR mapping. Ilycts B Hamei
cucreme OyJieT HeKHI peecTp, CBA3YIOIIEe 3BEHO MEXY YPOBHAMHU
K314, apXUTEKTYPHOH KOHIleNIMel U faHHbIMU. J[o6aBUM B 3TOT
peecTp CBS3M MEXIy 00BbEKTaMHU U OMHCAHHUE TTOJUTHK
Oe3omacHoctu. B pe3ynabpraTe MbI MOJIy4UM MOLTHBIH HHCTPYMEHT
JUIS aAMUHUCTPUPOBAHUS CUCTEMBI, YIIPaBJICHUS TU3aiiHOM
CUCTEMBI U «IIEPEXOAHUK» MEK/Ty 3alIPOCAMH K OOBEKTY U
3arpocamMHy K JaHHBIM.

TakuM MoIX010M MBI 0OeCTIeYnBacM IPO3PaIHOCTh
TIPWIIOKEHUS IS pa3paOb0TINKOB, MPOCTOTY TIOHUMAHUS IS
aZIMHHUCTPATOPA CHCTEMBI, YMEHBIIIAEM BpeMsI pa3pabOTKH 1
IIPOEKTUPOBAHUSA. JIOMOIHUB JaHHBIM PeecTp BU3yalIbHBIM
pEenaKkTOpOM U FeHepaTopoM KO, Mbl YCIEITHO CMOKEM
nmmaeMenTuposatb MDA noaxon kK coO3gaHuo MPHIIOKEHUS

BaxxHBIM pe3ynbTaToM IpoJeNaHHONH HaMH PaOOTHI SIBIISETCS
00001IeHne Beei cucTeMbl 0e3 MOTepH MPOU3BOIUTEIBHOCTH, YTO,
Ha MOM B3I, BEAET K yCIIeXy IIPOEKTa B LIEJIOM U Hallei
KOMaH/Ib B YaCTHOCTH.

Yactp 3. XpaHuiuie JaHHBIX.

OpraHu3ys XpaHWIMIIE IaHHBIX, B HAIleM CilIy4ae CcilexyeT
OTXOJHUTH OT HOPMAJIBHBIX OPM, HE IIpeHeOperaTh N30BITOYHOCTHIO
JAHHBIX M CTPOUTh MAaKCHMAJBbHO MPOCTHIE 3aMpOCHl. B 3T0M yacTu
MBI CleJlaéM aKIEeHT Ha OOIMMX peKOMeHJauusXx u Oyaem
MaKCHUMalIbHO KpaTku. MTak:

e  Ecim HaM Ha/I0 UCIIOTIB30BATh CIIOKHBIE CTPYKTYPHI,
arperupoBaHHBIC JaHHBIE — CTIOJIB3YEM MPEICTABICHHS U
ompeersieM AN HAX KJIacC B HAIllEM PeecTpe.

e  lcmonp3yeM 3ampockl K 00beKTaM, BMECTO 3a1poca K JaHHBIM
(SQL92) — onu KOpOUE, NOHATHEE U 3aHUMAIOT MEHBIIIE MECTA
B KDIIE KIIOUEH.

e lcmonp3yeM IpOMEKYTOYHBIC TAOJUIBI IS arperaiui
CTaTUCTHUKU U OIIPEJeIIsieM sl HUX KJIacC B peecTpe.
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OOHOBIIEHHS JaHHBIX B TAKUX TAOJIMIIAX JeTaeM
ACHHXPOHHBIMH CEPBUCAMH.

e VYOupaeM He aKTyaJbHBIC JaHHBIEC B apXUBHOE XpaHuaume. Yem
MeEHbIIIE aKTyaslbHast 0a3a TaHHBIX, TEM CHcTeMa OBICTpee OymeT
paboTarts.

e  Ecium MBI 1oBepsieM HaIleMy MPIUIOKEHHIO U QaifiTy peecTpa, a
IJIABHOE TapaHTHPYEM IIETOCTHOCTH JAHHBIX, TO MOXKHO
0TKa3aThCs OT PaOOTHI ¢ BHEITHUMH KITIOYaMH, OHU ITOHIDKAIOT
MIPOU3BOAUTEIBHOCTE OA3bI.

Vicnonp3ys Halll TOAXO/ M KOHIIETIIUI0 MHOTO BPEMEHU TPaTUTh
Ha OpraHM3alMIO JAHHBIX, HE UMeeT cMbiciia. OCHOBHAs (YHKIIMS
06a3pl — XpaHWIMIIE JaHHBIX. A BCIO JIOTHKY MBI Y€
nmmeMeHnTupoBand.  OpHako  KpaHE BaXXHO  CIEIUTH 32
KOPPEKTHOCTBIO ~ 3alpOCOB, MPHU OMIMOOYHOH W  CIUIIKOM
TPOMO3JIKOH apXHUTEKType CHCTEMa MOXKET OYCHb CHIIBHO ITOHU3HUTH
MIPOM3BOUTENBHOCTh XpaHwinina. IlepeuncinuM y3kue Mmecra, Ha
KOTOpBIE CTOUT OOPaTUTh BHUMAaHHE!
e  CBs3u MEXIy OOBEKTaMHU.

e  Pekypcusl.

e  Brluncnsemsle CBOMCTBA.

e  Hu3skue ypOBHHU K3LIMPOBAHUS.

e  OTKpBITHIE 3aIPOCHI K 00BEKTaM (3aIpOChl 0€3 YCIOBHS U
MIOJINTHUK).

BeiBoa

Wrak, MbI BBeNM Takue TepMHUHBI Kak: KoHTeHnt, Py6Gpuxatop,
I'pynma, cBs3M MeXAy OTUMH MOHATHSIMH, TuUIbl KoHTeHTa,
cratucTuka KoHTeHTa, MONMMTUKH O€30MacHOCTH, AJIMUHUCTPATOP
TIPUIIOKEHHUS.

B nomonHeHne K BBIMIENEPEYUCIEHHOMY MBI 3Ha€M CTPYKTYPY
K31l1a U MpaBuia OpraHu3aluy JaHHBIX.

HecomHenHo, KoOHLENUUS, HM3JIOXKEHHass B JaHHOM JOKJaze,
MOXET SIBUTHCS HEKOTOPBIM €IUHBIM TOKYMEHTOM, ONpEIesIeHuEM
JUISL HAaIlled CUCTEMBbI W, ONUPAsCh Ha 3TO OmNpeJlieleHue (KOHEYHO,
pacliMpeHHOe U [JONOJHEHHOE), Mbl MOXXEM MpHUCTyNaTh K
paspaborTke.
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Abstract

Rapidly developing software outsourcing market requires more
and more high level professionals as the time goes. Today many HR
professionals say that the lack of IT specialists in all fields and
companies is growing. The most experts also add that such a state of
things holds back of the industry as a whole. Many developers
complain about lowering quality of young specialists and also about
discrepancy between education programs and real market
requirements. Here you will find the overall analysis and our
suggestions how the named problems can be solved.

Te3ucobl

BypHOo pasBuBarommiicst pBIHOK  Pa3pabOTKH  3aKa3HOTO
MIPOTPaMMHOTO OOECHEUeHUsT C KaXIbIM TOJOM TpeOyeT Bce
OoJbIlice YHMCIO BBICOKOKJIACCHBIX PabOTHHKOB. B coBpeMeHHBIX
YCJIOBUAX MHOTHUE CICHUAJIUCTBI 110 PEKPYTUHTY OTMEYAIOT
Bo3pacTarolyro  HexBatky MT-coTpynHHKOB B pa3iIMuHBIX
KOMIAHMUAX. BOJBIIMHCTBO aHAJIWTUKOB OTMCYACT, 4YTO HOI[O6H8.$[
CuTyanusd SABJISICTCA OAHUM U3 CHACPKUBAIOMIUX (I)aKTopOB JUIA
pa3BuUTHUsI 00/1aCTH B LiesIOM. TakxKe OTMEYaeTcsl, 4TO CYIECTBEHHO
CHU3WJIOCH KAauyeCTBO MOATOTOBKM MOJOABIX CHEIHUAINCTOB, a
CYIIECTBYIOIIME  Y4eOHBIE  IPOTPaMMBI HE  COOTBETCTBYIOT
TpeOoBaHMAM pBIHKA. B Hamelt pabore mpojenaHa MOMBITKA
MIPOAHATU3UPOBATh MPUYMHBI CIIOKUBIICHCS CHUTyallud, a TaKkKe
paccMOTPETh IIYTH UX PELICHUS.

Keywords: IT, HR, questions, answers, problems
1. Baeaenue

[TpoGnembr c MOJITOTOBKOM KBaIM(UINPOBAHHBIX
CHELHUAINCTOB MIMPOKO M3BECTHBI M IOCTOSIHHO OOCYXXIAaroTcsl Ha
pPa3IMYHBIX YPOBHSIX TIOCYIapCTBEHHOM BJIACTH, MPEANPUATHI,
y4eOHbIX 3aBeneHH. OTMedaeTcs, 4TO YpOBEHb 00pa30BaHUS C
KOKIBIM TOJOM ManaeT [4], CTpaHa MOJy4aeT BCE MEHBIIEE YHCIIO
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KBaTM(UIHAPOBAHHBIX KaJapoB, UYTO SBISETCI B CBOIO OuYepenb
CAEP KUBAIOMIAM (PaKTOPOM JIJIsl POCTa SKOHOMHUKH.

Hambomnpiryto 3aMeTHOCTh Takuwe HpOOJIEMBI MPHOOpETaT B
obnactu uHGOpMaIMOHHBIX TexHoyuorui. UT Ha Tekymuid MOMEHT
omHa u3 OypHO pa3BHBaKOUIMXCS  00MacTel  POCCHHCKOM
MPOMBIIIJIEHHOCTH, 37€Chb OCBaWBalOTCSI HOBbIE HMHCTPYMEHTHI,
00JacTH W TEXHOJOrWU. B pe3ynpraTte cucTeMa oOpa3oBaHUS HE
MOCIICBACT 33 TPSOOBAHUSIMH PHIHKA.

[Ipobaema yeyryomnsercs CHIDKAIOIITAMCS YHCIIOM
BEIITYCKAaeMBIX CHenHaIncToB. [Io OIleHKaM HEKOTOPHIX IKCIIEPTOB,
motpebHOCT,  UT-kommammit  Caskt-IletepOypra  cocTtaBiseT
MPUMEPHO IIECTh THICAY UYENOBEK B TOZ, IPH 3TOM YHUCIO
BITyCKAaE€MBIX CIICIIHAINCTOB COCTABIIIET YUCIIO TTOPSIKA IBYX THICTT
B roa. B pesynbrare MT-KOMIaHUM OLIYINAIOT KaJAPOBBIA «TOJIOI»
[1], 3amemstromuii JanmpHEeHIee pa3BUTHAE OOJIACTH B IIEIIOM.

2. Urto TpedyeT pHIHOK

Jo HemaBHero BpeMeHH KommaHusM WT-cextopa TpebGopammchk
TOTOBBIE CIIEIUAJIHCTHI, C OIBITOM Pa0OTHI, KOTOPBIX MOXKHO OBICTPO
MOJKIIOUYNTh K PeIIeHHI0 TPOM3BOACTBEHHBIX 3amad. OTcrona
MIPOHCTEKAeT TpeOOBAaHNE 3HAHWE COBPEMEHHBIX IIAT(OPM, S3BIKOB
IIPOrpaMMHPOBAHMUS, a TaK e HHCTPYMEHTAIbHBIX CPEACTB.

IIpn »TOoM pasHOOOpa3ue crennalbHOCTEH BOCTPEOOBAHHBIX
PBIHKOM JOCTAaTOYHO HIMPOKO 3TO OM3HEC M CHCTEMHBIEC aHATUTHKH,
WH)KEHEPBl 1O  TECTHPOBAaHUIO, CHCTEMHBIE  HHTErPaTOpBI,
aJIMHHUCTPATOPBI, KOHUTYPATOPBI, YIIPABICHI[bI, MAPKETOJIOTH U T.
1. OnHaKo BO «BHEUIHEM» MHUPE CYILECTBYET 4eTKOe 3a0iIy’KIeHuE,
gto B WT pabortaioT TONbKO mporpaMMmucThl.  CHHCOK
CHELUAIBHOCTEN [OBOJBHO ILIMPOK, IPU 3TOM €IlIE CYLIECTBYET
pa3zeneHne Mo TEXHOJIOTHSAM, B pe3yibTaTe CIEKTP emie OojbIie
pacupsiercsl.

I[Io HEKOTOpBIM OLEHKAM HENOCPEACTBEHHO IPOrpaMMHCTBI
COCTaBIISIIOT TOJIBKO ITIOJIOBUHY OT OOILETo 4YHCia BOCTPEOOBaHHBIX
crenuanucToB.  JIOJDKHOCTHBIE — OOS3aHHOCTH — IIPOTPAMMHECTOB
JIOBOJIFHO IIHUPOKM M KPOME HENOCPEACTBEHHO KOAMPOBAHUS
BKJIIOYAlOT B ce0s pa3pabOTKy apXUTEKTYpbl, IUIATPOPMEHHOTO
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pEILICHUsS, BBIICIICHHE NPOrPaMMHBIX MOIYJIEH M HMHTETPAIIHOHHBIX
MPWIOKECHNH, MOAAEPKKY WX pabOTBl M JaXe MPOrpaMMHOE
CONPOBOXIAEHUE MpoeKkTa. Kpome 3TOro mnpencraBUTeNn IJaHHOH
npodeccud  OTBETCTBEHHBl 32  COCTABJIEHHE  TEXHHYECKOM
JOKyMEHTAIMU MO0 pa3pabOoTaHHOMY MPOrPaMMHOMY OOECICUSHHUIO
[5].

Hapsiny ¢ onbIToM paboThl HEMaJOBaKHBIM (DaKTOPOM SIBIISETCS
HalMyhe Bblcmiero oOpasoBanusi. HecMoTps Ha  akTHBHOE
BOBJICUCHHE CTYIACHTOB B IIpoIlecC pPa3pabOTKH, 3KCIEPTHI
oTMevaroT, 4ro mnpumepHo 70 % corpynHukoB WT-kommaHuit
HUMEIOT BBICIIEE 00pa3oBaHME, NPHYEM OONBIIYyI0 YacTh W3 HHUX
COCTABISIIOT CIIENMANNCTBI M MarucTpbl. Jlomst OakamaBpoB
BBIITyCKHUKOB TEXHHKYMOB, KOTOpPBHIE, II0 MHEHHIO aBTOPOB H
JOJDKHBI COCTaBJIATh OCHOBHYIO YacThb KOJUICKTHBA, OTHOCHTEIBEHO
Maja M IO HEKOTOPbIM OLEHKaMm coctaBisier or 10 go 15
IIPOIICHTOB.

BonbmnHcTBO KpynHbIX MT-kOMNaHuil ye OaBHO OTOLLIO OT
«HAKOJICHHO» COOPKM MPOJYKTOB K MPOLIECCHOMY IPOHU3BOICTBY.
Ilpu 5TOM KOMIIAaHMHM, KaK IPAaBUIIO, MPOXOIAT CEPTHHUKALHMIO
mporiecca  NMPOM3BOACTBA  HAa  COOTBETCTBHE  NPU3HAHHBIM
MEXJIyHapOAHBIM CTaHAApPTaM. OTO CIOCOOCTBYET HPUBICUCHHIO
HOBBIX 3apYO€XKHBIX 3aKa34MKOB. HeKoTopbele KOMIIAHMN aKTHBHO
BHEJIPSAIOT HOBEHIIME TEXHOJIOTHH TIPOM3BOJCTBA IPOTrPAMMHOTO
oOecrieueHus1, TO3BOJISIIONINE UM 3aHUMATh JIMANPYIONINE MO3UINH
Ha peiHKe. Kak cieacTBue JONONHUTENBbHOE TpeOOBaHHWE K
MOTEHUMAIbHEIM ~ pabOTHMKaM  —  3HaHWE  COBPEMEHHBIX
METOJIOJIOTUH  TPOM3BOACTBA  NIPOTPAaMMHOIO  oOecledeHus,
[IOHNMaHWe >KU3HEHHOI'0 IMKJIA TIPOTPaMMHOIO oOecredeHus,
yOpaBiIeHUS  TpeOOBaHWSAMM, H3MEHEHHSMH, IUIAHHUPOBAHUSA,
YIpaBJICHUS PUCKAMH U TaK JaJee.

Jis KOMITaHW# 3aHIMAIOIINXCS TIPOU3BOJCTBOM HPOTPAMMHOIO
obecrieueHns Ha 3aKa3, BaXHBIM (DaKTOPOM SIBISETCS CBOOOIHOE
BIIaJICHUE WHOCTPAHHBIM S3bIKOM, IPEUMYIIECTBEHHO AHTIUIICKUM
[3].

Takxe He MaJOBa)KHBIM MOMEHTOM SIBISIIOTCA 3apIlaTHBIE
OKHJIaHWSI KaHJUJIaTOB, OCOOCHHO 3TO OTHOCHTCS K CIELHUaINCTaM
6e3 ombita paboThl. ABTOpaM HE pa3 JOBOAMIOCH OeceloBaTh CO
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CTyAEHTaMH BBICIINX YYEOHBIX 3aBEACHHUH, a TaKke ¢
BBITYCKHUKAMH KOMIBIOTEPHBIX CHEIHAIBHOCTEH TEXHUKYMOB.
VYpoBeHb TaKuX CHEUHUAIICTOB, KaK MPaBHUJIO, HE BBICOK. 3HAHUS B
OCHOBHOM COCPEIOTOUEHBl B YMEHHUU KoxaupoBaTb. I[Ipu 3ToM
3apIUIaTHBIE OKUAAHUSA Ha NEPHUOJ UCITBITATENBHOIO CPOKa y HUX
HaXOJISITCSl HA YPOBHE PAaBHOM HJIM YyTh OOJIBIIEM, YEM Y CPEIHErO
CHelMalIucTa C ONBITOM paboThl He MeHee roja. VHTepecHbIM
SIBISIETCSL TOT (PaKT, YTO MOJOOHBIE CHEIUAIMCTHI, B OOJIBIINHCTBE
ClTydaeB HaXOJAT yIOBJICTBOPSIOIINE UX IO3UIIH.

CoBpemennbli ~ UT-poAyKT  OpPakTHYECKH  HEBO3MOXKHO
MIPOM3BOUTh B OJMHOUYKY, OE3YyCIIOBHO, HAa PBIHKE BCTPEYAIOTCS
MOJ0OHBIE HCKIIIOUCHHMS, OJHAKO, B OONBIIMHCTBE CIIy4acB 3TO
pe3ynpTaT Tpyna KoMaHael moaed. Komanpma mnpexacrasnser
KOJUIEKTHB NMPOQECCHOHATIOB, B3aNMOICHCTBYIOIIHNX APYT C APYTOM,
JUISL TOCTIDKEHWSI OOLIeH IIOCTABIEHHOM LENH, MPU 3TOM YJICHBI
KOMaH[Ibl, KaK MpaBuiIo, 00JIafaloT YHHKAJIbHBIMU HaBbIKaMu. Kak
pe3ynpTaT TOSABISIETCS HOBBIE TpeOoBaHMA K KaHAMgATaM —
yMeHHE paboTaTh B KOJUICKTHBE, OTKPBITOCTh, IpY)KeIro0ue,
CHOCOOHOCTH K OOIEHHIO.

ITonBoas KpaTKUi WUTOT, MOKHO OTMETHUTh, UTO INPHUBEACHHBIN
BBIIIE CITMCOK, HEJIB3S CUMUTATh BCEOOBEMIIOINMM. B HeMm aBTOpHI
TIOTBITATIMCEH TI0Ka3aTh Hamboliee BOCTPEOOBAHHBIE COBPEMEHHBIM
UT-pbIHKOM HaBBIKH U YMEHHSL.

3. Uro mpeasnaraioT By3bl

JaBaliTe mombpITaeMcsi MPOCIENUTh, YTO B  CIIOKHBIIUXCS
YCIIOBUSAX MOTYT MPEJUIOKHUTD BBICIINE YIeOHbIE 3aBE/ICHUSI.

Poccust  TpagMIIMOHHO  cuMTaeTcsl CTPaHOM C  CHJIBHOU
(yHIAMEHTAIIFHOW TOATOTOBKOH. OTO OTMEYAOT BCE, BKIIOYAS
3amaJHeIX MapTHEpOB. B mporecce 00y4deHus BBIMYCKHHUK MMOJTy4aeT
Xopoiryio 0a3y B eCTeCTBEHHBIX HaykaxX. OJHaKO BIIOCIEICTBUU
BBLICHSACTCS, YTO TATHh JIET CICIUANICTAa YYWIH HE TOMY, OBLIO
Hy’)kHO. Ecim mocMoTpeTh ydeOHBIE NPOTPaMMBI COBPEMEHHBIX
CICIHATNCTOB, TO MOXHO OTMETHTh, 4YTO (OKYC JelaeTcs Ha
(yHIaMeHTallbHBIE OOJIACTH, PacCMATPUBAIOTCS 0a30BBIC BEIIH.
Takoii (yHDAMEHT, SBISCTCS HEOOXOIUMBIM YCIOBHEM BBICIIETO

274



o0Opa3oBaHUsL. [o3Bomser BCECTOPOHHE pa3BUTH
MTOITOTABIIMBACMOTO CIICITUAIIICTA, a TAKXKE HAYIUTH €r0 MBICIUTH H
pemaTh 3a1a4u 13 MHUPOKOTO KPyTa.

ITonouTeNbHBIM, 10 MHEHHIO aBTOPOB, SIBJISETCS BBEACHUE B
Poccu nByx crymeHuaToil cuctembl 00pa3oBaHHs, KOTOpPOE
IIPOXOAUT B pamKax «bonoHckoro npoueccay. [Ipeanonaraercs, 4ro
yIKe TI0CiIe YeThIPEX JIET 00pa30BaHUsI HOBOUCIICYEHHbIE OaKaiaBpbl
NPUCTYIAT K TNPO(GECCHOHATIBHOW NEesATEeIbHOCTH, IIPU 3TOM Ha
HEKOTOpOE BpeMs MPEKpaTAT IMpolecc IONy4YEeHHUs BBICIIETO
00pa3oBaHUs, 4YTO TO3BOJHUT IOMOJHUTH PSIABI  MOJOIBIX
CIEIIHATICTOB, BOCTPEOOBAaHHBIX PHIHKOM. B cuiry psioa mpudwH B
OOJIBIIIMHCTBE CITy4aeB, CTYACHTHI IOCIIE TIOTyIeHUs 0aKaIaBpCKOTO
IUITIOMA, TIPOJOJDKAIOT OOYYEeHHE 0 CTENEeHH Marmcrpa. JTO B
HEKOTOPOH CTETIeHH OTTATUBACT WX IIONHOLIEHHOE BOBJIICUCHHE B
TIPOU3BOJICTBCHHBIN TIPOIIECC.

B nocnemHee Bpems B 00jacTH  BBICIIEr0 0Opa3oBaHMs
HaMeyaroTcsl €IUHUYHBIC CIIyYyal COTPYIHHUYECTBA BBICIICH IIKOJIBI
n OM3Heca, MMEIT MECTO CO3[aHue, pa3paboTka W peanu3alus
yu4eOHBIX KypCOB M B HEKOTOPBHIX CIydasX, Jake CO3/aHue
cOOCTBEHHBIX yueOHBIX Kadenp. OIHAKO aHAW3 MOKA3bIBAET, YTO
MOJIOOHBIE 1T OKa3bIBAIOT MAajoe BIHMSHUE HA OTPACib B LIEJIOM.
[HomoOHBIe maru MOTYT IMOMOYb OIPEACICHHOW KOMIIAHUH PEIIUThH
JIOKaJbHBIE KaIpOBBIC MPOOJIEMEI, IIPH 3TOM IPOU3BOAUTEIHEHOCTH
Takux Kadeap BechMa OrpaHHUYCHA.

4. TIpo6JeMsbl 1 BO3MOKHbIE IIYTH HX pPelIeHUs

Kak 00BIUHO CyIIECTBYET JBa YETKUX MYTH PA3BUTHs 00JacTu
WHTEHCUBHBIN U 3KCTEHCUBHBIN. K 3KCTEHCMBHOMY MOYHO OTHECTH
ctpemienne WT-koMmaHWH OTKPBIBATh LEHTPHI Pa3pabOTKH B
peruoHax. DTO 4eM-TO HAIIOMHHAET OTBIT C IETMHHBIMHU 3€MJIISIMHU.
Kak mnpaBuio, BBHIOMpalOTCS yJaJI€HHbIE PETHOHBI C CHJIBHBIM
TEXHHYECKUM 00pa30BaHHEM, pPAa3BUTOW HHQOPACTPYKTYpPOH U
HU3KHMU 3apIDIATHBIMU OXHJAHMSIMHA. [Ipy 3TOoM 0OBUHATH OM3HEC
B IOJIOOHOM IYTH Pa3BUTHS OBUIO OBl HE TPABWIBHO. BO-TepBHIX,
9TO MO3BOJISIET KOMIIAHUSAM BBDKHMBATh B CJIOXKUBILIHXCS YCJIOBHSX,
BO-BTOPHIX, TakuM o00pa3oM, B  pErHOHAX  MOSBISIOTCS
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BBICOKOKJIACCHBIC CIIELHAINCTBl C ONTOM pEalbHBIX IPOEKTOB,
KOTOpBIE, B KOHEYHOM cueTe, OyXyT SIBIATHCS SAPOM Oyaymmx
pa3paboToK.

OpHakKo CTOMT OTMETHTb, YTO PECypChl CTpaHbl He
Oe3rpaHWYHBl M Pa3BUTHE B PErMOHAX HE MOXKET MPOJOJIKATHCS
0OECKOHEYHO, PaHO WJIM MO3JHO BO3HHUKHYT TakHe e MpOOJIEeMBI,
Kakye ObUIM B HayaJIbHBIX IIEHTPax pa3paboTKy.

I[lo wmHeHuio aBTOpOB, g oOpraHuzauuu d(heKTHBHON
MOJITOTOBKM HOBBIX KaJpOB, PEIIAIOUIYI0 POJIb UIpaeT HaJIH4due
3¢ deKTHBHOIN 00paTHOH cBs3u HampaBieHHOU oT UT-kommnanuii, K
YYCHBIM 3aBelieHHAM. B pesymbTaTe Takoro oOmieHHs y4deOHbIC
3aBEfCHHUS JIOJDKHBI YETKO IIPENICTABIATh, CKOJNBKO M KakKhX
CHELHATNCTOB IMOTPeOyeTCs] MPOMBIINIIIEHHOCTH B  ONrpKamiem
OynymeMm. OTo HEOOXOIMMO IJIsl CBOE BPEMEHHOH KOPPEKTHPOBKH
Y4eOHBIX TUTAHOB, OTKPBITHS JONOJHHUTEIBHBIX (DaKyIbTaTHBHBIX
KypcoB. DTO HE CEKpeT, YTO MOCTaHOBKa y4yeOHOro Kypca B By3e B
cpelHeM 3aHUMaeT TPH Ioja. 3a 3TO BpeMs pa3padaTbIBacTCs
IporpamMMa, IOATOTABIMBAETCS HEOOXOAMMBIH  METOAMYECKHH
Marepuai.

CToUT OTMETHTh, YTO B YCIOBMSX, KOTJa Ha MOJATOTOBKY
yu4ebHOTr0 Kypca TpaTUTCA 3HAUYMUTEIBbHOE BpeMs U OBICTPO
MEHSIOMNMCS TPeOOBaHUSAM pPBIHKA, OyIeT CyNIeCTBOBATb pa3phiB
MEXAy 00pa3oBaHHMEM M TPEOOBaHWEM MPEANPUATHH. ABTOPHI HE
BU/IAT B TAaKOM IIOJIOKEHHH JIENl CEpPbe3HBIX mpobiem. Jleno B ToM,
o0Opa3zoBaHNe CIYXHT OTIPaBHOH 0a30ii Ha OCHOBaHWHM, KOTOPOH
CHELHATIICT CTPOUT CBOIO OyaymIyio kapwsepy. [loatomy neranbHoe
M3y4eHHE WHCTPYMEHTOB BpPSI JM BOOOIIE IODKHO BXOAWTH B
aKaJIeMUYECKyl0 MPOrpaMMy, UX 0030p HYXKEH JIHIIb IOCTOJIBKY,
MIOCKOJNIBKY OHHM TIOMOTAIOT OCBAaWBaTh IHCHUIUIMHBI 0OIIEro
xapakrtepa [6].

B Oompmmx ob6beMax MOIDKHO MPOUCXOTUTH COTPYTHHYECTBO
KOMIaHW#H ¢ y4eOHBIMHU 3aBeZieHUsAMH. [Iprduem He Tospko mo MUT-
cnenuaibHOCTIM. Peub uuer ot amBepcUdUKauM TpeOOBaHMH K
HanpasJCHUSM CIENUaIN3alul OyAyIIMX COTPYAHUKOB. OTa
pexoMeHaanust 0asupyeTcs Ha HECKOJbKHX (hakTax. BBITycKHHKH
«KOMITBIOTEPHBIX» Kadenp, Kak NpaBHiIo, 00JaZaloT TaKUM JKe
6a30BbIM 00pa3oBaHMEM, Kak M BBIIYCKHHKHM Kadenp, rue
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KOMIBIOTEPHBIE TEXHOJIOTHH HE ABJSIOTCA podrmupyromumu. [Tpu
stoM Oynymme WT-cmenmammcTsl 007agaloT — MOBBIIICHHBIME
TpeOOBaHUAMH K YPOBHIO KOMITCHCAIlMi 3a CBOH TpyHA, B CHITY
MPUCTAIHOTO BIUSHHUSA PBIHKA. WX KOJIErM ¢ HEmpOQIIbHBIX
Kadenp, B CBOIO oyepenb, O0NaJal0T MEHBUIMMH 3apIlIaTHBIMU
amOursivu. Bpems BBoza B MpoOIECC MPOU3BOJCTBA HOBHUYKOB C
UT-o0pa3oBaHreM HaxXOIUTCS NIPHUMEPHO Ha OJHOM YPOBHE CO
BPEMCHEM HCOOXOIUMBIM JUTS HEMPO(WIBHBIX CICIHATINCTOB 03
orbiTa paboThI.

K choepxuBaromuM (GakTopoM B TaKOW TUBEPCHUPHKAINA
MOXXHO  OTHECTH  OOBIKHOBEHHYIO  OOS3HB  HEMPOQMIEHBIX
CICIMAINCTOB, HE JKEIaHWEe IaKe IMONpPO0OBaTh CBOHM CHIIBI H
mpoiitm  cobeceZjoBaHUE IO «HE3HAKOMOW»  CHEIHAIBHOCTH.
ABTOpaM HE pa3 MNPHUXOIIIOCH HAOMIOZaTh H 00mAartbes Co
CTYICHTAMH Pa3IHYHBIX HE «KOMITBIOTEPHBIX» CHCIHATBHOCTEH,
IpU 3TOM B KayecTBE OCHOBHOTO (aKTopa, CIEepKUBAIOLIETO
crequalIicTa oT nogauu pestome Ha MT-10/KHOCTD, 03BYYMBAIIACH
TaKue apryMEHTHI KaKk — He3HaHHUE MPEAMETHOH 00IacTy.

K mapagokcanbHbM (akTam, CTOUT OTHECTH TO, UYTO B
CIIOKMBIINXCSI ~ YCIOBUSIX ydYeOHbIEe 3aBelCHHs HE CHIIBHO
3aWHTEPECOBaHbl B IOJITOTOBKE CIIEHUAIMCTOB, BOCTPEOOBAHHBIX
peiHKOM. CBSI3aHHO 3TO C HECKOJNBKHUMH NPHYUHAMHU. Bo-IepBbIX,
3aKa3YUKOM 00pa30BATEBHBIX YCIYT SBISCTCS YYAIIUHCS, a BOBCE
He ero Oynymmii paboTtomarens. Bo-BTOpeIX, MoanbuKaIms
Y4eOHBIX TIPOTpaMM H METOIUYECKHX MAaTepPHajoB JIOBOJIBHO
TpyAOeMKas H MENJICHHO pemaemas 3afada. B-TpeThux,
o0Opa3zoBaHue B TOM BHJIE, B KOTOPOM OHO CYLIECTBYET Ha TEKYLIHN
MOMEHT, BIIOJIHE  BOCTPeOOBAaHO M  HET  CYIIECTBEHHBIX
MIPEANOCHITIOK, TI0 KOTOPBIM TpeOOBanoch ObI YTO-TO MEHsTh. [lo
OompIIOMy CUETy BBICIIAS IIKOJIA CEerojHsA paboTaer 1o
9KOHOMHYECKON MOJEIHN, COXPAHUBIIEHCS C COBETCKUX BPEMEH, ITPH
KOTOPOH BCSI OTBETCTBEHHOCTH 3a OOy4YEHHE TEXHHYECKHX KaJpOB
BO3Jlarajach Ha TOCYJapCTBO — KOIO, CKOJIBKO M Kak HYXHO
MOAroTOBUTh. HO paHbIlle TOCYIapCTBO SBISIIOCH H MOTPEOUTENIEM
9THX KaJpOB, ¥ MO3TOMY paboTana oOpaTHasi CBsI3b, HEOOXOIUMAS
JUIL TIOCTOSTHHOTO KOHTPOJISl KadecTBa OOy4YCHHs. A CEroIHS 3Ta
CBsI3b (DaKTUYECKH pazopBaHa [7].
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CTONKHYBIIMCh C HEOOXOIUMOCTBIO IOATOTOBKH KaJpoB
coTBEpHBIC ~KOMITAHUM, MPUCTYNMIA K CaMOCTOSTEIbHOMY
pemieHuIo 1poOsieM. MOXHO BBIIECINTh HECKOJIBKO HAIPaBIICHHH,
0 KOTOpBIM BezeTcs pabora. DTO OpraHu3anus BHYTPEHHHUX
y4eOHBIX KypcoB. BeIrmsauT 310 ciiepyromuM oOpa3oMm, B paMKax
KOMIIAaHMW COTPYJHHMKU IIOJITOTABJIMBAIOT HEKOTOPHIA Yy4eOHBIN
MaTepuas, KOTOPOH BIOCIEACTBUUM B CXKAThleé CPOKHM YHTACTCS
HOBMYKAaM, B  paMKaXx IIOJrOTOBKM WX K  Oyxymien
po)eCCHOHATIBHON JEATEILHOCTH B paHKaX KOMIIAHWH. TaKoi
TIOJIXOJ XOPOIIO 3apEeKOMEHOBAN ce0sl KaKk BPEMEHHOE CPEICTBO B
YCIOBUSIX OCTPOW HEXBaTKM HEOOXOIMMBIX CIICIHAINCTOB. B
paMKax TakOW MOIENH, CIICHUAINCTEl C PEalbHBIM  OIBITOM,
MepefaloT HOBeHmIMe 3HaHWA W HapaboTku B obmactm UT-
npon3BoscTBa. OMHAKO TaKOH MOAXOM PEUIaeT TOJBKO JIOKAIBHYIO
npoOyieMy IMOATOTOBKM KagpoB, Ja M TO BpeMeHHo. [lo MHeHuio
aBTOPOB, MOJOOHBIN MOAXOMA, HEOOXOAWM, HO TOJNBKO B paMKax
IIPOU3BOJICTBEHHOM MTPAKTHUKH, KOTJa TOTEHIAJIBHBIE CTICIIHAIICTHI

MOTYT JINKBUJIUPOBATH paspsiB MEXKIY IIOJIy4E€HHBIM
aKaJeMHUYeCKUM OOpa30BaHHMEM M CYIIECTBYIOIIMMHU PHIHOYHBIMU
peanusaMu.

Taxoxe HC CTOUT 33,6I)IBaTI), 4qTo JUI OpraHmuzanuun
3¢ (QEKTUBHOM ITOJIOTOBKH CIICIHAIUCTOB, COTPYIHHUKH Yy4eOHBIX
3aBelICHUH JOJDKHBI HMMETh JOCTYN K OIBITYy HCIIOJIb30BaHMS
COBPEMEHHBIX  TEXHOJOTMH B  TIpoliecce  MPOM3BOJCTBA
MIpOrpaMMHOTO obecrieueHnsl. B ycnoBusix, Korjga akageMUYecKHe
By3bl HE BEIyT Hay4dHbIE HCCIIEIOBAaHHS B OOJACTIX MPOW3BOJICTBA
UT-npoaykTos, He BO3MOXKHA A PEKTUBHASI OpraHu3alys mpolecca
o0Oyuenus. bonee Toro, yucOHbIC 3aBEICHHUS TAKKE HCIBITHIBAIOT
KaJIpOBbIM TOJIOZ, IO pa3IMYHbIM OLIEHKaM, CpEJHUN BO3pacT
MIPOo(EeCCOPCKOTO TMPENOAaBaTENbCKOTO COCTaBa KomebseTcst oT 37
no 45 ner. Ilpuuem B KadecTBE OCHOBHBIX MPOOJIEM BBIIEISIOT
HU3KUH ypOBEHb OIUIAThl Tpyna, Npenojasareneid. besycioBHo,
Takass npoOiieMa MMEeT MECTO, HEPEAKO BCTPEHaroTCs CUTYaluH,
KOT/Ia CTY/ICHTHI JHEBHOTO O0YUYEeHHS, UMEIOT 3apab0TOK BBIIIIE, YEM
UX MpenojaBaTely, OpU 3TOM Majl0 B YEM YCTYNalOT B 3HAHWUU
COBPEMEHHBIX TEXHOJOTMHA CBOMM MMEHHUTHIM yuutess. [lo MHeHuIO
aBTOpOB, MpoOJyieMa OIUIaThl TpyJa IperojaBarelsieii, 0e3yCclOBHO,
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Ba)XHA M akTyajdbHa, OJHAKO OHA BTOpOCTENEHHa. Pemarts
oT00HBIE TIpoOIEeMBI BOCTIOJTHCHHS pas3pbiBa MEXTY
aKaJeMUYECKUMU 3aBEACHUSMHU u MIPEANPUATUIMU
MPOMBINICHHOCTH, HEOOXOAMMO COBMECTHBIMH ycwiusaMu. J{ns
Hayajla JeATEeJIbHOCTH B 3TOM HAampaBieHHH, N0 MHEHHUIO aBTOPOB
HEO0XOIUMO, YETKO c(hOPMYIUPOBATh TPCOOBAHHS K COBPEMCHHBIM
UT-cneunanucram. Ha Tekymuid MOMEHT 3TO NOJ CHILY TOJBKO
npencraButeniiM  OusHeca.  CPOpMHPOBaTH  KOJHYCCTBEHHYIO
OIICHKY YHCJIa TPeOyEeMBIX CICHUAIMCTOB, a TAKXKE pasfciicHHE UX
o 00JIaCcTAM 3HAHWH M CIEMUATBFHOCTSAM. DTO MO3BOJHT yUeOHBIM
3aBeCHUSAM C(POKYyCHpPOBaTh YCHJIHS Ha MPOOJIEMHBIX OO0NAaCTAX.
[Ipu >TOM Ha TOCTIETHUX KypcaX 00ydeHHs HEOOX0IUMO MIPOBOTUTE
aKTUBHYIO  CICIHMAaiM3aluio  OymymmxX  BEITYCKHUKOB  Ha
MIPOrPAMMHUCTOB, APXUTEKTOPOB, AHAJIUTUKOB, YIPABICHLUEB U T.A.
[Ipu sTOM nmOMKHA MPHCYTCTBOBATH KOMaHAHAs pabora, Koraa
Oyaylue CICIUATUCTHI YYaCTBYIOT B pa3pabOTKe KHUBBIX MPOCKTOB.
B wupgeane nmomkeH CchOPMHUPOBATHCA TOTOBBIA  KOJJICKTHB
Pa3paboTUHKOB.

B TpeGoBaHmsx K KaHAWAAaTaM dYacTO MOXHO BHJIETh
TpeboBaHne Hanmu4yus y couckatenss WT-Z0KHOCTH BBICHIETO
0o0pa3oBaHus. 3a4acTyi0 3TO OOBSCHSICTCS TEM, YTO HAJIHYUC
BEICIIIETO 00pa30BaHUS IOATBEPXKAACT, YTO Yy MOTCHIHAIBHOTO
COTPYIOHHKAa MMEETCS HaBBIK K 00y4eHHto. CTOHT OTMETHUTH, YTO
YMCHHE YYUTCSA, OE3YCIOBHO, BaYKHO B COBPEMEHHBIX YCIIOBHSX,
OJTHAKO, 3TO COBCEM O0003HAYaeT yMEHHE COUCKATENs IMPHMEHSATH
[IOJIyYEHHbIE HABbIKM Ha mpakTuke. B pesynbrare UT-xkomnanuu
caM{ Cpe3aroT YacTh MOTEHIMATbHBIX KaHIUAATOB Ha paboTy.
MupoBoii OIBIT TMOKa3bIBA€T, YTO B OOJBIIMHCTBE 3apyOEKHBIX
KOMITaHWUH COOTHOIIICHHE COTPYIHHUKOB C BBICITUM OOpa30BaHHEM K
YUCITy TIPOYMX COCTABISIET TNPUMEPHO JBAAIATH TPOIEHTOB K
BoChMUecITH. bonee TOro, mMoAroToBKa CHEIMANMCTa C BBICIIAM
00pazoBaHUEM 3TO JIOJITUH U TPYJTOSMKHUH TIpoIiece, a KaJApbl HYKHbBI
yxe ceduac. Ilpouecc MOArOTOBKM HPOrpPaMMHUCTOB HE JOJDKEH
3aHMMaTh MATh JieT. OMNBIT aBTOPOB IMOKAa3bIBa€T U 3TO
MOJITBEPKIACTCS HAONIONCHUSIMUA JIPYTUX CIICIHUAIUCTOB, YTO B
OOJIBIIIMHCTBE BY30B, TOTOBSIIUX IMPOTPAMMHECTOB, CTYJCHTEI,
JOUAS IO OIpPENeNICHHOTO YpPOBHS, OOBIYHO JO TPETHEro Kypca,
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MepecTaroT  IOCeIaTh JIEKIUM, MpeanodnTas pabdoTaTte IO
cnenuanbHOCTH. Kak ciencTtBme — HEHM30SXKHBIH IIPOITYCK
CIeKypcoB. B KkauecTBe OJHOM W3 NPHUYUH IPOIMYCKOB MOXHO
BBIJICIIUTh YPE3MEPHYIO PacTSHYTOCTh CpoKoB oOyuenus [2]. Ilpu
9TOM MOJYYEHHBIX 332 TP roja o0yueHHs 3HAaHWii, BIOJHE XBaTaeT
JUIsL BEJCHUS INPOQECCHOHANBHON ESTENbHOCTH. DTO BOBCE HE
O3HAa4YaeT, 4YTO HEOOXOJMMO COKPaTHTb CPOKH  BBICIIETO
o0OpazoBaHus, Kak 3TO JeJaeTcs B HEKOTOPBIX CTpaHax. ITO
oOepHeTCsl  «ryMaHHTapHOW KkatacTpodoity. B croxumieiics
CUTyalli, 10 MHEHHIO aBTOPOB, CTOMT OOpaTHTh BHHMAaHHE B
CTOPOHY CPEIHHUX TEXHUYECKHX 3aBEICHUH, KOTOpbIE TOTEHIUAIBHO
MOTYT CTaTh Ky3HHLEH KaapoB A1 YU T-IpOMBIIIIEHHOCTH.

OTMedeHHBIE HEJOCTATKH B YPOBHE BIIQJICHUS MHOCTPAaHHBIMU
SI3BIKAMH ~ BO3MOXKHO  PEIINTh, JEUCTBYS IO  HECKOIBKUM
HanpasieHusIM. HeoOXonuMo BCSYECKH CTHMYNIHMpPOBATh M3Y4EHHE
HWHOCTPAHHBIX SA3bIKOB, TaKXeE HCO6XOI[I/IMO AKTUBHO pa3BUBATHb
HaBBIKM  Pa3rOBOpPHOTO  s3plka. CamMoe  HMHTEpecHoe, dTo
3aMHTEPECOBAaHHOCTh €CTh W Yy4eOHbIX 3aBemeHud u B UT-
KOMIIaHUAX.

5. BruIBOABI

Heobxoxnmo BoBiekaTh yd4eOHbIE 3aBeJeHHS B IIpolecc
pa3paboTKW IPOrpaMMHOTO  OOECHEeUCeHHUs, COKpAaIlaTh CPOKH
00y4eHUsI CIIEIMAINCTOB ¥ CHW)KAaTh BXOJHbIE TPeOOBaHMS K HUM.
[Tpu sToM OomnbIIOE BHUMaHNE HEOOXOAMMO YIENSTh OpTraHU3aIlNN
IPaKTUKH B paMKax ydeOHOro mporecca, co cHeluanu3andeil Ha
MOCTIETHUX 3Tanax 00y4eHus.

6. CcbuikHu

[1] «KanmpoBas M T-610kana [lerepOypra mpomomxkaercs //
http://www.cnews.ru/reviews/index.shtml?2008/03/17/292453 1

[2] Haymenko C. Kak BBIpacTUTh apMHIO XOPOLIMX IPOrPAMMUCTOB
U TOAHATH 00beM 3kcmopra [10? Bammig «ot coxm»y  //
Kommnsroreppa. 2005. Ne 4.

280



[3] Barypko O. ®ynnamenTansHas crabunpaOCcTh // CNews. 2008,
Ne 3. C. 102-103.

[4] Aanponosa O. Bropoii mo 3HaUnMOCTH pecype nocie Hedta //
http://www.ci.ru/inform14_04/p_04.htm.

[5] Ckonbko crout IIporpammuct Java B 9 ropogax Poccun //
PeiHOK Tpyna. MHenue skcneptos. http://www.e-
prof.ru/jurnal/rynok_truda_mneniya_ekspertov/programmer_java.ht
m, 29.07.08.

[6] Konecos A. ITonroroBka U T-kaapoB: 4TO MBI XOTHM OT
ayrcopcuHra //
http://www.visual.2000.ru/kolesov/pcweek/2005/50321edu.htm.
[7] Konecor A. Akanemuueckas noaroropka UT-cnennanuctos.
Ects npobnemsr? // PC week. 2004, Ne 32. C. 41.

281



OnpIT NOCTPOEHHS M MCTIOJIb30BAHUS MPAKTHKHA
KOJIMYeCTBEHHOT0 MIPOEKTHOI0 yIPaBJeHusl,
COOTBeTCTBYHIOIIElH TpedoBaHusaM Moaean CMMI v1.2
U COTJIACOBAHHOM ¢ OM3HeC-LeJIAMH OPraHu3aIul

Cranuciaas Kankanosn Hukouaii boikoB
Jwkcodr JIokcodr
MockBa, Poccus Mocksa, Poccust
skalkanov@Iluxoft.com nbykov@Iluxoft.com
Te3ucel

Korma opraHmsamus HaumHAeT peajbHO  HCIOJIH30BATH
KOJIMUECTBEHHOE YyIMpaBJeHHE MPOEKTaMU, COOTBETCTBYIOIIee high
maturity tpeGosanusm Mmomenu CMMI wam korjga opraHuzanuu
HEOOXOUMO KOJMUYSCTBEHHO OICHUTh A(PPEKTUBHOCTH Mpolecca
paspabotku [10 u oTAaYy OT HHBECTULIUN B €T0 pa3BUTHE, OJHUM U3
KIIOYEeBBIX  (aKTOpOB  ycmexa  SIBISETCS  WCIIOJb30BaHMs
MOJXOSIIMX CPEACTB ABTOMATH3aLMM HM3MEPEHHH M CHCTEMBI
Craructinueckoro Ananmm3a u YupasieHus (CAY). DOra cuctema
JOJDKHA aZeKBaTHO YYUTHIBATH OCOOCHHOCTH IPOM3BOJCTBEHHOTO
mpoIriecca OpraHW3aldd, a TaKXKe IO3BOJATh MOJYYaTh JaHHBIC,
HEOOXONWMBIE [UIA pacueTa KOIMYECTBCHHBIX OHW3HEC IIeJiei
OpTraHU3aIHH.

Cucrema CAY xomnanuu JliokcodpT peanu3oBaHa Kak
npunokenne  Microsoft Access. Cucrema UWHTErpupoBaHa ¢
NPUMEHSEMBIMH B TPOEKTaxX  HW3MEPHUTENbHBIMU  (opMamH,
ocHoBaHHBIMH Ha Microsoft Excel u crmenuanu3upoBaHHBIX
W3MEpUTENBHBIX  OmOimorekax. CucTeMa HCIONB3yeTCS  JUIA
HaKOIUICHHs] IPOCKTHBIX U3MEPEHUIl, aHaJIM3a MPOCKTHBIX METPHUK U
NpUYMH WX BapWaldii, aHajgm3a CTaOWIBHOCTH MPOIECCOB
pa3paboTKH, MOATOTOBKH METPHYECKOW OTYETHOCTH Ha YPOBHE
IIPOEKTOB, NPOTPaMM W HPOU3BOJICTBEHHBIX IIEHTPOB, a TaKXKe IS
TIOJIJIEPKKH CTATHCTHYECKUX OeH3IIaiiHOB.

JaHHas mnpe3cHTalUs 3HAKOMUT C OCHOBAaMHU OpTaHHU3aIHU
cucrembl CAY JlrokcopT M paccka3blBaeT, Kak JaHHas cHcTeMa
ucrmonp3yeTcs: st 3PQGEeKTUBHOTO cOopa, aHaM3a MPOEKTHON
CTaTUCTUKH ¥ TOATOTOBKM OTYETHOCTH II0 KOJIMUECTBEHHBIM
HHIUKaTopam mporiecca pazpadbotku I10.

Ipe3eHTalys OTBEYaET HA BOIPOCHI Kak:
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1) obecnieunts cO0p M 0OPAOOTKY CTATUCTHYECKUX AHHBIX JUIS
aHAIlM3a CTATUCTUYECKUX THUIIOTE3 M MOATOTOBKH CTATHCTHYCCKH
3HAYMMBIX HAOOPOB JAHHBIX;

2) BBIYHCIITH KONMYECTBCHHBIC HHAMNKATOPHI M TOTOBUTH
CTaTHCTHYECKHE Oei3NaiiHbl YPOBHS OpraHn3alliiy;

3) rOTOBHUTH CTATHCTHYCCKHE NAHHBIC Ui KOIMYCCTBEHHOTO
YIIPaBJICHHUS B MPOCKTAX.

Keywords: CMMI, konu4ecTBeHHOE yIpaBicHHE IPOCKTaMH,
OW3HeC-IIeIH, METPHKH.
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Practical experience of quantitative project
management practice development and usage to meet
CMMI v1.2 high maturity requirements and
organizational business objectives

Stanislav Kalkanov Nikolay Bykov
Luxoft Luxoft
Moscow, Russia Moscow, Russia
skalkanov@Iluxoft.com nbykov@Iluxoft.com
Abstract

When organization starts its way to high-maturity CMMI levels
or just has strong intention to quantitativly understand software
development process effectiveness and ROl of process improvement
it’s necessary to use appropriate Statistical Process Control tool
aligned both with organizational calture an processes as well as with
organizational business objectives.

Luxofts SPC tool is a MS-Access based application for support
and automation of all SPC-specific activities of. It’s integrated with
Microsoft Excel-based measurement forms used in projects to
collect data, analyze causes of variation, test stability, report on all
levels and maintain statistical baselines.

The presentation will discuss the creation of a Luxoft
proprietary SPC tool and how it is used to collect, analyze and
reporting quantitatively managed indicators the easy way.

It gives an understanding of how:

1) provide statistical data analysis to prove statistical
hypotheses and define statistically proven data sets

2) calculate SPC indicators and generate performance baselines
for the organization

3) prepare statistical data for quantitative project management.

Keywords: CMMI, Hign-Maturity, Measurements and Analysis,
Statistical Process Control, Business Goals.

1. Introduction

When an organization starts to implement CMMI high maturity
practices, especially OPP and QPM, it’s very important to create a
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functional but still easy to use statistical process control support
system. It should be:

flexible to support metrics data collection in
heterogeneous environment;

provide all statistical functionality necessary;

offer good reporting possibilities to provide all necessary
statistical views on the project, program and
organizational levels;

allow to calculate software engineering metrics in a form
aligned with organizational business objectives.

We will address how SPC support system can be established
based on example of Luxoft SPC support tool used for quantitative
management support in Luxoft more than 7 years.

The presentation will elaborate on the tooling side:

How overall measurement & analysis practice including SPC
approach can be establish across the organization

how to establish flexible approach of collecting measurement
results from different projects in one single database

how to select statistically-relevant data and what tests can be
done for that

how to calculate SPC indicators and how to form useable
Process Capability Baselines based on indicators for different
delivery centers as well as for the whole organization

what reports are created for project, program and
organizational levels

how to make statistical reports for the business and marketing
purposes

And on appraisal/CMMI considerations:

how the tool implements selected CMMI high maturity
practices of OPP/QPM
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- how the tool eases the implementation of CMMIs subpractices
to fulfill SEIs raised bar.

2. Measurement & analysis process

Some details on the way Luxoft does measurements and how it
impacts the tool:

Project measurements are made with the help of Luxoft proprietary
tools and libraries as well as standard features of defect tracking
systems like ClearQuest or Jira. All the project measurement are
collected and stored in pre-defines xlIs files. After project is finished,
all the final data come into Luxoft proprietary SPC tool for
statistical analysis. As a result final statistical report for the project
is generated and BeyondPCB (PCB stands for Process Capability
Baseline) statistics set is updated. BeyondPCB set is changed during
the year after every project closure but once in a year BeyondPCB is
baselined. It becomes approved PCB set for the next fiscal year
(both on delivery centers and company-wide levels).

3. SPC tool

Luxoft SPC tool is MS Access based proprietary system for
collecting, analyzing and reporting quantitative project indicators.
From mathematical toolbox point of view it’s based on six sigma
principles. Now the analysis is based on 48 metrics and permits to
have 31 indicators under statistical control.

Detailed SPC tool features:

- Import and storage measurement results for completed
projects/project releases
- Storage of 17 additional “project context” attributes like
delivery center name, project manager(s), project type
(DEV/MNT), technologies (Java/.NET/etc.), business domain,
etc.
- SPC calculations and analysis
o SPC indicator definition
o Measurement statistics for the SPC indicator
definition
o Statistics data quality checks
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»  Visual control of statistics data & SPC
indicator quality
=  Sigma-deviation diagram control
=  Sigma-based tests control
e  Overall status control
e  Primary statistics in anomaly
control
= Moving Rang control
e  Overall status control
e  Primary statistics in anomaly
control
Control of statistical data representativeness
Statistics/data stratification and sub grouping
Statistical data removal based on SPC-criteria
Statistical data removal from non-basis projects set
Statistical data removal due to informal criteria
Boundary values removal
SPC indicator calculation (approx. 15 methods)
SPC indicator normal distribution calculation
SPC indicator critical data ranges calculation
Create report in xIs-format for further visual XmR-
chart analysis
- Process Capability Baseline (PCB) calculations
o SPC indicator value updates in PCB after SPC
calculations
o SPC indicator value updates in beyond-PCB after
SPC calculations
- Typical reports generation
o Strata indicators and their values
Quality of indicators in strata
Projects in basic set of projects
Projects in particular strata
Project parameters (size in SLOCS & FP, duration,
project team size)
- Project quantitative analysis reports
o Set of quantitatively tracked metrics for the project
and their values

O O O OO OO OO0 O0

O
O
O
O
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o Aggregative “business” metrics values (economy,
project effectiveness, product quality, process
quality)

o Cumulative quality of the project

o  Xls documents generation in special template to be
used for as appendices to the project closure report
with statistical analysis results

- Project benchmarking

o  Comparison between project indicators with
corresponding PCB values for the delivery center

o Comparison between project indicators with
corresponding beyondPCB values for the delivery
center

o The same in comparison with company-wide
PCB/beyond PCB

o Comparison with aggregative “business” metrics
values (economy, project effectiveness, product
quality, process quality)

o Comparison with the best historical values

e  Project estimation precision analysis

4. Conclusions

Full featured and aligned with organizational needs Statistical
Process Control tool is essential pre-requisite to buld CMMI high
maturity compliant quantitative project management practice. It
helps to save a lot of money on data collection, processing and
analysis and provide data necessary for quantitative monitoring of
organizationl business objectives.

With current SPC tool it’s possible to support all SPC analysis needs

of 3000+ distributed company. It’s used more than 7 years and
proves it’s efficiency.
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CMMI Appraisal — Cost Control and Extra Business

Benefit
Stanislav Kalkanov Grigory Gusev
Luxoft Luxoft
Moscow, Russia Moscow, Russia

email: SKalkanov@Iluxoft.com email: GGusev@luxoft.com

Abstract

Companies invest much time and resources in CMMI
Appraisals and often get only formal “certificate” for marketing and
sales purposes. Sometimes that “certificate” turns out to be too
expensive to be repaid by business benefits. At the same time, a
company may consciously control the cost of the CMMI Appraisal
as a project and get mutual benefit both from the Appraisal process
and business results. Being thoughtfully organized and planned, the
Appraisal procedure may result in valuable process improvement
opportunities provided by the Appraiser’s external view, and higher
process awareness and culture within the company.

Luxoft has gained a wealth of 7-year experience in SEI CMM,
CMMI v1.1, and CMMI-Dev v1.2 successful Appraisals. The article
summarizes lessons learnt by Luxoft on its way to CMMI excellence
and warns of the typical problems with the first and the following
CMMI Appraisals.

Keywords: CMMI v1.2, CMMI Appraisal, Appraisal Process,
Business Benefit.
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OnbIT onenuBanuii mo moaeau CMMI — kak
COKPATHUTH 3aTPaThl HA OLlEHNBAHHE U MOJYYHTh
JOIOJTHUTEJIbHBIC BBITOABI IJI OU3Heca

CranucaaB Kankanos I'puropuii I'yces
Jwkcodr JIrokcodr
MockBa, Poccust Mocksa, Poccust

email: SKalkanov@Iluxoft.com email: GGusev@luxoft.com
Te3ucobl

OpraHu3anuy 4acTo HECYT HEONpaBIaHHO OOJIbIINE N3AEPIKKU
Ha TOATOTOBKY W MpoBeAeHHe oneHuBanui (Appraisal) mo moxenu
CMMI u npu 3TOM MOJTY4atOT TOJIBKO (POPMAIIBHBIN «CepTUDHKATY,
KOTOPBIM MOTI'YT TOXBacTaTbCs OTAEIbl MapKEeTHHra W TIPOAAXK.
WHorna takod «cepTHU(HKAT» OKA3bIBACTCS CIUIIKOM JOPOTUM H
NPOCTO HE OKymaeTrcs. He MHOrue 3anyMbIBAalOTCS O TOM, 4TO
MOXXHO KOHTpoJupoBath crouMocte CMMI onenuBanmii  kak
MIPOEKTOB, U O TOM, YTO CaMO OIIEHMBAHHE MOXKET CTaTh MOJIE3HBIM
sl Ou3Heca kommnaHuu. [lpuw TIIATENPHOM M NPOJYMaHHOM
IUIAHUPOBAHUMU MPOILEypa OLECHUBAHUS MOXKET OTKPBITH HOBBIC
BO3MOXKHOCTH MO YJITYYIICHHIO IIPONECCOB (HEBUANMBIC H3HYTPH, HO
BU/IUMBIE JUIS BHEIIHETO OLCHINMKA) M MOBBICUTH HPOLECCHYIO
KYJIBTYPY Y IPOLIECCHYIO OCBEIOMIEHHOCTh B KOMITaHHH.

B TeueHne 7mMM Je€T YCHEMIHBIX OLIEHMBAHMH MO MOAEIAM
CMM, CMMI Bepcuu 1.1 u CMMI-Dev Bepcuu 1.2 Jliokcodr
HAKOMMJ GoraTeiImuii OmbIT OpraHU3aIy 3TOro npouecca. JlaHHas
cTatbsg 0000maer TFOKCO(PTOBCKHE YPOKU: THIHYHBIC HPOOIEMBI
nepBoro u mnocienyomux CMMI oneHuBaHuit U nyTH pelieHHs
3THX MpoobIIeM.

Keywords: CMMI
1. Beeaenune

[IpoexT mo MOArOTOBKE M MPOBEACHHUIO OLICHUBAHUS 1O MOJAEIH
CMMI 3aHuMmaeT OT roja JO HECKOJbKHX JIeT U Tpedyer
3HAUUTEJBHBIX JEHEKHBIX 3aTpaT. OCOOEHHO CIIOKHO MPUXOAUTCS
T€M KOMIIaHUSIM, KOTOPBIE BBIMOJIHIIOT TaKOl MPOEKT MEepBHI pas.
Hesnanme cnemuduky OneHWBaHWUS W OTCYTCTBHE  OIIBITa
BBITTOJTHEHHUST TOJOOHBIX TNPOEKTOB MPHUXOAMWTCS KOMIICHCHPOBAThH
CYIIECTBEHHBIM YyBEJMUYCHHEM 3aTpaT CPEIACTB M YBEIHYCHHEM
CPOKOB IOATOTOBKH K OIICHUBAHHIO.
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Kommnanus Luxoft umeer 60sibIioii onbIT mpoBeaeHUS HOPMATBHBIX
u HedopMmanpHeix aymuroB 1o 1SO, CMMI, RUP, Agile-
merozonorusiM. 1o mogernsm CMM/CMMI oneHuBaH#S TPOXOIAT
¢ 2002 roma, u B Hosi0pe 2007 roga KOMITAaHUSI CTaja TEPBOW B
EBpone, mnomyuuBiIel S5-bIid, BBICIIMH YPOBEHb 3PEJIOCTH IO
mocienueit Bepcun — CMMI-DEV v1.2.

OmnbiT, HakomieHHbI ¢ 2002 roma, U O0COOCHHO, MOJYYCHHBIA B
xoze mocnenHero ouneHuBaHus 2007 rona, ABISETCS YHUKAIbHBIM
st Poccun u crpan CHIT 1 momMokeT u30ekaTh THIHMYHBIX OIMIMO0K
U TOJYYUTh JOTOJIHUTEIBHBIC BHITOJBI OT MCIIOJIB30BAHUS MOICIH
CMMI.

IMpu mnpoBeneHun o¢pUIHATLHOrO ollcHuBaHus (appraisal) mo
mozenmn CMMI, momumo momydeHust GopMabHOTO «cepTU(dUKATAY,
0OBIYHO CTaBATCA IEI MHHUMH3AIHA 3aTPaT U MMOTyYCHHS OT ITOH
MIPOIETypPHl TPAKTHYSCKOW IIONB3BI, KaK M OT JII0OOT0 BHEITHETO
ayauTa: TpeIOKEHHH IO YIy4YIICHHIO MpPOIEeCCOB, 3HAHUH O
MEepeZIOBOM OTBITe JAPYIHX OpraHm3andii. B pamkax IDaHHOTO
JIOKITaa OyIeT paCCMOTPEHO, Kak 3TH 3a/1auu pemanich B LUXOft.

2. CMMI B JIwokcodT

Kpatkas ucropus mogenu CMMI B Luxoft:

= 2002 — ouenmBanue mo CMM 4ro ypoBHs

= 2003 - I1epBoe B EBporie oqHOBpeMEHHOE OLICHIBAHUE T10
CMM u CMMI Bepcuu 1.1 Sro ypoBHs

= 2007 — IlepBoe B Erpore ouenuanue no CMMI Bepcun 1.2
5ro ypoBHs

= 2008 — IlepBas u eAMHCTBEHHAS KOMITAHUS — pa3paborunk [10
B ctpanax CHI - opunmansubrii maptaép Software
Engineering Institute(SEI), opranmsaiuun-paspaboTanka
MozesiCMMI.

[Mpoekr CMMI 2007 1o NOAroTOBKE M IPOBEACHHIO OLICHUBAHUS
NPOBOJMJICS KaK BHYTPEHHHIl MPOEKT, CIIOHCHPOBAJICS HA YPOBHE
CEO «xomnanuu, u BbimonHsuics cuinamu llentpa KauectBa u
cepruduumpyemoro  noxapasaenenusi  (Llenrpa  CrennaibHbIX
Paspaborok Aerospace).

Ientp KadectBa ocymiecTBisuT OONIyI0 KOOPAMHAIIMIO TIPOEKTA,
HCKall ¥ BbeIOMpan oduuuaabHOro oueHmmka (Appraiser)
ceprudunmposandoro SEIl, opranusoBan oOmipe TPEHUHTH 10
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mozaenu CMMI, BbImosHsT paboThl MO0 COMpPany-wide npakTHkam u
MPOBOAWJ BHYTPEHHHE ayIWTHL. [pynma pa3BUTHS IIPOLIECCOB
(SEPG) IICP Aerospace BBIMOJHIA pabOTBI MO TPAKTHKAM
MIPOM3BOJICTBEHHOTO IIEHTPA, OTBEYala 33 MOJATOTOBKY HMPOEKTOB U
COTPYIHHKOB  TPOM3BOJCTBEHHOIO  IIGHTpa M  INPOBOAMIA
CHELHATH3UPOBAHHBIC TPEHUHTIH.

N3 cocraBa llentpa KauectBa u I[CP Aerospace Obuia
chopmupoBaHa BHYTpEHHsIs1 KoMaHma ouenku (Appraisal Team) uz
7-MHM 4YeloBEK, KOTOPYIO BO3IJIABISUT BHEIIHHMH OQUIMaNbHBIN
OIICHIIIUK.

[IpenBapuTenbHas MOArOTOBKAa M TPEHWHTH HAYaINCh B JieKabpe
2006 rona, akTiBHas (hasa MOATOTOBKH IPOEKTOB — B Mapte 2007
roga, a opuIMaIbHbIE ayJUTHl C YJacTHEM BHEIIHEro OLCHIIWKA
(SCAMPI C — SCAMPI A) mpoxoaunu € 16 aBrycra mo 16 HosOps
2007 roma. O6mue Tpya03aTpaThl O MPOCKTY COCTABHIIM MOpsAAKa 8
000 uemnoBexo-yacoB. IlosBIeHHE CEPBEIHBIX MPOOIEM YCIEITHO
NIPEAOTBPAIIATIOCh B pPaMKax Ipoliecca YIPaBICHUS PHCKaMH C
YYETOM TPEIBIAYIIETO ONBITA TPOXOXKACHHUS OLECHUBAHUA W
BBINIOJIHEHHUS MOAOOHBIX NPOEKTOB JJIsi CTOPOHHHMX OpraHU3alui,
moIpoOHee 00 ITOM B CICIYIONIEM pa3iee.

3. Ocob0eHHOCTH W OrpaHUYEHHUS MPOEKTA

Kak u mr060it poekrt, mpoekt mo CMMI obmagan psaom ycnosuit u
OrpaHUYEHUH:

=  CpoKH — OIICHHBaHHE HYXKHO OBLITO MpoiiTh 10 KoHIa 2007
roga

=  PacnpeseneHHOCTb MPOEKTa — IPOU3BOJICTBEHHBIN LIEHTP
pacmionaraetcst Ha Tpex Itonankax (Mocksa, Jly6Ha, OMCK)

=  Bromker — Or0KeT JODKEH OBLT OBITh MUHUMI3HPOBAH,
HAaCKOJILKO BO3MOKHO

=  HeB03MOXHOCTh BOCIIOJIB30BaThCS YCIyraMH OIEHIINKA, C
KOTOpBIM KoMmraHus padotana B 2002-2003 rojax B CBsi3H C
BBIXOIOM HOBOM BepcHU MOjeNH 1.2 ¥ HOBBIX MpaBuI
OIICHUBAHMSI

" Ckencuc COTPYAHUKOB Ha MMOYBE€ MOJAHBIX TGHHGHL{I/Iﬁ

MMPUMEHCHUA rHOKUX MeTO}IOJ’[OFI/II\/’I, IMPOTUBOITOCTABIIAIOIINX

ce0ss CMMI
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=  Hannume pabovnx MHCTPYKIMIA HA PYCCKOM SI3BIKE U
HEKOTOPBIX KITFOUEBBIX CIIEIUATNCTOB, HE TOBOPSIINX Ha
AHTIIMHACKOM SI3BIKE.

4. Pemenue npod;eM U OrpaHMYeHHi MPOEKTa

OCOOEHHOCTH W OrPaHWYEHHs IMPOEKTa PEIIATUCH CIIEeIYIOIIUM
CII0CcO00M:

=  lcnonp30BaHUE aBTOMATH3UPOBAHHOW CUCTEMBI YIIPABICHHUS
MOATOTOBKO# K onieHnBaHMi0 - CMMI Tool, xoTopsrii
MO3BOJISIET CIIEyIONIee:

o CTpyKTypHpOBaHHOE XpaHEeHUE TpeOOBaHUI
moaemn CMMI (Process Areas, Goals,
Practices, TWPs)

o MennuHT KOpHOPaTHBHBIX MOJIUTHK U
mra6iionoB (QMS)
o Menmnuar npoekTHbIX aptedaktos (P1ID)

o 3amuch KOMMEHTapHeB, strength, weaknesses

o XpaHeHUEe U aHaIu3 Pe3yIbTaTOB OLEHUBAHUS
IIpumeHeHre aBTOMaTU3UPOBAHHOM CUCTEMBI ITO3BOJIUIIO:

o CYIIIECTBEHHO COKPATUTh BpeMs Ha
moarotoBky T.H. PII MaTpurl ¢ popmamsHeIM
MOATBEPXKJICHUEM COOTBETCTBUSI TPEOOBAHUIM
moaenu CMMI,

o BBITIOJTHATH pa0OThI B pacHpe/IeIEeHHOM
pexnmMe Mexay MockBoi, JlyoHoi 1 OMckoM

o COKPaTHUTh BpEMsI Ha PEBBIO PE3yIIbTaTOB CO
croponsl Lead Appraiser 1 oTpaboTKy ero
3aMe4aHui

o ©oJiee MOJHO U OTIEPATHBHO KOHTPOJIUPOBATH

HPOTrpecc MPOoeKTa

=  Opranmzanus 24x7 on-line noctyna Lead Appraiser kak k
camomy CMMI tool, Tak 1 K 3epKajry IpOEKTHBIX
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pernio3urapues. OTo no3onuio nposectd Readiness Review
0e3 on-site Lead Appraiser u CylIECTBEHHO YBEINYHUBAIIO
ypoBeHs noBepusi Lead Appraiser Kk olleHHBaeMO# KOMITAHHA —
BCE TIIPOEKTHI M BCE padOTHI IO MOATOTOBKE OBLIN MPO3pPayHEI
JUTS OLIEHIUKA. DTO pelIeHNe TakKe CII0COOCTBOBAIIO

3¢ (exTUBHOH opraHm3anuy padboT pacrpeneIeHHOH KOMaHIbI
co cTopoHs! JItokcodT.

Opranu3zanys pacnpeaeneHHON cpeibl s MPOBEACHUS
BuaeokoH(pepeHnuii. Mcnonp3oBanace cuctemMa BUACO- U
aymuokoHdpepernnit JTrokcodT, a Takkxe Webex mis
MIPOBEICHUS JEMOHCTPAINY Ha yIAICHHBIX pabounX MeCTax.
OTO MO3BOJIMIIO BHIITOJHATH BCE HHTEPBBIO U3 OJTHOW OCHOBHOI
JIOKaIuu — MOCKBBI M COKPATUTh BPeMs U CPE/ICTBA Ha
TIepeeTHI.

IMonmynsapuzanus CMMI Mozneny n MOTHBaLIKS COTPYIHUKOB.
Jnst monynsipusanuu aktuBHocTed o CMMI u MoTuBaIuu
COTPYAHHUKOB KOMIIAaHWH UCIIONB30BAINCH CIEAYIOIINE
TEXHUKU:

o Lead Appraiser BeIOupaics He 1Mo MPUHITAILY —
KTO MEHBIIIE CIIPAIIUBAET, a 110 MPUHIUITY —
KTO MOXeT AaTh 00ibimuii 6uszHec value,
MOJICIMBIINCH CBOUM OIBITOM U IOJICKa3aB
ONTHMAJIBHBII BapUAHT peaan3aluu
TpeboBanuii Moxern CMMI ¢ yaeTom OuzHec
Y TEXHOJIOTUYECKUX 0COOEHHOCTEH
KOHKPETHOTO ITPOM3BOICTBEHHOTO IEHTPA.
Oo6menne ¢ Lead Appraiser mo MHEHHIO
OOJIBIIMHCTBA YYaCTHUKOB OBIJIO HHTEPECHBIM
W MIPAKTUYECKH TIOJIE3HBIM, YTO CYIIECTBEHHO
MOJIOKHUTEIBHO OTPA3UIIOCh Ha MOTHBAIIMU
BOBJICUCHHBIX B IIPOEKT COTPYIHHKOB.

o [posenenue brainstorm-os Ha Temy: “nenu
KOMIIaHUY, EPCOHATBHBIE NN, IPAKTUKH
komnanuy, mojesnb CMMI — kak mpakTuku
KOMIIaHUM U NpuMeHeHue moaenu CMMI
MO3BOJISIFOT JOCTUraTh LieJIel KOMIIAaHUY U
HNEePCOHANBHBIX LieJel coTpyAHuKoB”. Ha atux
CEMHHAPax COTPYTHUKH BMECTE CO
CHELHUATNCTAMU T10 MIPOLECCaM U MOAEIH
CMMI ob6cy)aanm cTpaTerndeckue e
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KOMITaHHH, (POPMYJIHUPOBAIN CBOH
MEPCOHATBHBIE LIENN U CBSI3BIBAIIN JJOCTHKECHHE
eJel ¢ MpaKTHKaMH, IPUMEHSIOIIIMUCS B
KoMmaHuH, B 9acTHOCTH ¢ CMMI npakTikamu.

O HpOBe)leHI/Ie JOIIOJTHUTCIIbHBIX yFJ'Iy6J'IeHHI>IX
TPCHUHI'OB IO CJICAYIOIIUM HaIllpaBJICHUAM:

= CMMI mozens

»  [Ipaktnueckas peanuzanuss CMMI B
KOMITaHHH, METIITHHT ITOBCEIHEBHBIX
IPOIIECCOB U aKTUBHOCTEH Ha MOJIEIb

=  KonuyecTBeHHOE yIIpaBJIeHUE U
CTaTUCTHKA (A1 MEHEIXKEePOB, TECT
MEHe[)KepOB, TUM-JIUJIOB U BCEX
HUHTEPECYIOINXCS)

*  [IpuHOUNBI IPOBEJICHUS OLICHUBAHUS,
SCAMPI (anst npuHUMAONINX yYacTUe B
HUHTEPBBIO)

) CMMI Tool (asst ueHOB BHYTpEeHHEH
KOMaH bl TI0 OTICHUBAHHIO )

[epeBoa pycCKOSI3BIYHBIX MHCTPYKIMH M CHHXPOHHBIH
TIepeBO/I BO BpeMsI IIPOBEJCHUS HHTEPBHI0. HekoTopsle
KITF0UYeBbIe paboune NHCTPYKIMU OBUIH ITOJTHOCTBIO JINOO
YaCTHYHO NEPEeBE/ICHbI Ha aHTIIMHCKHHN s3bIK. Ha 3TH paboThl
OBLIH 3apaHee 3aIIaHUPOBAaHBI PECYPCH TEXHUYECKHIX
nucaTtenei ¥ peBbroepoB. Taxke B KOMaHAy BHYTPEHHUX
OIICHIIMKOB OBIIN BKIIIOYECHBI COTPYJHHUKH, YPOBEHb 3HAHUS
AQHTIIMICKOTO KOTOPBIX MO3BOJISUT BRIOJIHITH CHHXPOHHBIH
MIepEeBOJI MHTEPBBIO C TEMHU KIFOUEBBIMU COTPYAHUKAMHU
KOMITaHWH, KOTOPBIE He 00J1a1ay pa3srOBOPHBIM aHTIIMHCKHM.

BuuMaTensHbBIH BRIOOP OQHIMAIEHOTO OIEHIIINKA!
o Bompimoe Koau4ecTBO pacCMOTPEHHBIX

kaHauAaToB (0koJo 30 4emoBek), pacchiika
RFP u anamms proposals (oxoso 20), nndaHbIe
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5.

BCTPEYH C KAaHITUIATAMHU, BBIIICIIINMU B
¢unan (3 genoBeka).

o Br100p oneHmuKa ¢ ya€ToM HE TOIBKO LIEHBI,
HO U «Ka4eCTBa» - TO €CTh €r0 PeMyTaluy U
OIBITA, a TAKXKe MHEHUs cOTpyaAHUKOB SEI.

o [Toanucanue KOHTpaKTa C OLEHIIMKOM Ha
IMO3TAITHON OCHOBE

Ypoku u BHIBOABI

WHBecTHINY B CHCTEMY yJalleHHBIX BeO-KOH(pEPEHINH 1
OCHAII[CHUE NIEPErOBOPHBIX KOMHAT OKYIAIOT Ce0sl 1
MO3BOJISIFOT CAKOHOMMUTH CYIECTBEHHBIE CYMMBI Ha
YMEHBIIEHUH KOJIMYECTBa KOMaHJUPOBOK.

Bo3MorkHOE cokpanieHHe cpoKoB on-site Bu3utos Lead
Appraiser. [IpakTuka rmokasana, 94To 3a C4eT aBTOMAaTHU3alNH U
MOJIMTHKH OTKPBITOCTH NPOJIOKUTENEHOCTD (PUHATBEHOTO
OLICHMBAHMsI MOXKET OBITh cOkpalieHa 70 10-12 pabouux aHeil.

VHBecTuIy B aBTOMaTU3UPOBAHHBIE CUCTEMBI TTOAJICPKKI
MPON3BOJICTBEHHBIX MPOIIECCOB OKYMAIOT ce0s1 — poIe
MOJTy4aTh HEOOXOIMMbIE TOATBEPKICHNUS HCIIOIb30BaHUS
MPaKTHK, CHIKAeTCs “OyMaXKHBIH ™ JOKYMEHTO00OpOT,
noBsIIaeTcs 3G (HEeKTUBHOCTD U HE BO3HUKAET JEMOTHBALINS
MepCcOHaa Mo MOBOAY HEOOXOANMOCTH 3aII0THEHHS
“noxymentoB st CMMI”.

WHBecTuImy B JONOIHUTENBbHOE 00y4deHHEe M MOTHBAIIHIO
COTPY/JHHKOB, B T.4. CBA3BIBAHUE MEPCOHAIIBHBIX LIEJICH
COTPY/JHHUKOB C IIEISIMU KOMIIAHUH, OKYIAIOTCS U TIPUHOCSIT
OIIYTHMBIH MTOJIOXKNTEIBHBIH MOTHBAIIMOHHBIN 3 QeKT

[Ipu mranupoBaHUK pabOT HY)KHO YUUTHIBATh BHYTPEHHUE
npouenypst SEI, okaspiBaroiye BIusiHUE Ha CPOKH MPOEKTA.

OnbIT NpHBIIEUEHUS HE AEHIEBOTO, HO OUYEHb
KBaJIN(UINPOBAHHOTO OLEHIINKA PU3HAH YCIICIIHBIM:
MOJY4E€HO MHOKECTBO MPEATIOKEHUH 110 JaNbHEHIeMy
COBEpILEHCTBOBAHMIO IIPOLIECCOB, B TOM YHUCIIE 32 MpeeNaMu
komiereHind CMMI, pykoBOACTBO U PSZIOBBIE COTPYIHUKH
KOMITaHUH TIOJTyYHJIM MHOTO TT0JIe3HOH HH(pOpMAI 00 orbITe
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JPYTUX KOMITaHUH, CYyIIECTBEHHO MOBBICHICS YPOBEHb
ceszanHocTH CMMI mpakTrk ¢ Ou3HEC-IeIsIMA KOMITAHUH.,

6. 3akiroueHme

I'maBHBIM pe3ynbTaTOM MOXXHO CYHMTAaTh TO, YTO OCHOBHBIE IIEJH
NpoeKkTa ObUIM YCHENIHO NOCTUTHYTHI (OLIEHMBAaHHE IMPOBEJCHO B
YCTaHOBJICHHBIE  CPOKH, coOmogeH OlojpKeT Tpoekra), a
KOMMEpPYECKHE MPOEKTHI, KOTOPBIE IMOJBEPTAINCH O(UIHATEHOMY
OLICHMBaHWIO, HE TMOCTpajalu: He OBbLIM HapyLIeHbl CPOKH U
BHemIHKe OroykeTsl. Tarkke B paMKax IpOeKTa Oblla CyIIeCTBEHHO
pasBuTa  KymbTypa  mnpuMeHeHus — npaktuk @ CMMI u
HONYJISIPU3HPOBaHa CaMa MOJIEIIb.

C yd4eToM YpPOKOB MpPOEKTa M HAKOIUICHHOTO ONBITa CTOMMOCTH
MOCIEAYIONIUX «CePTUPHKALNID MOXKET ObITH CHIIKCHA.

B cBs3u ¢ Tem, uto Teiepp CMMI onieHrBaHMS HODKHBI IPOXOIUTH
KaXaple 3 roja, KOMIIAHHSAM, KOTOPbIE XOTAT IOJACP)KUBATH CBOH
«cepTu(UKATB» HMEET CMbICA (OPMaM30BaTh M IOCTOSIHHO
COBEpPLICHCTBOBATH CaMy MPOLEAYPY OLICHHUBAHUSL.
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Abstract

We introduce a complex approach to evaluating cryptographic
protection efficiency. Classically, the research has mostly focused
on information system security as a whole, whereas cryptographic
tools evaluation techniques have not received as much attention. The
main thread of our work is the development of mathematical models
of threats to analyze the security of cryptographic systems based on
various types of attacks that the cryptographic system is exposed to.
The approach allows to build an economic rationale for investments
to cryptographic systems and to provide sound arguments for
implementing an information security strategy.
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Ouenka 3()(peKTUBHOCTH KPUNITOrPaPruIeCKOi 3alIUThI
HH(OPMALMOHHBIX PECYPCOB B KOPIOPATHBHBIX CHCTEMAX

Cepreii ABromun Anexcanapa CapenbeBa
I'ocynapcTBeHHBI YHHBEpCUTET — I'ocynapcTBeHHBI YHHBEepCHTET —
Boicmiasi mko1a 3JKOHOMHUKHU Bbicmasi K02 9KOHOMHUKH

PykoBoaurean oTaeneHus IIpenonaBartens
NPOrpaMMHO HHKEHEePUH
email: savdoshin@hse.ru email: asavelieva@hse.ru

Kparkas anHoTanus

B nanHOM craThe mpenjaraeTcsi KOMIUIEKCHBIH MOAXOA K  OLEHKE
(G (QEKTUBHOCTH  3aIUTHl  MHGOPMAIMOHHBIX  PECYpCOB  NPEANPUSTHS,
obecrieunBaeMoii kpunrorpaguaeckumMu cpeactsamu. Pa3paboTaHHasi METOIMKA
MO3BOJISICT MPOBECTH IKOHOMHUYECKOE O0OCHOBAHUE PACXOJOB OpPraHHU3aIMd Ha
obOecricucHre HWHGOPMAIIMOHHOW OC30MACHOCTH W CAeIaTh OOOCHOBAHHBIN
BBIOOP Mep M CPECTB KpUnTorpadhuueckoit 3aiuTel. B 0CHOBE METOIUKH JICKHUT
(GopManu30BaHHBI OpOlLECC AaHANW3a HAACKHOCTH  KPUITOCHCTEMBI B
OIIPEJETICHHOM KOHTEKCTE MWCIIOJIb30BaHUsI M MaTeMaTHdecKas MOJEeNb YIrpo3
0€30MaCHOCTH 3alIHUIIAeMbIX HH)OPMAIIHOHHBIX PECYPCOB.

Kuouesbie cioBa: CK3U, kpunroananus, MoAeTupOBaHUE YTPO3.
1. Beenenue

CpeacrBa  kpunrtorpagpuyeckoid  3amursl  uHpopmauuu  (CK3H)
MIPEACTABISIIOT CO00M CpeAcTBa BBIYMCIUTENBHON TEXHHWKH, OCYIIECTBIISIONINE
kpunrorpaduueckoe mpeoOpazoBaHre HHPOpPMAIMU Uit oOecIlieueHHs: ee
KOH(UICHIIMATBHOCTH M KOHTPOJIS [IeT0CTHOCTH [1].

IIpu omenxe 3¢ddexruBHocTn CK3U BakHEHIIMM KpUTEpHEM CUHTACTCA
KPUNTOCTOMKOCTH. Takoi MoaXox He YUUTHIBACT APYTHX BaXKHBIX TpeOOBaHUH K
kpuntocuctemMaM. OOOCHOBaHHBIH BBIOOP METOJOB KPHUNTOTPadUUECKOM
3amuThl MHPOPMALUU ISl KOHKPETHBIX MH()OPMALMOHHBIX CHCTEM JOJDKEH
OMHPATBCS HE TOJIBKO HAa KPUNTOCTOMKOCTh, HO M Ha JApPYrHe KpUTEpHH

3¢ PEKTHBHOCTH, Takue
Kak (cm. [2]):

. MHUHHMaJIbHBIA 00BEM UCTIONb3yEeMOI KIIF0UeBOH HHPOPMAIINY;

. MHUHHAMaJbHAsl CJIOXKHOCTh peayiM3alud (B KOJMYECTBE MAIIMHHBIX
onepauuit);

. CTOUMOCTB;

o BBICOKOE OBICTPOJIEHCTBHE.
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AHanu3 myOnuKauMid B OTKPBITOM JIOCTYIE II0Ka3aj, 4YTO MOJXOISIINE
METOJUKH OTIEHKH () (HEKTHBHOCTH KPHUITOTPAPUISCKIX CHUCTEM J0 CHX TOp He
paspaboTanbl (K AQHAJIOTMYHBIM BBIBOJAM TMPHILIH aBTOPBI paboTel [2]).
HUckmrouennem siisercst crathst B.I1.VBanoBa [3], B KOTOpO# 3¢ (eKTHBHOCTD
KpunrorpaQuueckux  CpencTB  3aIlUTBl  IpPEIUIaracTcss  OLEHHMBATh  C
UCIIONB30BAaHHEM  MaTeMaTHYeCKOTO ammapara  TEOPUM  MAaccCOBOTO
oOCITy)XMBaHHS W TEOPUHM KaracTpo) Ha OCHOBE BepOAMHOCHHO-8PEMEHHOU
2pynnvl nokazameineti, B YNCIe KOTOPBIX:

. cpenHee Bpemst  Oe3omacHOro  (pyHKIMOHMPOBAHMS  3allUIIaeMOi
CUCTEMBI;

. BpeMsi 0e30macHOro (yHKIMOHMPOBAHMS 3aIlUINAEMON CHUCTEMBI C
BeposaTHOCcThI0 HC/] He BhIlIE 3a1aHHOM;

. SKOHOMHYECKas  3(PPEKTUBHOCTH  CO3JAHHOH  CHCTEMBI  3aIlUTHI
HHPOPMALIUH.

Bri60op nokazareneit 3phekTHBHOCTH IPENCTABISIET HHTEPEC, OJJHAKO METONKA
UMEET DS KPUTHUECKHX HEIOCTATKOB, KOTOPBHIE MAENAIOT HEBO3MOXKHBIM €€
NIPUMEHEHHE Ha MpaKTHKe A1 oleHKu coBpeMeHHbIX CK3U. B nepByto ouepenp
3TO TPaHMIBI NPUMEHUMOCTH: METOIMKA IIOAXOAWT TOJBKO [UIS OLEHKH
KPHUIITOCHCTEM, MpUHAAIeKamuX mo kinaccudukanuu XK. bpaccapa [4] k kiaccy
Kpunmocucmem  OZPAHUYEHHO20  UCNOb308AHUS,  CTOMKOCTh  KOTOPBIX
OCHOBBIBAaETCST HA COXpPaHEHHH B CEKpeTe alrOpUTMOB 3amudpoBaHus |
pacumm¢poBanus. OpHako, commacHO  (YHAaMEHTAIBHOMY  JOMYIICHHIO
Kupxrodda [5], CTOWKOCTh KPHUNTOCHCTEMBI OKHA OCHOBBIBATHCS HE HA
CEKPETHOCTH aJITOPUTMOB 3alIM(pPOBaHUS U PACIIN(PPOBaHUsL, & HA CEKPETHOCTH
HEKOTOPOTO 3HA4YEHHs, KOTOpOE Has3bIBacTCs ee Kioyom. Bce coBpeMeHHbIE
KPHUIITOCHCTEMBI IIOCTPOCHBI 110 3TOMY IpPUHIOWIY, M HCCIEAOBAHUS HX
HaJIS)KHOCTH BCErJa JOJDKHBI IPOBOAWUTBCA B TNPEIINOJIONKEHUH, UYTO
MOTEHIMAIBHOMY TIPOTMBHHKY O KpPUITOCHCTEME W3BECTHO Bce, 3a
UCKJIIOYEHHEM HCIIOJIb3yEMOT0 KIIF0Ya.

Eie oqHMM HelocTaTKOM ONMUCaHHOM B pabote [3] METOMUKH SIBISETCS TO, YTO
OHa HE YYMTHIBAET 3aBUCHMOCTH (P(PEKTUBHOCTU KPHIITOCHCTEMBI OT YCJIOBUH
ee wucrnonp3oBaHMA. OdeBHAHO, JPQPEKTHBHOCTH OJAHOM H TOH ke
KPHUITOCUCTEMBI B Pa3HBIX KOHTEKCTAaX MOXET CYIIECTBEHHO oTiauuaThes. Cpena
(YHKIIMOHUPOBAHUSI CHCTEMbl HAKJIAJbIBACT ONpE/CICHHbIC OrpaHMYCHUS] Ha
BO3MOJKHBIE CIIEHapHH aTak. [IpocTtast Mo#ems cueHapus aTaKH MPeICTaBlIeHa Ha
puc. 1 [6]. OHa BKIIOYAET TPU DIIEMEHTA, KAXKIBIH M3 KOTOPHIX OKa3bIBACT
BIMSHHE Ha OOIIyl0 KapTWHY yrpo3. TWIIBl aTrak, KOTOPHIM IOJBEp)KEHA
KPHIITOCHCTEMA, 3aBUCAT OT HABHIKOB, YPOBHS JIOCTyIa, OrOJUKETa M APYTHX
XapaKTePUCTUK MOTCHIHANBHBIX  3JIOyMBIIUICHHUKOB [7].  MHbopmarus,
noJyIexalasl 3aluTe, ONpeAeNsieT BO3MOXHBIX 3JI0YMBIIITIEHHUKOB, KOTOpBIE
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MOTYT OCYUIECTBIISITh IOMBITKH B3J0Ma B LEeIIx HApYIICHUS
KOH()UIEHIIMAILHOCTH, IEJIOCTHOCTH WM JOCTYOHOCTH (BO HU30exkaHMe
M30BITOYHOCTH W3 MOJCIH HCKIIOUEH D3JEMEHT «3allHIaeMble PecypChl»,
KOTOPBIH 38]1a€TCS HESIBHO - Yepe3 DIIEMEHT «3II0YMBIIIIICHHHUKY).

3MoyMbILLNIEHHWK

ucnonsayeT

ATaka

YTOObI B3IOMaTb

Kpuntocucrtema

Pucynok 1 - Cuenapuii B3;1oma
KPHUINITOCHCTEMBI

Ucnonp3oBanne CK3U, obecneumBaromux YCTOWYHBOCTh K B3JIOMY HIDKE
HEKOTOPOH «(pOHOBOW» BEPOSITHOCTH, SBISIETCSI SKOHOMUYECKH HEOTPAaBJaHHBIM
[8]. Hanpumep, ecii BEpOSTHOCTH BBIXOJa KOMIIAHHH M3 OH3Heca paBHa 2 0
(MeHee yeM OJIMH M3 MMJUIMOHA), TO €CTh JIM CMBICI ISl 3alUThl HHpOpMAIINH,
KOTOpasi MOKET HAHECTH KOMITAaHWH yliep0, COMOCTaBUMBIA C KPU3UCOM DPBIHKA,
UCIIOJIb30BaTh AJITOPUTM, BEPOSITHOCTh BCKPBITHS KOTOPOTO 3a IPHEMIIEMOE
Bpems cocrapiser 2 2007

Hambonee 3¢ ¢hexkTHBHBIM MPHU BEIOOpPE M OLIEHKE KPUMTOTPahUISCKON CUCTEMBI
CUMTAETCS  WUCMOJIb30BaHME  OKCIEPTHBIX  OLEHOK M  HMHTAIMOHHOE
MojenupoBanne [2]. Pa3zpaboraHpl MeTOABI M CPENCTBA, ITO3BOJIAIOIINE
MIOCTPOUTHh MOJENH YIpo3 M YA3BUMOCTEHl WH(OpPMAIMOHHBIX CHUCTEM W Ha
OCHOBE aHaJIM3a PHCKOB IMOJYYNUTHh KOJMYECTBEHHYIO OLIEHKY COOTHOLICHUS
MOTeph OT Yrpo3 0OE30MacHOCTH W 3aTpaT Ha CO3JaHHe CHUCTEMBbI 3aluTHl. B
paborax H.KykanoBoii [9, 10] omucanbl MeTOAbl U MHCTPYMEHTHI aHAIH3a W
KOHTPOJIST WHPOPMAHOHHBIX pHCKOB: Oputanckuit CRAMM [11] (xommanus
Insight Consulting, moxpasaenenne Siemens), amepukanckuii RiskWatch [12]
(xommanust RiskWatch) u poccuiickuii TPU® [13] (kommanus Digital Security).
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DTH HMHCTPYMEHTAJILHBIC CPEACTBA IOJIC3HBI CICIHMAIKMCTY HPH POBEICHUH
ayouTa CHCTeM OOecCIedYeHHs OC30MacHOCTH IPEAIPHUATHS, OIHAKO OHH HE
yantsBatoT crierudukn CK3U.

Hnsa ouenkn s>ddextuBHOCTH CK3U HEOOXOTMMBI METOAWKH, TO3BOJISIOIINC
MPUHUMATh BO BHUMAHUE B3aMMOCBS3b THUIIOB KPUIITOCHCTEMBI, MTOTEHIIUATBHBIX
3JI0YMBIIIJICHHUKOB M BO3MOXKHBIX aTaK Ha 3alluiiaeMble MHPOPMAIMOHHBIE

pecypcesl.

2. IHocranoBka 3agaun

3amaya COCTOMT B pa3paboTke METOAWKH aHamu3a S((EKTUBHOCTH
KpUNTOrpaguIeckoil CUCTEMBI C yYETOM TOTO, KakKUM Yrpo3aM 3alluiiacMas
nHpOpManus OyAeT MOABEPTaTHCS CO CTOPOHBI 3JI0YMBIIIICHHUKOB.

B kadecTBe WCXOOHBIX HNaHHBIX MJIs TIPOBEICHUSA OLCHKH 3(PPEKTHBHOCTH
Kpunrorpagudeckoil 3amuTel HHPOPMANMOHHBIX PECYPCOB  HCIIONB3YIOTCS
JaHHBIE 00 OCOOCHHOCTAX peaM3aldd MCCIeIYeMOH KPHUIITOCHCTEMBI M THIIAX
MTOTEHIMATIbHBIX 3I0YMBIIUICHHIKOB. AHAMH3 3((PEKTUBHOCTH OCYIIECTBISCTCS
Ha OCHOBe (pMHAHCOBO-d3KOHOMHYecknx mokaszareneii CK3UM. Omenka
3¢ (GEKTHBHOCTH CO3[aeT IMPEANOCBUIKY Ui  OMpPEICICHHUS COOTBETCTBHS
KPUNTOCUCTEMBI  MOTPEOHOCTSAM  OpPraHM3AIlMM, TPHHATUS pElIeHUH H
ocyurecTiieHUs: Mep mo oTka3y ot CK3U, He obecreunBaronux HEOOXOIMMBIi
ypOBeHI:- 3allluThl, " BHe[[peHI/IIO CHCTEM, IOOCTHUIHINX Haunqumx 3HaquHﬁ
MoKa3aTeseH.

Jlyist perieHus MOCTaBICHHOM 3a/1aui HEOOXOMMO:

. @dopmanu30BaTh NpoIecc ONEHKH 3(GPEKTUBHOCTH KPUNTOrpadHIEcKOM
3aIIUTHI;

. PazpaboTate  MareMaTH4YeCcKyl0  MOAENb  yrpo3  0e30IacHOCTH
nH(pOpMaMOHHBIX pecypcos, 3aIUIEHHBIX c UCTIONB30BaHUEM
KPHIITOTpauuIecKux cpescTs.

. IIpoBectn anamu3 cymecTBytoumx MetonoB omenkn CK3U ¢
3KOHOMMYECKHUX MO3ULIUN.

. Bribpaths (prHAHCOBO-?KOHOMHMYECKHE IOKAa3aTeH, IOIXOISINE I

9KOHOMHYECKOH orleHKH nHBecTHnuii B CK3U.
3. TIlpouecc oueHku 3¢ PeKTHBHOCTH KPUNITOrpaduuecKoii 3auuThI

IMpouecc oneHkn >PQPEKTUBHOCTH KPUNTOrpapuIecKoil 3alIUThl  MOXXHO
NPENCTaBUTh B BUIE CXeMbI Ha puc.2 [6].
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L[GJ'IL KaXXJa0ro sTala — NoJiy4€HHUe OTBETAa Ha BOIIPOC:

. Oran 1: Kakas kpunrocucrema SBseTcs 00bEKTOM aTaKu?

. Oran 2: Kto OyneT aTakoBaTh 3Ty KpUOTOCHCTEMY?

. Oran 3: Kakwe MeTompl KpHIITOAHANINW3a C HAMOOIBIIEH BEPOSTHOCTHIO
OyIyT UCHONB30BaHbI IPH OCYILECTBICHHUH TTOTBITOK B3JIOMa KPUIITOCHCTEMBI?

. Oran 4: Cioco0Ha i KPUIITOCHCTEMA IIPOTUBOCTOSTH TAKUM aTakam?

. Oran 5: SIBnsieTcs M UCIOJIB30BAHUE UCCIIEYEMOM KPUIITOCHCTEMBI

9KOHOMMHYCCKH BBII'OAHBIM B JAHHOM KOHTEKCTEe?

WpeHTtndpmkaumsa

KPUNTOCUCTEMbI

Onpepnenenve
noTeHUManbHbIX

B3TOMLLNKOB

y OnpepneneHne MHOXeCTBa
aTak, KOTOpbIM MOXeT

] nogsepraTbca

KpunTocuctema

|

i OueHka ycToin4ynBocTH
CUCTEMbI K 3TUM aTakam

h 4 OnpepeneHne COOTBETCTBUS

KpUNTOCUCTEMBbI

noTpeBHOCTAM opraHu3aumm

Pucynok 2 - IIpouecc oueHKu
3¢ pexTUBHOCTH KPUNTOrpaduvecKoi
3aLMUThI

Otambl 1-3 HampaBiieHbl Ha MOJICTMPOBAHHME YIPO3, KOTOPHIM IIOABEPraroTCs
nH(pOpManMOHHBIE pecypChl, 3alUIIaeMble C HCIOJIB30BAHUEM HCCIETyeMOM
KpuiTocucTeMbl. IlepBblif 3Tan - ompenencHue oO0BEKTa HCClIeAOBaHUS. 31eCh
OTHCHIBAIOTCS KOHKPETHBIE XapaKTePUCTHKH KpHUIITOCHCTeMBl. Ha BTopoMm 3Tarme
3aMal0TCAd MapaMeTphl, OINPEICNIAIONINe THI TOTEHIIMATBHBIX B3JIOMIIHKOB
KPUITOCUCTEMBI. MeXIy XapaKTepUCTHKAMH KPHUIITOCHCTEMBI W BO3MOXXHBIMH
TUTIAMH aTaK CYIIECTBYET CBS3b. AHAJOTMYHO, HABBIKH, YPOBEHb IOCTYIIA,
OIO/KET B PACTIOPSDKEHHH 3J0YMBINUIEHHHKA ONPEAETISIOT THUIIBI aTaK, KOTOPHIE
OH MOXeT mnpeanpuHsats [7]. Takum oOpazoM, mpu Haaumduu (GOpMalbHBIX
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MPEICTaBICHAN  HWCCICAYEeMOH  KPUNTOCUCTEMBI M IOTCHIMAJIbHBIX
3TIOYMBIIIJICHHUKOB MBI MOXKEM IIEPEUTH K dTamy 3 Ha puc.2, T.€. ONpeNeTuTh
TUTIBL aTaK, KOTOPHIM IOJBEp)KEHa KPHUITOCHCTEMA, a TAaKXKEe BEPOSTHOCTH UX
peanm3anim.

Ortan 4 mpencTaBiseT co0oW aHAN3 YCTOMYMBOCTH KPHUIITOCHCTEMBI K aTaKaM,
ompeneneHHBIM Ha stame 3. HeoOxommmo obecmeunth crieruainmcta Habopom
WHCTPYMEHTAIBHBIX CPEJACTB JUIsl MPOBENCHUS HCcienoBaHUU. [IporpaMMHbIi
kommuieke [14, 15], onucanuelii B [6], mpeaHasHaueH IUisl OLGHKH CTOHKOCTH
ACHMMETPUYHBIX KPUITOCUCTEM K COBPEMEHHBIM METOAaM KPHIITOAHAIN3a.
Lenp srama 4 — OLEHUTH PUCK HapylIeHHs O0E30MacCHOCTH WH(OpPMaMOHHBIX
pecypcoB, 3allIUIIEHHBIX C UCIOIb30BaHUEM UCCIEYEMOI KPHIITOCHCTEMBI.
Haxonern, 3Tan 5 npeamnonaraer UCMOIb30BAaHNE PA3INYHBIX ITOJXO0B K OIICHKE
sKOHOMIYeCKOU 3 dexTrnBHOCTH HHBecTHINH B CK3U Ha OCHOBaHHMH INaHHBIX,
MIOJTyYeHHBIX Ha 3Tanax 1-4.

4. Maremarudeckasi MoJeJdb Yrpo3 0e30macHOCTH HWH(pOPMATHOHHBIX
pecypcoB

3amavya OLEHKH KpUNTOrpadUuecKOr 3alUICHHOCTH HH(DOPMAIHOHHBIX
PECypCcoB CBOIUTCS K BBIACIEHUIO MOJMHOXXECTBA aTaK, KOTOPbIM MOXET
MO/IBEPraThCsi KPUNTOCHCTEMA B JAaHHOM KOHTEKCTE€ WCIONIb30BaHUS, U
OIPE/ENICHUI0 YCTOMYMBOCTH CUCTEMBbI K 3THM aTakaM. [log ycTOH4YMBOCTBIO
cUCTEeMbl OyJeM TOHUMATh €€ KpPUNmMoOCmoOUKoCmy, T.€. CIIOCOOHOCTB
MPOTUBOCTOSTH aTakaM KpunroaHaautuka [16].

OnpeneneHne KpUNTOCTOMKOCTH SIBISETCS HAydyHOM 3ajauei, AN pELIeHUs
KOTOpOH HeoOXoauM HabOp WHCTPYMEHTANBHBIX CPENCTB, MO3BOJISFOIINX
MOJEJIMPOBATh MOBEACHHUE 3J0YMBILIJIEHHUKA MIPU MOMBITKAX B3JIOMa CUCTEMBI C
HCIOJIb30BAHMEM PA3JIMYHBIX METOJOB KpHUMTOaHanu3a (CM., Hanpumep, [17]).
Onucanue pealn3allMd MOPOrPaMMHOIO KOMIUIEKCA, NPEJHa3HAYEHHOIO s
HCCIIEeIOBAaHUSI CTOMKOCTH aCHUMMETPHUYHBIX KPUITOCHCTEM C HCIOJIb30BAHUEM
MaTeMaTHYeCKUX METOJOB, BBIXOJUT 32 PaMKH JAaHHOW CTaTbU M MPHUBEICHO B
[6].

Huis onpenenerust 3h(HEKTUBHOCTH KPUITOCHCTEMBI UMEET CMBUI MIPOBEPATH €€
YCTOHYMBOCTH HE KO BCEM BO3MOXKHBIM aTakaM, a K TeéM, KOTOPbIE MPEICTaBIISIOT
JUI Hee HanOobIIyto yrpo3y. COCTaB MHOKECTBA IMOTCHIIUAIFHO OMACHBIX aTak
3aBUCHUT OT TUIA KPUITOCUCTEMBI U YCIOBUN UCIOJB30BaHUSI KPUITOCUCTEMBI.
Juis BeIICIICHUS] HA0Opa aTakK, KOTOPBIM MOJIBEPKEHA KPUIITOCHCTEMA, IOCTPOUM
MaTeMaTHYECKYIO MOJIENb yrpo3 0e30macHOCTU 3allULIaeMbIX
WH(POPMAIMOHHBIX PECYPCOB, OCHOBBIBASCH HA CIICAYIONIHNX IPEAOCHUIKAX:
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° OHI/IH B3JIOMIIUK MOXKET NPCANPUHATL aTaKW Ppa3jiIM4YHOI0O THIla, 4 OAHA U
Ta )K€ aTaka MOXKET UCXOAUTH OT Pa3HbIX B3JIOMIIHUKOB;

. K onHoil 1 TOM € KpunTocucreMe NPUMEHUMBI aTaKU Pa3IMnYHOIO THUIIA,
a OJlHa M Ta K€ aTaKa I03BOJIIET B3JIOMAaTh Pa3IMIHBIC KPUIITOCHCTEMBI;
. 3IOyMBINIICHHUK C HamOOJNBIIEH BEpPOATHOCTHIO BEIOEPET Ty arTaxy,

KOTOpasi 00ECIeYNT MAaKCUMAaJbHBIA PE3yabTaT NpH (PUKCHPOBAHHBIX 3aTpaTtax,
mu00 HavMeHee 3aTpaTHBI BapUaHT W3 MHOXKECTBAa aTak, IMPHUBOAIIMX K
OJIMHAKOBOMY PE€3yJbTaTy.

ALQA]XAJX

Hy'CTI) - A A‘S - MHOKCCTBO MapaMETpUICCKUX Mojenei aTak,

rie
Aj (j = 1, 8) - MHOXeCTBO 3Ha4YeHHUH | - TO MapamMeTpa MOJIENH aTaKH,

OTIPEIETISIONIETO THUIT ATAKK B COOTBETCTBHHU C KPUTEPHSIMH pa3paboTaHHOM
knaccudukanuu (cm. [18]):

A - 10 IoCcTyIy K OTKpPBITOMY KOJLY;

A, - o KOHTPOJTIO HaJl MPOIECCOM MIM(PPOBAHHUS;

A3 - o ucxony araxu;

A, - o 06beMy HEOOXOIMMBIX PECYPCOB;

A5 - 1o cTeneHn MIPUMEHUMOCTH K Pa3INIHBIM MIH(pam;
Ag - 10 MCTIOJIB3YEMBIM CPEICTBAM;

A7 - no mocneacTBUAM aTaxu;

Ag - 110 BO3MOXKHOCTH pacnapallieliBaHus.
Kaxnas mozens @ € A mpexcrasisier co6oit BEKTOP (al. dp, ... ,dg ), rae

a; € A, . _ —5 .
J 4, ] = 1, 83amerum, 4T0, MOCKOJIHLKY MHOXKECTBA 3HAUCHUIA

nmapaMeTpoB MOJICIIN aTaKW KOHCYHBI, TO MOITHOCTH MHOKECTBA MOﬂeHeﬁ aTak
g
Al=II14
7=1

Mycte B © B; x B, x .. x By - MHOXECTBO MapaMeTPUYECKHX MoJee

3noyMblieHHnkoB, te Bj (j = 1 6) - MHOXecTBo 3HadeHuit | —T0

napamMeTpa MOJEIH 3JIOYMBIIUIEHHUKA B COOTBETCTBUM C KPUTEPHUAMH
omucanHo# B [18] knaccudukanmm:
B - mo TexnuuecKoit OCHAIEHHOCTH;

B, - no koneuHoit ueny;
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B3 - no moctyny k mmdpyromum cpeacteam;

B, - mo ypoBHIO MOATOTOBKY;

Bs - no nepeuunoil MH(OpMAIUK O CPEACTBE MHM(POBAHHS;
Bg - no Bo3MOXkHOCTH KOOTIEpALIUH.

Kaxxmas momens 0O € B 3amana B Buze BEKTOpa (bl, b, ... ,be), rae

]
b; €B,.j =18, B:H B; |.

Iyetb C C € xCy x...xC; - MHOKECTBO NapaMETPUYECKHX MOIENEN

kpunrocucteM, Tae C; (j = 1, 5) - MHOXkecTBO 3HaUeHHil j - ro mapameTpa

MOJIENIA  KPHUITOCHCTEMBI B COOTBETCTBMH C  MHOTOKPHTEPHAIBHOM
knaccudukanueit, onucanHoi B [18]:

"
N, 1o JIOCTYITHOCTH HH(QOPMAIIMHU O KPUIITOAITOPUTME;
N ;
i¥o - 110 KOJIMYECTBY KIIIOYEH;

T "
j\' 3 - 10 CTOMKOCTHU KpHUIITOAJITOPUTMA;
a';r
4 4 - IO UCTIOJIb3YCMBIM CPEACTBAM;
I'.{;T
4 %5 - II0 HAJIMYHUIO CepTI/I(bI/IKaTa;

Kaxnas momens C cC MpecTaBiIsieT co00l BEKTOP (Cl, Co, ... Cs), rmue

c; © C‘J- , J =215, MomHOCTh MHOXECTBA MOJENieii KPUIITOCUCTEM

[Mpu nanbHeHIIeM H3JI0KSHUH IS KPATKOCTH CIIOBO «MOJIEIBY IPHUMEHUTEIBHO
K MOJCII aTaKu, MOJENHU 3JI0YMBILUICHHUKA U MOJICTIM KPUIITOCHCTEMBI OyaeM
OIyCKATh.
C xkaxnoil atakod OyIeM CBS3bIBATH 3HAYCHUE PHUCKA, BBIYHCIAEMOE 110
oOlien3BecTHO  (opMysie Ha OCHOBE JBYX (PakTOpOB — BEpOSTHOCTH
TIPOUCHICCTBUA U TAKECTHU BO3ZMOKHBIX HOCHeHCTBHﬁ:

Puck = Brusnue - Bepoamnocms

OGo3Ha4IMM 9epe3 g3 - A o B w (! 0:1] (hyHKIHIO, 32/1a01YI0 YPOBEHD

—
PHUCKaA, CBA3aHHOTO C aTakou a E -LA B YCJIOBUAX, KOI'Ja OHa MOXKET OBITE
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NIPUMEHEHA  3JI0YMBIIICHHUKOM b €B  1ma sinoma KPHUIITOCHCTEMBI
= —
¢cecC.
Iyete |- (O A — [[]- '[] - ¢yskums BaMsHEA (OT aHI. impact —

BIMSIHAE, Bo3AeiicTBue). [lon BimsHIEM MBI OyZeM MOHWMATH CTETeHb yiiepoa

ac A ceC
oT npumenenus ataku 4 S K KPHUIITOCHCTEME c < U,
Ilycte P - B x A — [0: '1} - BEPOSTHOCTH TOI'O, YTO 3JI0YMBILIIJIEHHHUK

-
-
beB acA 6
= npennpumer araky ( &< A\ T.e. obmagaeT pecypcamu Ajst ee
OCYIIECTBJICHUS U COUTET 3Ty aTaKy LeIecoo0pa3HOH.

Toraa ¢pyHKIus pucka R BBIPAXKAETCS CIAEAYIONUM 00pa3oM:
R(@.b,¢) = 1(¢,d) - P(5.d)
OmnpenennM GyHKIUIO I( C, (I-) . A7 3TOTO PaccCMOTPHUM CEMEHCTBO (PYHKITHI
Igh : Og x A, — R,, 9= 15, h=18, rme R+ - MHOXECTBO
HEOTPHIIATENBHBIX JEHCTBUTENBHBIX YUCEN. 31ech QyHKIHA |y, 3amaeT ypoBeHb

B3aMMHOT'O BJIMAHUA I[TapaMETpa KPUIITOCHUCTEMBI Cg " napamMeTpa aTaku ah .

o Ign(c,@) = O, ecnm araka co 3HaueHumeM mapamerpa a & A He
IpHMEHEMa K KPHIITOCHCTEME cO 3HaueHneM nmapamerpa ¢ & C' g
. 0< lIgp(c,a)<1l, ecnm 3HaueHMe TapaMeTpa  KPHITOCHCTEMBI

c € Gg CHUXKAET BEPOSATHOCTD YCIIECIIHOIO IPUMEHEHUS aTaKl CO 3HAUYECHUEM

napamerpa & < Ay ;

o Igr(c,a) = 1, ecin 3HaYeHHe mapameTpa KPUITOCHCTEMBI C & C g HE

BIMsET HA MPUMEHUMOCTD aTaKM ¢ apametrpom & & A

R I >1 cc(
gh (C,a) , €CJIM 3HA4YCHUC HapaMeTpa KPHHTOCHCTCMBI - — 9

YKa3bIBA€T HA TO, YTO aTaka C HapaMeTpoM a E “L]‘h npuMeHnumMa Jjigd €€
B3JIOMa.

ypOBeHI) B3aMMHOI'0  BJIMAHUA  [MApaMETPOB  KPUIOTOCUCTEMbI MW  aTaKHU
OIIPEACIACTCA Ha OCHOBE 3KCIICPTHBIX OLCHOK.

OGosnaumm uepes  lp, = €'y X A, — [0; 1] nopmuposanuyio dpymkmuio:
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Igh(c‘ (I-) -~ - .. .

Z I}? &:a}

e

-8

. [,(c.a)
1

— —
Torna ypoBens ymepba oT mpumeHenus ataku (U & A« KpUITOCHCTEME

—

c € C i
- =\ BBIYHUCIAETCA MO CIEAYIOMEH popMmye:

1(¢,d) = min [] Tp(e, as)

=18 g=15
II€ aTraka W KpPUITOCHCTEMA 3aJaHbl IapaMeTpamu (al, as, ... ,a8) u
(Cl, Cyy .ot ,05) COOTBETCTBEHHO. 3aMETHM, YTO YpPOBEHb BIIUSHHUSA BCEX

1apaMeTpOB KPUIITOCUCTEMBI Ha IIPUMEHUMOCTb aTaKH C 3aJlaHHbIM 3HAUYCHUEM
h -ro mapamerpa B 3TOi (OpMysie BBIUHCIACTCS MO MYJIBTHILIHKATHBHOMY
5

KPUTEPHIO: Hg(cg,a.h). Ecnu 3nagenue XoTs Obl OAHOrO U3 HMapaMeTPOB
g=1

KPUITOCHCTEMBEI  IIPOTHBOPEYMT  BO3MOKHOCTHM ~IPHMEHCHMS aTakd, TO

pE3yIbTaTOM OLEHKH IIPUMCHHMOCTH aTaKM K KPHIITOCHCTEME OYJAET HyJeBOE

3HAuEHHE, YTO COOTBETCTBYET HYJIEBOMY YPOBHIO yIlep0a OT aTakH.

Onpenenum pynxmuio  P(b, a@). Jlnst sToro PacCMOTPUM CEMEWUCTBO (YHKIHI
Py: B x4 —R, t=16, h=18. 3uecs GbyHKIHA Pfh_ 3aJaeT

YPOBEHb B3aMMHOTO BJIMSHHUS TapamMeTpa 3I0yMBIIUICHHHKAa D © mapamerpa
aTaku ay, :

o Py (b,a) = 0, ecin 310yMblIeHHMK €O 3HAYCHHEM HapameTpa
b OB; nu npu kakux oOGCTOATENLCTBAX HE OylET MCIONB30BaTh aTaKy CoO

3HadyeHueM mapametpa a O Ay, ;

. 0 < Py (b,a) < 1, €CIM 3HAYCHHE IApaMeTpa 3IOYMBILLICHHAKA
b € B, CHWKaeT BEPOATHOCTb MCIONB30BAHMS AaTakKh CO 3HAYEHHEM

napamerpa @ < A,

. P, (b,a) = 1, eciu 3snauenne napamerpa snoymiienauka 0 € B,

HE BIMSET HAa BEPOSTHOCTh MCIOJB30BAHMA aTaKd CO 3HAYEHHEM Mapamerpa
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. Pth (b? a.) = 1, ecim 3MOYMBIIUICHHHK CO 3HAYGHHEM MapameTpa
b € Bf ¢ OoypmIoil BEpOATHOCTHIO OyIeT WCHOJB30BAaTh aTaky co

3Ha4YeHueM mapamerpa 4 < A
VpoBeHb B3aHMHOTO BJIMSHHUS MapaMETpPOB 3NOYMBIIICHHAKA M aTaKh TaKKe
ONpeJIENAETCS IKCTIEPTAMH.

OGosnaunm uepes P, : B, x A, — [0; 1] HOpMHPOBaHHYIO QYHKLHIO:
— P, (b.a)
P, -
Z P, (8.a)
GeB
Toryia BEpOATHOCTH TOTO, YTO 3JI0OYMBINIIEHHUK b € B npennpumer araxy

—

~ |
aec A , BBIYHCIINM 110 (hopmyJie:

P(a,b) = mi P, (b, a,)

h=1,

::s

=16

—
o

rie araka M 3J0YMBIIUIEHHUK 3aJaHbl IapaMeTpaMu (al, ay, ... ,ag) u

(bl, b, ..., be) COOTBETCTBEHHO.

Takum oOpazom, odOmas (l)opMyna JUISL OTIPENENICHUS] YPOBHS PHUCKA, CBSI3aHHOTO

C IPUMCHCHUEM aTaKu a € A B YCJIOBHUAX, KOrJa 3Ta araka MOXCT OBITH

—

IIPUMEHCHA 3JIOYMBIIIJICHHUKOM b S B AJI1 B3JIOMAa KPUINTOCHUCTEMBI

—
ceC , AMEET BH/I:

R(@.5.2) —
= Hlm gh(cg:ah) . l‘ﬂm Pth (bt*ah) '
h=1 g=15 h=18 ;_ 75
— - —
Byz[eM CUNUTATh, YTO KPUIITOCUCTEMA c & C IMOJABEPIKECHA aTaKe a & -iq

—

B YCJIOBHAX, KOrJa en YIrpoxaeT 3JI0YMBINIJICHHUK b E B, €CJIn

2 ¥ s [ g— v o
R(a,b,c) > 6 , r.e. cBA3aHHBIH ¢ HEHl YPOBEHD PUCKA NPEBBILIAET 33/1aHHOE

IIOpOroBOE 3HaueHue Y , rue g [0 ] . JlomycTuMmblil ypoBEHb pUCKa
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0  spnsercs HACTpamBaeMbIM IaPaMETPOM MOJEIH YTPO3 KPHUIITOCHCTEMEI.

3naverme O sanaercs c YIETOM JIBYX KPHTCPHEB:

) KPUTHIHOCTH 3aIIUIIAEMBIX TaHHBIX;

. BPEMEHHBIX U JAPYTHX PECYPCOB, MOCTYIHBIX CIEIUATMCTY, KOTOPBIA
OCYIIECTBIISIET AYJAUT CUCTEMBI.

B oOmiem ciyuae:

. KpunrocucteMa MOXeT BKJIHOYaTh HECKOJIBKO TOJACHUCTEM (HAmpHUME,
reHepaTop KI0Yed W CHMMETPUYHBIH mH(paTop), K KaKAOW W3 KOTOPHIX
MPUMEHUM CBOM HAOOp arax;

) Ha xpuntocucTeMy MOXET HamamaTh HECKOJIBKO 37I0YMBIIICHHUKOB.
MHOXeCTBO arak, KOTOPBIM TIOJBEP)KEHA KPHUIITOCHCTEMA, COCTOSIIAS 3

=~ 1 Nale) .
IIOACUCTEM C & C (C — C ), B ycnOBI/IﬂX, Korga cu yrpoxca}OT

Ny / ro—
3JI0YMBIIIJIEHHUKU becB (B - B ), Oynem ompenenaTts mo (Gopmyie

A= U U A(E ?)’ rIe

bep’ ceC’
A\5.2) = {a cA: R@be) >0 }

PpHUCKaA. I[J'I?[ OLCHKHN  3alIMIICHHOCTH  KPHUITOCHCTEMBbI HCO6XOI[I/IMO C
HCIOJIb30BAHUCM HWHCTPYMCHTAJIBHBIX CPEACTB OLCHUTHL ¢€C CIIOCOOHOCTH

npu 3aJaHHOM YPOBHE

IIPOTUBOCTOATH aTaKaM, BXOSIIHUM B MHOKECTBO A

B onucaHHOI MaTeMaTH4eCKON MOJEIH CAEIaHbl CIETyIOIUE JOMYIEHHS:

. He yuuteiBaeTcss 3aBUCHMOCTH MNapaMETPOB aTakd OT COYETaHHS
apaMeTpOB KPUNTOCUCTEMBI, XOTS BIUSHHE KaXIOro MapaMeTpa NPUHUMAETCA
BO BHUMAaHMUE;

. He yunThIBaeTCSI BO3MOXKHOCTH COBMECTHBIX JAEHCTBHHA CO CTOPOHBI
B3JIOMIMKOB PAa3JINMYHBIX TUIOB, XOTS MOXHO 33JaTh MOJEIb HamaJeHUs co
CTOPOHBI OJTHOPOJHOTO KOJUIEKTUBA 310 yMBbIIIICHHUKOB.

VcnpaBneHne MoOJenu C Y4eTOM YKa3aHHBIX [ONYIIEHUH NpHBeIo OBl K ee
3HAUUTEJIBHOMY YCJIOXHEHMIO0. Bompoc 0 TOM, HAacCKOJIBKO 3TU JOIYIIEHUS
CHMXXAIOT TOYHOCTb MOJEIMPOBAHUS  YIpo3  O€30MacHOCTH, MOIJICKHUT
JJIbHEUIIUM HCCIIEA0BAaHUSM.

Ha ngaHHBI MOMEHT OOHApY>KEHBI JABE NMPOOJIEMBI, CBI3aHHBIE C IMPAKTHUYECKOU
peanuzanyell pa3paboTaHHONH MOJENH B BHJE NPOTPAMMHOIO MHCTPYMEHTApHs
UL ayAUTOpA:

. IlomyyeHne »SKCHEPTHBIX OLEHOK B3aMMHOIO BIMSHUS HapaMeTpPoOB
KPHUIITOCUCTEMBI U aTaKH, a TAKXKE 3JI0YMBIIIJICHHUKA U aTaKH;
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. [Monnep:xanue 6a3bl OLEHOK B aKTYaJIbHOM COCTOSTHHH, T.K.

- C PpOCTOM BBIYHCIHTENBHBIX MOLIHOCTEH, H3MEHEHHEM LIeH Ha
anmapaTHble M HPOTPaMMHBIE CPEICTBA M IIOX BIHMSHHEM IPYrux (akTropos
YPOBEHBb B3aUMHOT'O BIIMSIHHUS IAPAMETPOB MOXKET MEHSATHCS;

- C TIOSIBIICHHEM HOBBIX BHJOB aTaKk MOXKET BO3HHKHYTh HEOOXOIMMOCTBH
JOTIOJIHEHMS Pa3pabOTaHHBIX KJIACCH(HKAMOHHBIX CXeM HOBBIMU KPHUTEPHSIMHU,
4TOo MOTpeOyeT BBEACHHS HOBBIX 3aBUCHMOCTEH [UII COOTBETCTBYIOLIMX
napaMeTpoB Mojene.
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MeTtoauka oneHKHU IIpeumymecrBa HepocraTku
OTtcytcTBHE
Koappuuuent I . JIOCTOBEPHBIX METOJIOB
BO3BpATA OKasarelb, [IOHATHBII pacuera B obnacti UT
N (uHaHCHCTAM .
WHBECTHLUI «CTaTHYHBII»
I0Ka3aTellb
[lo3BossieT OLIEHUTD He yunrsiBact
LeNIeco00pa3HOCTh peanu3aiu KaqeCTBO CUCTCMBI
CoBoKymHast MpOeKTa Ha OCHOBAHMH OLIEHKHA GezonacHocTH
CTOMMOCTh TOJBKO 3aTpaT «CTaTUYHBIN»
BJIaJICHUS [Ipenmonaraer oueHKy 3aTpar Ha nokasatesb
pa3INYHBIX dTanax BCEro ITokasareb,
JKM3HCHHOT'O LIUKJIa CUCTEMBbI CHeHH(I)HqHBIﬁ s UT
ITokazaTesn, TOHATHBIN
(uHaHCHCTAM
JIMCKOHTHUPOBaHHbBIE
VY4uThIBaeT 3aBUCUMOCTD [IOTOKA
MoKa3aTesu
JICHEXKHBIX CPEJCTB OT BPEMEHHU CnoXHOCTB pacuera
3¢ GEeKTHBHOCTH
HHBECTHIMH Y4uThIBaeT BCE MOTOKU
JICHEXKHBIX CPEJCTB, CBA3aHHBIC C
peanuzanueil mpoekra

Tabdauna 1 - CpaBHUTEbHBINH aHAJHU3 METOJ0B OlleHKH 3 (PeKTHBHOCTH
HHBECTHIHIi B cpelcTBa odecneyeHust Ub

5. Pacyer 3¢)(peKTHBHOCTH KANUTAJBHBIX BJIOKEHHii B HCHOJIb30BaHHE

CK3Hu

Ha ocHoBanuu aHanuza npeuMynieCTB M HEIAOCTATKOB METOAOM OLECHKHU
3¢ (GEeKTHBHOCTH MHBECTHIMU B cpezicTBa obecreueHus MB (cMm. Tabi.1) Obut
clenaH BbBIBOJ, YTO ONTHUMAJbHBIM SIBISIETCS MemoO OUCKOHMUPOBAHHBIX
nokazameneti [19], NO3BONAIONIMIA OTYYUTh HAKGOJIEE TIOJHOE MPEACTABIECHHUE
0 IIeJIecO00pa3HOCTH KANHWTAIBHBIX BIOXKEHHUH, XOTS M TPeOyIOUMil MHOTO

BPEMCHHU U YCI/IJII/Iﬁ Ha pacueT 3KOHOMUYCCKUX IOoKa3aTesei.

OnpenenuM JeHEXHbIE IOTOKH, CBs3aHHble ¢ ucnojb3oBanueM CK3U, 3a
nepuon t (ronet =0, 1,2.... T - nepuonpl, T — ropusoHT pacyera).
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3arparer COSt; Ha mpuoOpereHHe, yCTaHOBKY W dKcruryaramuio CK3W moryr
OBbITh ONpENeNICHbl OYeHb TOYHO, T.K. OCHOBHOW OOBEM 3aTparT COCTaBISET
oriaTa Tpy/a ImepcoHaa ciryObl 0e301acHOCTH.

C zammiaemoii uadopmanumeil csazansl 3Hadenus jgoxona Profit, m ymep6a

Loss;, or HCJ] k 3aummmaemoii wuH(QOpPMAlMd B TEYCHHUE YKA3aHHOTO
mpomexxytka BpemeHu t. IlycTe pe3ynbTaTbl OLEHKHM  CIIOCOOHOCTH
KPUNTOCUCTEMBI IPOTUBOCTOSTh aTakaM, MPEACTaBIAIONINX I Hee Yrpo3y (CM.
I. 4) C HCHOJB30BaHUEM HWHCTPYMEHTAIBHBIX CPEACTB MOKa3alH, YTO C
BEpOSITHOCTBIO R; B 1 -M mepuozme 3IOyMBIIUICHHHK IOJYYHT AOCTYI K
3amuiaeMoil mHpopmanuu. Torma mMaremaTtuueckoe OXHIaHWE oxona Ry,
CBA3aHHOTO C Hcnosb3oBaHueM oneHuBaemod CK3U, Bbruncnsgercs 1o
dopmyne: o
R, = —Cost, + Profit, - (1—P,) — Loss, - P,

Ha ocHOBaHMM 3THX HAaHHBIX O IPUTOKAX M OTTOKaxX JAEHEXKHBIX CPEACTB
BBIUHCIIAIOTCS  (PUHAHCOBO-9KOHOMHYECKHE  MOKazaTedd 3¢ QPEKTUBHOCTH
MHBECTULMI B KPUITOCHUCTEMY U JCHAIOTCA BBIBOABI O €€ COOTBETCTBUM
MOTPEOHOCTSIM OpraHU3aIUH.

6. AmHajau3 pa3paGoTaHHOIT METOTUKH

K nocromHcTBaM  pa3paboTaHHO METOAMKH OLEHKH  3(PQEeKTUBHOCTH
KPHIITOCHCTEM MOXKHO OTHECTH CJIEyIOIIee:

. B ocHOBe METOIWKH JIS)KUT KOMIUIEKCHBIM ITOIXOA K OLEHKE PHUCKOB,
OCHOBaHHBIH Ha  (OpMaNM30BaHHOM  IISTHITAITHOM  MpPOLECCE  OLEHKH
3¢ PEKTUBHOCTH KPUIITOCUCTEMBI 1 MaTEMaTHIECKOH MOEIHN YIpo3.

. Meroauka SBISIETCS YHHBEPCAIPHOH M MOAXOAWT ISl OpraHW3alui
pa3IMYHOTO MacmTaba Kak IIPaBUTEIBCTBEHHOTO, TaK M KOMMEPYECKOTo
CEeKTOpa.

. MeToarka TIOMOTaeT IPOBECTH AaHAJIW3 pPHUCKOB, COYETAIOIINI
KOJIMYECTBEHHBIE M KaueCTBEHHBIE METOMIbI aHAJM3a, U CAeTIaTh 000CHOBAHHBIN
BBIOOp Mep U CPEJCTB KPUNTOTpa(PUIECKOH 3aIUTHI.

. Mertoa1Ka 0O3BOJISIET IPOBECTU SKOHOMUYECKOE 0OOCHOBAaHHE PACXOI0B
opraHmzaiuu ~ Ha  oOecrieueHHe  HWH(POpPMAIMOHHOW  Oe30macHOCTH W
HenpephIBHOCTH OM3Heca ¢ ucnoib3oBanneM CK31.

. MeToarka MO3BOISET OLEHUTb HE TOJBKO PHUCKH, CBSI3aHHBIE C
3alIMIIAeMbIMU HH(QOPMAMOHHBIMH PECYpCaMy, HO M BBITO/ly, KOTOPYIO MOXKET
npuHecTu BHeapenue CK3U.
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K memocrarkam pa3pa60TaHH0171 MCTOAMKH MOXHO OTHECTH CJICAYIOLICC:

° Vcnonp3oBaHHe METOMUKH TpeOyeT CIeNUadbHOH TOATOTOBKH U
BBICOKOW KBaJM(HUKAIINN ayAUTOPA.
° Metonrka B OonbpmIei CTENMEHW NOAXOTUT M ayguTa  yxKe

CYIIECTBYIOIINX KPUITOCHCTEM, HAXOMAILINXCS Ha CTaTUH JKCIUTyaTalldH, deM
JUTSL KPUIITOCHUCTEM, HaXOISIINXCS Ha CTaIUU pa3padOTKH.

. AyIUT C WCIONBh30BaHUEM pa3pabOTAaHHON METONMKH - JTOCTATOYHO
TPYAOSMKHI MpPOIECC, KOTOPBIH MOXKET MOTpeOOBaTh MeCsAleB padOTHI
CIIEIUANINCTA.

. Hcnonp3oBaHue  METOAMKH  MPEANOJIaraeT  HaJIU4YUe  OKCIEPTOB,
CIOCOOHBIX JTaTh JTOCTOBEPHBIC OICHKH OOBeMa MOTEPh OT pealu3alliu yrpo3
Ub;

. Ha pmanHBIE MOMEHT NporpaMMHOE OOecIieueHHe, aBTOMAaTH3HPYIoIIce
IpoIiecc TOCTPOCHUS MOIETH YIPOo3 HAa OCHOBE IaHHBIX 00 OCOOCHHOCTSX
peamm3ali  HCCIEAYEeMOH  KPUNTOCHCTEMBI ¥ THIIAX IMOTCHIIHAIBHBIX
3TOYMBIIIJICHHUKOB, HAXOAUTCS Ha CTAINH Pa3paboOTKH.
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Abstract

The software portability problem is a well-known problem in
software engineering, and there are many approaches to fix it.
Nevertheless, when the portability question is not considered in time
and unpleasant consequences happen as a result, these situations
perpetually occur.

This report draws attention to this problem. We hope to
persuade software developers and their customers to more carefully
consider the portability requirement at the initial stage of a project.
This report discusses several examples of incorrect solutions taken.
We consider the most popular approaches to fix the portability
problem and discuss their virtues and shortcomings.
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Te3ucol

[TpoGnema NepeHOCUMOCTH TIPHIIOKEHUH MEXTy MPOrpaMMHO-
anmapaTHeIMU IIaTGopMaMH HMEeT UIMHHYIO HCTOPHIO. 3a 3TO
BpeMs NOSIBUIOCh MHOXKECTBO IOIXOJOB K €€ pelieHuro. TeM He
MEHEe, MOCTOSHHO BO3HHMKAIOT CUTYalluH, KOTAA BBICHAETCS, YTO
JaHHOMY BOIIPOCY BOBpEMs HE OBLIO YAEICHO A0JDKHOE BHUMAaHUE U
9TO MPUBEJIO K HETIPUATHBIM ITOCIIEICTBUSIM.

Hacrosmuii [okiaz CTaBUT CBOEH LENBIO NMPHUBJICYb BHIMAaHHE
K BONPOCY TIEPEHOCHMOCTH TIPOTPAMMHOTO OOECIHEUYCHUs W
NOOHWTBCSA, YTOOBI M 3aKka3umku, U paspaborumku [10 Oomee
CEepbe3HO HOAXOJHIN K PaccCMOTPEHUIO TpeboBaHuUs
TIEPECHOCUMOCTHU Ha HavYaJIbHBIX JTalax ITPOCKTa. \Y b3 npeacTaBumM
TIPpUMEPHIL HOCHe[[CTBI/Iﬁ HCIAaJIbHOBHUIHBIX peHIeHI/Iﬁ OTOT'0 BOIIpOCa,
paccMoTpuM ~ HamboJee  pacHpOCTpaHEHHbIE  MOIXOABI K
obecrieuennto nepenocumoctn [10, a Takke o00cynuM HUX
JOCTOMHCTBA M HEJJOCTATKH.

Keywords: IlepeHOCHUMOCTbD; MOOHIBHOCTD;, HHTEPOIIEPAOETEHOCT.
1. Beeaenue

IIpobnema HEepEeHOCUMOCTH MPHWIOKEHUH MeXIy pa3lIuYHbIMU
MIPOTPaMMHO-aNIAPaTHEIMKA  IUTaTGOpMaMH HEHaMHOTO MOJIOXKE
COOCTBEHHO  KOMITBIOTEPHBIX  IporpamMMm. Eme B KoHIE
LIECTHIECATBIX TOJOB 03a004YEHHOCTh HEKOTOPHIX COTPYAHHKOB
AT&T Labs mpobnemoii mepeHocumoctt OC UNIX Ha HOBBIE
anmaparHble aTGopMbl NpUBeNa K CO3IaHuIo si3blka CH; OHAKO
TEMIBbl Pa3BUTUS KOMIBIOTEPHOM HMHAYCTPUM TaKOBBL, 4YTO
npoOJIeMbl  COpPOKaJIeTHEH  JTaBHOCTHM  KaXKyTCsl  JOCTATOYHO
IPOCTBIMU U PELIAEMBIMM, IO CPABHEHHUIO C TE€M, UYTO MBI HUMEEM
CEeTOHS.
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CrpemuTEeNbHOE  pPa3BUTHE  CBSI3aHHBIX C  KOMIIBIOTEPAMH
oTpacieil NPUBOAUT K IIOCTOSHHOMY TMOSIBICHHIO  HOBBIX
MIPOrpaMMHO-aIIapaTHBIX MIaT(hopM, NHPOPMAIMOHHBIX CUCTEM, U
T.IL., B TO BpeMs KaK YCTapeBIINE KOMIIJIEKCHI YXOAT B HEOBITHE.

IIpomzBoautenu I10, kxak mpaBUiIO, 3aHHTEPECOBAHBI B OBICTPOM
MIEpEeHOCE CBOMX MPOAYKTOB Ha HOBBIE CHCTEMBI, YTOOBI 3aXBAaTHTh
COOTBETCTBYIOIIYIO OJIO PhIHKA. EcCiM IpuioxeHHe HW3HAYaIbHO
MIPOEKTHUPOBAIOCH C OIIAKON HAa BO3MOYKHOCTH HOPTHUPOBAHHSA, TO
3TOT MPOLIECC MOXKET OKA3aThCs CYLIECTBEHHO JCIIEBIIC CO3MAHHA
HOBOTO TpOAYyKTa. byner mpoimie M KOHEYHBIM IOJIb30BATEISIM,
KOTOpBbIE B HOBOH CHCTEME YBUJSAT TO )K€ CaMO€ MPWIIOKEHHUE, C
KOTOpbIM  paboTald  paHbllle, YTO TaKXke CII0COOCTBYET
MOMYJIAPHOCTH IIPOIYKTA.

Vcue3HOBeHHE Ke C PhIHKA T€X MM UHBIX IUIAT()OPM IPUBOIUT K
MOSIBJIGHHUIO yHacienoBaHHoro [10 — mporpaMMHBIX NPOAYKTOB,
HEOOXOAMMBIX A1 (YHKIMOHWPOBAHWUS TOH WIM  HMHOU
OpraHM3alyy, HO TpeOyommx it paboTel  ycTapeBuieh
IIporpaMMHO-anmapaTHol miardopmel. B cirydae BeIxoza U3 CTpos
anmapaTHOTO OOECHEYEHUSI MOXKET OKas3aThCsl, YTO HAWTH eMy
3aMEHy OYEeHb CI0XKHO, JI0POT0, 3 HHOTJA U HOIPOCTY HEBO3MOXKHO,
Tak kak ycrapeBmas OC He paboTraeT Ha COBPEMEHHOM
000py/I0OBaHUU BBUAY OTCYTCTBHS HEOOXOMUMBIX apaiiBepoB. s
MHOTUX HpEeNNpUsITUI 3aj]a4a epeHoca Takux NPHIIOKEHHid B OoJiee
COBpPEMEHHOE OKpPY)KEHHE SBISIETCS KpalHe akTyaiabHOH [1,2].

2. Ilpumepbl U3 COBPEMEHHOCTH

HecMoTpst Ha TO, 4TO O HpOOJEME MEPEHOCUMOCTH H3BECTHO
JI0CTaTOYHO J[ABHO U €€ PEILEHHIO MOCBAIIEHO MHOXKECTBO paboT u
UCCIIEJIOBAHUI,  TIOCTOSHHO  BO3HHUKAIOT  CHUTyallUd,  KOIJa
BBISICHSIETCS, YTO JIAHHOMY BOIIPOCY BOBPEMs HE ObLIO YIEJIEHO
JI0JDKHOE BHUMAHUE M 3TO [PHUBEJIO K HENPUSATHBIM MOCIIEACTBHUSIM.
PaccMOTPUM HECKOJIBKO PEANIbHBIX TIPUMEPOB TAKUX CHTYALH.

Hekoropass aMepHKaHCKas KOMIIAHWs —pa3pabarbiBana  psj
MPOrPaMMHBIX TIPOAYKTOB st iatdopmer Microsoft Windows. He
Tak JaBHO PYKOBOJCTBO KOMIIAHHH OCO3HAJO, YTO AaKTHBHO
pactymuii  peiHOK mosik3oBareneit MacOS B CIHIA  Ttakke
OpENCTABISET JUIi HUX JIAKOMBIA KycO4eK, B OCOOEHHOCTH,
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YYUTHIBas OOJBLIYI0 3aHHTEPECOBAHHOCTH IIOJb30BaTEICH B HX
MIPOTyKTax.

PyKOBOJCTBO WHHIMHPOBAIO aHAIN3 BO3MOMKHOCTH BBITYCKa
npoxykroB st MacOS, KOTOPBIM BBEISBHII CIEAYIONIYIO KapTHHY.
Benymmii pa3paboTumK ONHOW W3 JIMHEEK MPOTYKTOB, MMEBIIHA
OMBIT Pa3pabOTKH TEPEHOCHUMBIX NPWIOKEHUH, 1O COOCTBEHHOU
WHHUIMATHBE OPraHW30BaJl BHYTPEHHIO apXHUTEKTYpy 3THX
MPWIOKEHNH € YETKHM BBIJEICHHEM IUTAaT(OPMEHHO-3aBHCHUMOM
(YHKIMOHANBHOCTH. B ApyrmXx  NpWIOKECHHSX  KOMIIAHHU
coOcTBeHHas! (YHKIMOHAJIHHOCTh OKa3alach TECHO 3aBsA3aHa Ha
0COOCHHOCTH IIEJIEBOM OIEpallMOHHON CHCTeMBl. B pesymbrare
3aTpaThl 10 JOpabOTKE, TECTHPOBAHWIO W BBIBOJY Ha PBIHOK
MIEpBOTO NPOAYKTa OBUIM MPU3HAHBI OKYIAEMBIMH B KPATKOCPOYHON
MepCcreKTHBe. A BOT  DKOHOMHYECKassh  ILIEIeco00pa3HOCTh
MOPTUPOBAHUS  JPYTMX TPOAYKTOB OblIa IIOCTABIEHA II0X
COMHEHHE, BBHAY HEOOXOAMMOCTH HPAKTHIECKH  IOJHOTO
IepennchiBaHne WX Kojxa. Takum o0pa3oMmM, HEBHHMaHHE K
npo0yieMe MepeHOCUMOCTH 00EpHYJIOCh NOTEpEeH YacTu MPHOBUTH U
npo0ieMaM C 3aXBaTOM MO3HMIUI Ha MEPCTIEKTUBHOM PBIHKE.

Jpyro#l mpuMep HENANbHOBHAHOTO MOAXOZAa K 3TOMY BOIPOCY
MIPOSIBWIICSL B XOJIe OpraHM3alliy MPOEKTa IO pa3paboTke Makera
CcBOOOIHOTO MIPOTPaMMHOTO obecrieueHus (CI1O) TUTS
oOpazoBarenbHBIX — yupeskaeHuid Poccum. Ilpakrtmuecku  Bee
IIporpaMMHOe obecredeHne, KOTopoe pa3padaThiBajioch MO 3aKasy
MunucrepcrBa obpazoBanust P® B mocinenume TOABI  OBLIO
NpeAHa3HAYeHO sl PaboThl HCKIIOYMTENIbHO Ha Iuiathopme
Microsoft Windows. [lostomy mpu BHenpenunu makera CIIO Ha
OCHOBE  OIEpalMOHHOW  cucTeMbl Linux  Oonbimas  9acThb
pa3paboTaHHBIX paHee OOpa30BaTENbHBIX NPOrpaMM OKa3aJlach
HEJIOCTYIIHA, M TOJBKO YacThb M3 HHX YIABaJOCh 3aIlyCTUTH C
IIOMO1IBI0 AMyJIsiTopa wine [3].

Cxoxue mpoOseMbl BO3HHMKAIM M B CTaHe KOMMEpPYECKHX
3aKa34MKOB. VI3BECTHO HECKOJIBKO CIIydaeB, KOT/a NpH pa3paboTke
WHTEPHET-CEPBUCOB  3aKa3uWK OrpaHUYMBAlCS  TpeOoBaHUEM
coBMecTuMocTH ¢ Opayszepom Internet Explorer, a uepe3 HekoTopoe
BpeMsI 110 JIaBJICHHEM KIIMEHTOB ObLI BBIHYXJIeH fopabdaTeiBats [10
Jutst mojyiepxkku Mozilla Firefox.
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IIpuBeneHHBIE TIPUMEPHI IEMOHCTPUPYIOT, KaK HEBHHMaHHE K
npobieMe IMEepeHOCHMOCTH MOXKET IIPHBECTH K  Pa3IUYHBIM
HETaTHBHBIM TEXHUYECKUM, DKOHOMHYECKUM U IIOJUTHYCCKHM
HOCIIECTBHAM:

— mpobnemam ¢ monaepxkoit [10 B onrocpodHoil NepCIeKTHBE;

—  COKpalleHWIO  JOCTYIHBIX DBIHKOB M  HEHOINOIYYCHHUIO
TIPUOBLIH;

—  TONAJaHHIO B 3aBHCHMOCTH OT OJHOTO ITOCTABIIHUKA.

Kak MBI yxe oTMeTHiH, mpobiieMa U3BECTHA JaBHO, U 32 BPEMs
SBOJIOLUH TPOTPAMMHOIO OOECIICUCHHSI MOSBHIIOCH JOCTAaTOYHO
MHOTO TIOIXOJI0B K CO3aHHIO NPHIOKEHHH, TTEPEHOCHMBIX MEXIY
Pa3IMYHBIMM CHCTEMaMH; PAcCMOTPUM T€, UTO IPEICTABISIOTCS
HanOoJee MoMyJIIPHBIMH.

3. BHHapHaﬂ COBMECTHUMOCTDH

[lepeHoc mnpuiokeHHs Ha HOBYIO IPOIpaMMHO-aNNapaTHYIO
mwi1athopMy MOXKET MpodTH 0e300Je3HCHHO IS Pa3padOTYHKOB,
€CIIM CTapasi ¥ HOBasi CUCTEMbl COBMECTHMBI Ha OMHAPHOM ypOBHE,
TO €CTh HOBasl CHCTEMa MO3BOJISICT UCIIOJIb30BAThH CTAPHIE ABOMYHbIC
(aiimel mprtokeHus 0e3 KaKuX-TH00 N3MEHCHHH.

Jdnst peanusanny TakoW BO3MOXHOCTH IieneBas Iuiatdopma
JIOJDKHA TIOJIEPKHBATH COOTBETCTBYIONIMK (pOpMAT HCIIOIHAEMBIX
¢aiiiioB u ¢aitnoB pazgensieMblx OMONMOTEK, a Takxke 00JaaTh
COBMECTUMOCTBIO Ha YPOBHE JBOMYHOTO MHTepdeiica MpuiIokeHni
(Application Binary Interface, ABI).

OnHOI M3 BaXKHBIX COCTABIISIOIIMX OMHAPHOW COBMECTUMOCTH
sBIIsieTCd Habop (QyHKIMI, mpenocraBiseMblx cucteMoi. IlomHoit
WICHTUYHOCTH TaKUX HaOOPOB OKUIATh TPYIHO, OJHAKO BO MHOTHX
cilyyasx MepecedeHHe MHOXECTB NPeIOCTaBIsIeMbIX (YHKIHHA
SBISIETCST  JOCTaTOYHO  OonbmmM. MHOTHE  NPOM3BOAMTEIH
OTIEPAIIMOHHBIX CUCTEM B HacTosIIee BpeMs 3a00TATcst 00 oOpaTHON
COBMECTUMOCTH CBOMX TIIPOAYKTOB Ha OWHAapHOM YpOBHE —
rapaHTHpyeTcsi, 4YTO TpPHIOXKEHHe, paborarolmiee B HEKOTOPOH
Bepcun OC, Oynet paboraTh 0e3 MEPEKOMIMISIIIUA B O0Jiee HOBBIX
BEPCHSIX CUCTEMBI.

CBoiicTBO OWHApHOW COBMECTHMOCTH JKECTKO CBSI3aHO C
anmapaTHOW YacThiO IIATPOPMbI — B CHIIY TEXHHYECKUX NMPUYKMH B
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olmeM ciaydae CIOXHO JIOCTHYb COBMECTHMOCTH  CHCTEM,
paboTaromMx Ha pPa3IMYHBIX apXHUTEKTypax. B  HEKOTOpBIX
KOHKPETHBIX CUTYyallUsIX OIEepallMOHHBIE CUCTEMBI NPETOCTaBISIOT
BO3MOXKHOCTh 3aITyCKa INPHJIOXKEHHH, HAIMCAHHBIX AT TOH XKe
CHCTEMbI, HO Ha Jpyrod IiatpopmMe — Tak, OICpPAIMOHHAA
cucreMa MacOS X, pabotaromas Ha KoMmbloTepax Apple c
mporieccopamu  Intel, ucmosnp3yeTr AWHAMHYECKHH TPAHCIATOP
Rosetta q1s BBINONHEHNS TPOTpaMM, IPEAHAZHAYCHHBIX IS MAIINH
¢ mponeccopamu PowerPC [4]. OpHako mOJIB30BATHECSA TaKOi
BO3MOKHOCTBIO CJIEZyeT C OCTOPOJKHOCThIO. BO MHOrMX ciydasx
COBMECTHUMOCTb ofOecrieunBaeTcss 32  CUeT  HEKOTOPOro
JIONIOJTHUTENBHOTO CJIOS COBMECTHMOCTH MEXAY CHCTEeMOH H
NIPWIOKEHHUEM, KOTOPBIM MOXKET UM HE TIapaHTUPOBAaTh IIOJIHOMU
COBMECTUMOCTM — Tak, Yyxe ynoMmsHyTas Rosetta mnossosser
UCTONHATL Koa st mpoueccopoB G3, G4 u AltiVec, Ho He mis GS.
Kpome TOro, NOMONHHUTENBHBI KOMIIOHEHT CHCTEMBI SIBIISCTCS
JOTOJIHUTENBHBIM ~ NTOTCHIMAIbHBIM ~HCTOYHMKOM ONIMOOK, a
UCTIONB30BAaHNE IOCPEAHMKA B  OOIIEM  ClIydae  CHIDKAaeT
MIPOU3BOIUTEILHOCTD.

4. TlepeHOCHMOCTH HCXOHOTO KO/

K coxanenuro, MHOTHE CyYIIECTBYIOIIHE IUIaTGOPMBI HE
COBMECTHMBI Ha OWHApHOM YypPOBHE M HE CIIOCOOHBI 3arpyxath
ucrnonHAeMble (alnel Apyr apyra (xots OBl [IOTOMY, 4dTO
UCIONB3YIOT pa3iinuHbie (popmathl (ailioB, COTJIAIICHHS O BHI30BE
(GyHKOWN 7 T.10.). ATBTEpHATHBON MCTIONB30BAaHUIO OJTHUX H TEX )K€
OWHApHBIX (DalIOB SBIJIOCH HWCIOJNB30BAHHE OJHOTO H TOTO XKE
HCXOJIHOTO KOJIa I COOPKH MPHJIOKECHUS Ha PA3IMYHBIX CHCTEMaX.

B Tte BpemeHa, korma mporpaMMmbl NHCAIACH Ha acceMmoOiepe
KOHKPETHOH ammapaTHOH 1IaT@opMbl,  JOOHUTHCS KOMITHIISIIIH
NIPWIOKEHUSI HA CHUCTEME C JpYyrod apXUTEKTypo ObLIO
MpakTU4IeCku HepeanbHo. CyIIEeCTBEHHON TOABMKKON B OITOM
HamlpaBICHWH CTal0 CO3JaHWE BBICOKOYPOBHEBBIX  SI3BIKOB
MIPOTPaMMHPOBAHUS, HE MPHUBSI3AHHBIX K KOHKPETHOM apXHUTEKType
M TIO3BOJIAIONIUX HCIIONB30BaTh OJAHHW M T€ € KOHCTPYKIHMH Ha
Pa3IMYHBIX CHCTEMaX.

Jns oOecrieueHMs] TakOH BO3MOXKHOCTH IIEJCBBIC CHCTEMBI
JOJDKHBI NIPENOCTaBIATh KOMIMIATOPBI U HCHOIb3yEMOr0 SI3bIKa
nporpaMMupoBaHus. EcTecTBEHHO, 4YTO  KOMIWJIATOPBI  JJIst
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Pa3IMYHBIX CHCTEM CO3JAIOTCS PAa3IMYHBIMU TPOM3BOIUTEISIMU H
MOTYT TOCTATOYHO CHJIBHO OTIMYATHCS APYT OT ApYTa.

YacTuuHO 3Ty mpoOieMy pemaroT MeXIyHapOoAHbIE CTaHIapThI,
CYUIECTBYIOIUE Ui MHOTHX SI3bIKOB MporpaMMupoBanus. OmHaKO
JIaJIeKO HEe BCE KOMITMJIATOPHI MOAICPIKUBAIOT CTAHIAPTHI B MOJIHOM
o0peme (XOTs, KaK MpPaBWIO, HE TMONICPKUBAIOTCS HEKOTOPEIC
cnenuduyeckue KOHCTPYKIINH S3bIKa, B IUIAHE JKe MPEA0CTaBICHHUS
OuOmMoTeYHbIX (GYHKIUH CHTyanus Topasfo Jydmre). [pyroi
npoOeMoil  SBJISIETCSI OTHOCHTENbHAsE y30CTh CTaHIAPTOB
HECMOTPsI Ha HAaIW4YKe BO MHOTHMX M3 HHX TMepedHs GYHKUHil,
KOTOpBIE JIOJDKHBI TPEOCTAaBILITHCS JIIOOOH yIOBIETBOPSIOLICH
CTaHAapTy cpelnod pa3pabOTKH, 3TH NEpPeYHH HE OINHUCHIBAIOT
CYIIECTBEHHYIO YacTh ()YHKIIMOHAIBHOCTH, KOTOpasi MOIjia Obl OBITH
NoJe3Ha TIIPH CO3JaHUM TPWIOKEHUH - Hampumep, (QyHKIUH
rpadudeckoro uaTepdeiica.

I[ToMHUMO CTaHIAPTOB S3BIKOB MPOrPAMMHPOBAHHUS, CYIIECTBYIOT
CTaHAapThl, OMKCHIBAIOIUE HHTEp(dEC NPUKIAMHBIX MPOrPaMM
(API, Application Programming Interface) — wmampumep, POSIX.
OnmHaKo TakWe CTaHAAPThl TAKKe, JOCTATOYHO Y3KH, M SIBISIFOTCS
HEIOCTATOYHBIMU ISl HAMTUCAHHSI OOJIBIIMHCTBA IPUIOKCHU.

Junst peanuzanuu GyHKIMOHATBHOCTH, HE OXBAYCHHON HUKAKUMHU
CTaHJgapTaMH, MOJIC3HBIMU MOTYT OKa3aTbCsa KpOCC-HJ’IaT(bOpMeHHLIe
OMOIMOTEKH, PEJOCTABISIONINE HEOOX0ANMBIH HabOp (YHKIMH —
HampuMep, CYIIeCTBYeT psn  OWONMOTeK 1O CO3JaHus
rpaduyeckoro uHTEepderica, KOTOpble MOXKHO HCIOJIB30BaTh KaK B
Windows, tak u B Linux.

5. Hurepnperupyemble siI3bIKH

Eme opauM marom 1o 0OECIeUeHHI0  MepEeHOCHMOCTH
MIPUIOKEHUHN SBUIIOCH UCIOJIb30BAHUE MHTEPIPETUPYEMBIX SI3BIKOB
— T.e. A3BIKOB, HCIOJb30BAaHUE KOTOPBIX HE IOJAPa3yMeBacT
co3maHus  HCTONHSAeMBIX  (aiimoB B ¢opmare  IeneBOH
OIIEpallMOHHOM  cucTeMbl. BMecTo  3TOro  MHTEpIpETaTop
MOCTICIOBATENbHO  CYUTHIBAET M BBIIOJHIET  HMHCTPYKIUH
HEINOCPEACTBEHHO U3 TEKCTA IPOTPaMMBl.

Opnako HIPSIMOJIMHEHAS MHTEPIIPETALNA JIOCTaTO4YHO
Hed(peKTHBHA — Yy  HHTEpIperaropa  IMpPaKTHYECKH  HET
BO3MOXKHOCTEH Ui ONTHMHM3alUM Koja. JIos MOBBINICHUA
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3¢ GeKTHBHOCTH BO MHOTHX si3bikax (Java, Perl, cemeiicteo .NET)
HUCXOJHBIM  KOJ ~ CHayaja  TPaHCIUpPYeTcd B  HEKOTOpOe
NIPOMEXYTOYHOE TpejacTaBieHue (0alT-Kox), KOTOPBIA  yxke
MOJTaeTCsl Ha BXOJ] HHTEPIPETATOPY.

Eme Oompmreli mpoOW3BOANTENHHOCTH YIAETCS JOCTUTHYTH IIPH
WCTIONB30BaHuH KoMmmranuu “Ha nety”’ (Just In Time compilation),
Korga 0aiT-KoI TpaHCIUPYETCS B MAIIMHHBIN KOJ BO BpeMs paOOTHI
nporpamMbl. OmHako paspaborumkam JIT-KOMIHISTOPOB Takxke
MIPUXOIHUTCS UATH Ha KOMIIPOMHCC MEKAY BpeMEHeM, yXOIIIINM Ha
ONTHMHU3AIMIO, ¥ O3(PQPEKTUBHOCTBIO IMOJy4yaeMoro Koja, B
pe3ynpTate 4Yero MNpPOM3BOJAUTEIBHOCTh IMPUIOKEHHH MOXET
yCTynaTh KOAY, CO3/aBaeMOMy “‘OOBIYHBIMU~ KOMITHJISITOPAMH.
Kpome TOro, ucroigp30BaHHE AAHHOW TEXHOJOTMU YBEIMYMUBACT
norpedneHue aMsTH MPUIOKEHUEM, MOCKOJIBKY
OTTPAHCIMPOBAHHBIN KOJ TaK)KE XPAHUTCS B ONEPATUBHOMN MaMSTH.
Taxxe ciegyer UMeTh B BHIY, YTO 3(PPEKTHBHOCTH peaTn3allidi
HHTEPIPETaTOPOB, Takke Kak U JIT-KoMIUIATOPOB, HA Pa3IIMIHBIX
mwraThopMax MOXKET OTIHYATHCS.

6. Omyasuus ABI npyrux cucrem

I'oBopst 0 GUHAPHON MEPEHOCHUMOCTH, MBI YK€ YHOMSHYJIH, YTO B
psAAe ciydaeB OIEpalMOHHAs CHCTEeMa MOXET o00ecrednBaTh
OMHApHYI0 COBMECTHMOCTb C JIpyrod CHCTEMOW 3a cYer
JIOTIOJTHUTENBHOTO CJIOSI COBMECTUMOCTH. B0O3MOXHOCTH caMux
CHCTEM B 3TOM IUIaHE JOCTATOYHO OTPaHMYEHbl — KaK IPaBUIIO,
Takod  CJIOH  COBMECTMMOCTM  BBOAUTCS M MOAJEPKKH
NIPWIOKEHUI TOU Ke CaMOI CUCTEMBI, HO JUIsl IPYTOd apXUTEKTYPBI.

B TO ke Bpems CymecTByeT MHOTIO pa3pabOTOK, MO3BOJISIOIINX
3arpyxath  (aiiipl  APYrMX  OINEpalMOHHBIX CHUCTEM IyTeM
WCTIONB30BaHUSl TPAHCIIATOpPA, CIIOCOOHOTO 3arpykaTh (hailibrl
Tpedyemoro ¢dbopmara,  mpeoOpazys  BBI3OBBI  (DYHKIUH,
OCYIIECTBIIIEMBbIE BHYTpPH (haiila, B COOTBETCTBYIOIINE BBI3OBEI
tekymeit OC (dakThdyeckw, Takol TpaHCHsITOp peanusyeT ABI
CTapoii CHCTEMBI B HOBOH CHCTEME).

B  xawectBe mpmmepa MOXHO TpuBecTH wine  [3],
TIpeIHa3HauYeHHBIH IS 3amycka Windows-npunoxennii B Linux, a
TaKke cygwin [5], obecrieunBaronuii MEPEHOCUMOCTh B 00paTHYIO
cropony. Ilpm »TOM, HampuMep Wwine [JOCTaTOYHO JIETKO
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UCTIONB30BaTh KaK dYacTh MPHWIOKCHHS, HE IIOJArasch Ha €ro
JOCTYITHOCTb B IIETICBOM CHCTEME.

HenocratkoM MCTIONB30BaHMS TAKOTO POAA SMYJIISITOPOB SIBISIETCS
MOTCHIATIBHASL HETIOJTHOTa peanuzanyun unHTepdeiica,
HEOOXOIUMOTO TpWIOKeHnI0. Tak, pa3paboOTYMKM TOTO Ke wine
OpUEHTHPYIOTCS Ha MYONWYHO AOCTYHHYI0 WHpopMmanuio o0 API
Windows (mampumep, cranmapr ECMA-234); Ttak d9To eciH
NPWIOKEHNE  HCIONB3YeT  KAaKWe-TO  HEAOKYMEHTHPOBAHHBIC
Bo3MoOKHOCTH 3ToW OC, TO TOMBITKA €ro 3amycka B wine MOXKeT
0Ka3aTbCs HEYIaqyHOU.

7. Beﬁ-cepBI/Icm H CEPBHCHO-OPUCHTUPOBAHHAA APXHUTEKTypa

Heo6xoanMoCTh CO3/1aHMS CIIOXKHBIX PAaclpelelICHHBIX CHCTEM
IpuBeNa K CO3JAaHMIO IapajurM, MOJApa3yMEBAIOLINX pa3OHeHHe
CHCTEMBbI Ha OTEIbHBIC KOMIIOHCHTHI, B3aUMO/ICHCTBYIOIINE APYT C
JIpYyroM II0 CTPOTO OINpeleNeHHBIM IpoTokonaMm. Ilpm Ttakom
MOAXOAE  KaXObld  KOMIIOHEHT  MOXET  pa3pabaThIBaThCs
HE3aBHCHMO, a IIPOIECC €ro IepeHoca Ha Jpyrywo IuaTdopmy
HHUKAaK HE 3aTParuBaeT JIpPyTruX 4acTeil CHCTEMBI.

K omHoli W3 TepBBIX TIONBITOK ONWCAHUS MEXaHHW3Ma
B3aUMO/ICHCTBUSI KOMIIOHEHTOB PACIpeeIeHHON CHCTEMBI MOXKHO
otHecTH crierdukanuio CORBA (Common Object Request Broker
Architecture), pazpaboranrayto koHCOpIIEyMOoM OMG [6].

Omaako CORBA B cmny psiaa NpuYuH HE CHHCKana OOJBINON
TIOMYJIIPHOCTH, ¥ B HACTOSIIIIEe BpeMs ropaszio OOJbIIMH MHTEpec
MIPOSIBIISIETCST K BeO-cepBHCaM, MCIONB3YIOIMM POTOKOJIBI 0OMEHa
coobmenmssMu Ha 0Oaze XML. Ilpu TpOEKTHPOBAHUH CIOKHBIX
pacIpeseNeHHbIX  MPOTPaMMHBIX ~ KOMIUIEKCOB  HCIIOJIB3YETCS
napajurmMa CepBHCHO-OPHEHTHPOBAaHHOW apXHUTEeKTypsl (Service-
oriented architecture, SOA [7]); mpum 3TOM HpOrpaMMHbIE
KOMIUIEKCHI 4acTO Pean3yloTcsl Kak Habop BeO-CEpBHCOB.

8. Bupryaauszanus
B psage coydaeB anmsg 3amycka TIPWIIOKEHHH HEO0OXOAMMO

ammapaTtHoe oOecredeHne, KOTOpoe B CHWIy psija MpUYHH HE
JOCTYITHO YeJIOBEKY, 3aIlyCKaromeMy mporpamMMy. B takom ciryuae
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Ha MOMOIIb MPUXOIAT BHUPTYAJIbHBIE MAIIWHBI, SMYJIUPYIOIIHE
paboTy HekoTopoil ammapatHo 1ardopmbel. Ha - Takoit
BUPTYaJIbHOI MalllMHE YCTaHABIMBACTCS ONEpalMOHHAs CHUCTeMa H
Ipyroe OKpYyXXKEHHe, HEOOXOIUMOe IPUWIOKEHHIO, a CcaMo
NPUIIOKSHUE 3aITyCKACTCsl yKe B POIHOM JUIs HETO cpefe.

Bo3MOXHOCTB 3allycKa NPUIOKECHHS Ha BHPTYaJIbHOH MAallMHE
3aBHCHUT, B OCHOBHOM, OT BO3MOXKHOCTEH CaMOil MalIMHBI, HEXEIn
OT pa3pabOTYMKOB INPHIOKECHUS. TeM He MeHee, IPOrpaMMBl,
paboTarolme C amnmapaTrypod HampsAMyl, MOTI'YT BCTPETHTb
OIpe/ieNiCHHbIe TPYIHOCTH, IIOCKOJBKY MM OyAeT HIpenocTaBlicH
JIOCTYH K  YCTpPOWCTBaM  BHpPTYaJbHOW MAIIMHBL, a He
HETIOCPENICTBEHHO KoMITbIoTepa. Takas 0ocoGEHHOCTh OrpaHUYMBACT,
HampuMep, BOBMOXKHOCTb PaboThl ¢ TpadUYECKUMHU YCKOPUTEISAMHU
W3HYTPU BUPTYaJIbHBIX MAIIUH.

HUcnonpzoBaHue BUPTYaJbHOM MaIIUHEI JOCTaTOYHO
peCYypcoeMKO — BeAb IIOMUMO COOCTBEHHO MPHIIOXKCHHUS, PECYPCHI
KOMIBIOTEpa  NOTPEOJSIIOTCS — caMOW — MAIlMHOW, a  Takxke
paboTalOIMMH BHYTPH Hee NpOrpaMMaMH, HEOOXOAWMBIMHU IS
(GYHKIMOHUPOBaHMS NPHIOKCHUS (HampuMmep, ONepanoOHHON
cuctemoif).  IlosToMy  BBIMIPHIII B NPOH3BOJUTEIBHOCTH
JOCTHIaeTCsl, KaK IMPaBHIO, TOJBKO B Cilydae 3allycka MalldH,
IMYJHMPYIOLIMX JOCTATOYHO MAJIOMOIIHBIC IUIaTGOpMBI Ha Ooiee
NPOU3BOAUTENBHBIX CHCTEMAX.

9. 3akiroueHme

Ecmn HeBHMMaHHWe K TpoOieMe MEpEeHOCHMOCTH TPHBOIHUT K
HETaTUBHBIM TOCIICJCTBHSAM M CYIIECTBYET MHOYKECTBO IyTEH IO ee
PEIIeHHI0, TO BOSHUKAET BOIPOC: Tak noyeMy ke UT uHayCcTpHs He
niepeoprueHTupyeTcs Ha pa3padboTky nepeHocumoro [10. HecnoxxHo
Joragarbes, 4Tro paszpabotka nepenocumoro I1O wumeer cBom
HEIOCTATKH.

Cpenu pacCMOTPEHHBIX BUAOB MNEPEHOCUMOCTH MPUIIOKEHUIH
OUEHb NPUBJIEKATEIBHBIM C TOYKH 3PEHHsI pa3paOOTYHKOB SIBISETCS
MIEpEeHOC HETIOCPECTBEHHO OMHApHBIX (haifjloB Ha HOBYIO CHCTEMY,
MO3BOJISIIOIMIM  IIPM  OTHOCHUTENbHO HEeOONbIIMX 3arparax (B
OCHOBHOM yXOZSAIIMX Ha TECTUPOBAHWE) MOIYYUTh Ha HOBOH
cucreme MIPUWIIOKEHHE, HMEIOIEe  BCIO HEOOX0AUMYIO
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(yHKIIMOHATBHOCTE. [Ipy 3TOM MOTEpU B  MPOHM3BOAUTEIHHOCTH
€CJIM ¥ BO3HUKAIOT, TO COBCEM HEOOJIbIIIHE.

Opnako ans 060t OC uncino mrathopM, COBMECTUMBIX C HEH
Ha OWHAapHOM YpOBHE, [IOCTATOYHO HEBEIHKO. lcmonp30BaHUEe
SMYJSTOPOB MOXKET PACHIMPUTH MX KPYT, OJHAKO SMYJIATOp —
JOTIONTHUTENBHBIA TTOTEHIINANBHBIN HCTOYHHUK OIIHOOK, KOTOPBIi
MpH STOM MOXET W HE TPEAOCTAaBIATH BCEX HEOOXOIUMBIX
¢GyHKIHH.

[ToTenmmansHO OONBIIMIT OXBAT AA€T MEPEHOCHMOCTH UCXOIHOTO
koma. CIHOXHOCTH TIOPTHPOBaHHA B OTOM CIy4ae MOXKET
BapbUPOBAaThCS B 3aBHCHMOCTH OT TOTO, HACKOJNBKO TaKas
BO3MOKHOCTh ~ yYHTHIBAaCh TPH  pa3paboOTKe IPHIIOKEHIS,
MOJIE3HOW C OJTOW TOYKH 3PEHUS SBIICTCS OpHUEHTAlUs Ha
paszmuyHble  WHTepQeEiCHBIE CTaHOApTHl, pErJIaMEeHTHPYIOIIUE
B3aUMOJECHCTBUE NPUIIOKEHUS C OKpyxkaroued cpenoil. Ho
CYIIECTBYIOIINE CTAHAAPTHl OXBaTHIBAIOT JOCTATOYHO HEOOJIBIIYIO
(YHKIMOHATBHOCTE, B psiie  CIy4aeB  MOXET  IIOMOYb
WCTIONB30BaHUE KpPOCC-TUNIAT(POPMECHHBIX OHOIHOTEK, IOPYTOH XKe
AIBTEPHATHBON  SBISCTCS WCIONB30BAHUE HHTEPIIPETUPYEMBIX
SI3BIKOB.

CrenuduKanuy TaKWX S3BIKOB HE IPHUBS3aHBI K KOHKPETHOM
mwratpopMe U MOKHO IOJIAraThCsi HA TO, YTO MHTEPIPETATOPHI Ha
Pa3HBIX CHCTEMaX HOJICP>KUBAIOT OJWH M TOT K& HaO0Op (QYHKIIHA.
Cpemun HENOCTaTKOB TMOAXOAAa MOYKHO BBIJCIUTH MEHBIIYIO
MIPOU3BOTUTEIHLHOCTD IT0 CPABHEHUIO C OMHAPHBIM KOJOM.

Apxutekrypa SOA 3arparmBaer Oojee CIOXHYIO TpoOieMy
OpTaHW3aIlUA CIOXHBIX TPOTPAMMHEIX KOMIUIEKCOB, TIpeyaras
CTPOWTh WX B BHAC HA00Opa JJOCTaTOYHO H30JHPOBAHHBIX
KOMIIOHCHTOB, KaXKIbIi M3 KOTOPBIX MOXET paboTaTh Ha CBOCH
COOCTBEHHOM TUIATGOPME U B CIy4ae HEOOXOJUMOCTH MOXKET OBITh
MepeHeceH Ha JApyryr (inbo 3aMeHeH Ha albTepPHATUBHYIO
peanm3anuio).

Hcnonp3oBaHue BHPTYyalbHBIX MAIIMH TakXke HE TpedyeT
OOJNBIIMX YCWJIMHA CO CTOPOHHEI paspaboruymkoB [1O, XoTs 3TOT
croco0 JOCTaTOYHO HAKJIAJCH, KaK B CMBICIIC TIPOU3BOAUTEIIEHOCTH,
TaK W BBHAY HEOOXOIUMOCTH HMETh JIMICH3MH Ha BCE
HCIOJIb3YEMBIE onepalruOHHbIe CHCTEMBI. [Ipumenenue
BHPTyaJIU3al[id OMNPAaBAaHO B TEX CIydasX, KOTAa IEpPeHOC
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NPWIOKEHUS KaKUM-TO  JPYTHM  CIHOCOOOM  IpelcTaBIIseTcs
9KOHOMHUYECKH HEeIPPEKTHBHBIM. B WacTHOCTH, 3TO OTHOCHTCS KO
MHOTHM YHACJICIOBAaHHBIM CHCTEMaM, JUIl KOTOPBIX MOPTHPOBAHHE
Ha HOBYIO 1UargopMy o3Hayaso OBl MPAKTUYECKH MOJTHOE
HePENUCHIBAHUE TIPHIIOKECHUS.

B Tabimue 1 MBI mocTapanuch OTPA3UTh BIMSHUE Pa3IMYHBIX
METOJMK, HCIOJIb3YeMBIX UL YBEJINYCHUS TIEPEHOCHMOCTH
NPUIOKSHHUS, Ha Ipouece pa3paboTKH, a TAakke Ha XapaKTEPUCTHKH
HOJTy4aeMOr0 MPOIYKTa.

OpueHtanus Ha cymecTBymomme craHmaptsl [10 monesHa B
TFOOOM CiTydae, OJJHAKO He SIBISIETCS IaHaleed oT BceX Oex BBUILY
OTHOCHTENBFHOH y30CTH (WM Ja)Ke OTCYTCTBHIO) CTaHZAPTOB BO
MHOTHX 00nacTaxX. Vcrosip3oBaHHE pa3iIWYHBIX MEIHAaTOPOB
(6bubnmotex, WHTEPIPETATOPOB,  JOIOJHUTEIBHBIX CIIOCB
COBMECTUMOCTH), OTIEJICHHBIX OT CAMOT'0 NPHIOKEHHS, PACIIUPSCT
YHCIIO TOTEHIWAJBHBIX IeleBhIX cucTeM. OpHako pa3paboTka
MEIUaTOPOB COOCTBEHHBIMU CHJIAMH BEJeT K YBEIHYCHHIO 3aTpat
Ha TPOM3BOJCTBEHHBIH MPOIECC; HCIOIb30BAHUE XK€ CTOPOHHUX
NPOAYKTOB CTaBUT pa3padOTYMKa B 3aBHCHUMOCTh OT JPYIUX
NOCTaBIIMKOB. TO e caMoe BEpHO M Ul OMYJIATOPOB H
BUPTYaJbHBIX MAIlMH — UCIIONB30BAaHHE TOTOBBIX PEIICHUIT
JIOCTAaTOYHO JenieBO ((aKTHYECKH, NMPU TOM HEOOXOIMMO JIHIIb
JIOTIOJIHUTEIFHOE ~ TECTHPOBaHME B  HOBOM  cUCTeMe  IUIOC
COOTBETCTBYIOIME JIMLIECH3MOHHBIE OTYUCIICHHS), OJHAKO CTABHUT B
3aBHCHMOCTh OT MX IPOM3BOIMTENCH. PHCKH 3aBHCHMOCTH
CHI)KAIOTCSl TPU  HCIOJB30BAHMU CBOOOJHBIX KOMIIOHEHTOB C
OTKPBITHIM ~ KOJIOM, TaK KaK TEepPCIeKTUBBl pA3BUTHA ITHX
KOMIIOHEHTOB CTAaHOBATCS 00JIee yIpaBIIsIeMBIMH.

[oxBoast WTOTM, OTMETHM, 4YTO BO3MOXHBI CHTYallHH, KOTJa
oTKa3 oT oOecrieuyeHHs IEPEeHOCHUMOCTH paspabarbiBaemoro 110
OTIpaBJIaH; HaIpUMeEp, C J0CTATOYHO OOJBIION /10JIel BEPOSITHOCTH
Takol BbIOOpP OyZHeT BBITOJIEH B KPaTKOCPOUYHOW IEPCHEKTHUBE.
OnmHako TpW CO3JaHWM NPOJIYKTOB, KOTOpBIE IUIAHHPYETCS
MOJ/IEP)KUBATh B TEUEHWH JOCTATOYHO JJIMTEILHOTO IIEpHOJa,
obecrieueHHe MEPEHOCHMOCTH MOKET OKa3aThCsl OJHUM U3
KIIOYeBbIX  (akrtopoB  ycrexa. [loBelmieHne  MOOWIBHOCTH
NIPWIOKEHNST B OOIIEM cilydae BCErJa CBS3aHO C YyBEIMYEHHEM
pacxosoB Ha ero pas3paOOTKy; OJHAaKO YeM paHblle 00 3TOH
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npo0eMe 3aIyMaroTCs pa3pabOTINKN U apXUTEKTOPHI, TEM MEHBIIIE
OyIeT CTOMMOCTH TIEpEeHOCa NPHIOXKEHHUS Ha HOBYIO ILIAT(GOpMYy.
ITosTomMy xoTenock OBl TOMYEPKHYTH, YTO BOMPOC OOECIICUCHHS
MIEPEHOCUMOCTH CIIEAyeT PacCMaTPUBATh B CAMOM Hadaje IPOEKTa,
Ha CTaguM TPOCKTHPOBAaHMWSA H  BBIOOpPA TEXHONOTHH W
WHCTPYMEHTOB, KOTOpbIE OyAZyT HCIOIB30BaHbI IIPU €O
peanu3amym.
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Tabauna 1. CpaBHUTeJbHAasAd  XapaKkTepHUCTHKAa  MyTeH
JOCTHKEHUSI EPEeHOCHUMOCTH
Opuenrtan \Meanatop CoOctBeHHB! OMmyisiius |Bupryanmzarms
us Ha | bl € MEINATOPhI
CTaHAapThl  CTOPOHHU
X
pa3paboru
HKOB
IIpounsBonu- He Bnuser | Bo3moxxno | Bo3moxxno | CHmkaerc |CHukaeTcs
TENBbHOCTh CHIDKCHHE  CHHXEHHE |
Y nopoxxanue Hom. Her (nmpm Ha, 3aBucur Ilpaktmue IlpaxTrdecku
pa3paboTku 3aTpaThl  |HAaJUYUHA | OT YHUClla |[CKM ~ HET HET (mpu
u3-3a TOTOBBIX | LIEJEBBIX (mpu HaJIU4uu
Y30CTH pelIeHuit) |cucteM HaJM4UU  TOTOBBIX
CTaHAapPTO TOTOBBIX  PEHICHUN)
B pereHuit)
YBenuueHue Hom. Hesnauure [la, 3aBucut IIpaktuue Her (mpu
CPOKOB pa3paboTKu |3aTpaThl  |JIbHO oT YHcia | CKU HeT HATMYUHU
u3-3a LIEJEBBIX TOTOBBIX
Y30CTH CUCTEM pernieHuit)
CTaHAapPTO
B
Pacmmpenue B pamkax Ha B Ha Ha CHUCTEMBI,
pBIHKA oxBaTa CHCTEMBI, COOTBETCTBH CHCTEMBI,  COJEpIXKAIlHe
CTaHIapTa OXBau€HH | C |cozieprKall BUPTYaJIbHYIO
bIE COOCTBEHHBI 1€ MalIMHy
MeauaTopa MU SMYJIIATOP
MH BO3MOXHOCT
SIMH
HonrocpouHnast CymectBe 3aBucutr o 3aBuUCUT  3aBUCHUT oT
HOJ/IepIKKa HHO oT 3aTpaThl Ha OT TOAJIEPIKKH
oOnerdaer MOJAEPXKK TOMJIEPKKY | MOAICPKK  BHPTYabHBIX
cs u MEINaTOpPOB MaITiH
MeInaTop SMYISITOPO
OB B
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Abstract

Procedure approach that is widely used in organizations allows
to understand whether project team follow established process or
not. But unfortunately this approach do not ensure problem
identiication on the early stage and do not allow as to be sure in high
quality of product.

Following to all established procedures do not ensure base for
software qulity evaluation. Such approach depend on quality of
procedure and qulity of it’s execution. So the main imperfection of
this approach is in the fact that project managers do not have
quantitative methods to evaluate quality of the product. The only
one thing that is transparented for them is whether planned task
were completes or not.

The approach described is based on quantitative management
and help to resolve this problem. In the article testing process was
choosen to demonstrate main principles of quantitative management
approach realization that allow to establish quantitative goals,
analyse processes and develop and implement corrective/preventive
actions earlier.

Keywords: Quantitative management; statistical management;
CMMI-DEV ver 1.2; testing.
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Te3ucol

IIpouenypHslii MOAXOJ, WIKMPOKO NPUMEHSIEMBbIA Ha NPAKTUKE,
MO3BOJICT YOSAUTHCS B CICIOBAaHUU MM OTKIOHCHHAX OT 3apaHee
3aIIaHUPOBAaHHBIX IpoueccoB. Ho, Ucnonb3yst 3TOT NOAX0A, JAJIEKO
HE BCerJa YOaeTCs 3apaHee BBIIBUTH IMPOOJIEMBbI HIH OBITH
YBEpEHHBIM B JIOCTIDKCHHH TpeOyeMOoro ypOBHS KadecTBa
pa3pabaTbIBacMOii MPOrpaMMHON CHCTEMBI.

Wuaue roBopsi, OJHO JIMIIb BBHIIOJHEHHE Habopa MpoLeaAyp He
obOecrieuMBacT OCHOBY /IS OICHKH KadecTBa pa3padaThIBacMOit
MpOrpaMMHOM cucTeMbl. boiee Toro, Takoil moaxox B BhICLIEH
CTENEeHH 3aBUCUT OT KadecTBa MpPOUEAYphl M OT KadyecTBa ee
BbINOJHEHUsI. OCHOBHOM HEAOCTAaTOK HPOLEAYPHOTO  IMOAXO0JA
COCTOUT B OTCYTCTBUHU Y MEHEIKEPOB MPOEKTOB KOJIMUYECTBEHHBIX
CIoco0OB, ¢ TTOMONIBIO KOTOPBIX OHU MOTJIM OBl OLIEHUTh Ka4eCTBO
pa3pabaTbiBacMOil ~ TPOTPaMMHOM  CHCTEMBI,  ©IUHCTBEHHBIHN
BHIOVMBIA WM (aKkTOp TOKa3bIBaeT, OBUIM JIM  BBIIIOJHEHBI
3aIyIaHUPOBAHHBIC 3aJaUH.

OmnwucaHHBIN B JOKIaAE TMOAXO (PACCMOTPEHHBIA Ha TIpPUMEpe
mporecca  TECTHPOBaHUs), OCHOBAaH Ha  KOJIHUYECTBEHHOM
VOpaBlIeHUU JaHHBIMH W TO3BOJSIET PEIIUTh JTy Npoodiemy,
YCTaHaBJIMBATh KOJMYECTBEHHBIE LIEJIH 110 KAUE€CTBY, AaHAJIU3UPOBATh
MpoIlecCHl W CBOCBPEMEHHO pa3padaThlBaTh U IMPEIIPUHSTH
KOPPEKTHPYIOLIHE H/WIH MPEIYIPEKAAONINE NCHCTBUSA- MPHUEM
9TO MOXKHO CZeJaTh Ha Ooyiee paHHEW CTaJHd, KOTJa [IeHa OIMUOKH
elle He Tak Jopora.

Keywords: KkonuuecTBeHHOE  yNpaBlICHHE; CTATHCTHYECKOS
ynpasienue; CMMI-DEV ver 1.2, rectupoBanue.
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1. HNpuHDUNBI KOJIHYEeCTBEHHOT0 ynpaBjaenusi B Mmogean CMMI

1.1. pakTuku CMMI-DEV BepcHH 1.2 no
KOJINYeCTBEHHOMY YIPaBJIeHHIO
B TIPe3CHTAHN OoymyT paccMOTpEHBI BO3MOJKHBIC
MPAaKTUYECKUE IIard MO BHEIPEHUIO MPAKTUKH CTATHCTHYECKOTO
yIpaBJeHHE Ha IPUMeEpE TPOIiecca TECTUPOBAHHUS.
Ha pucynke mpuBezeHa cxema o0JacTH YCOBEPIICHCTBOBAHHE
“YmpaBieHUEe MPOCKTOM Ha OCHOBE KOJIUYCCTBCHHBIX TAHHBIX' IO
mozaenu CMMI-DEVsepcuu 1.2.
Takum 00pa3om, MpH BHEAPCHUU MPAKTUKUA CTATUCTHYCCKOTO
yIOpaBJICHUS, OPraHU3aIllMM HYXKHO TNPEANPHHATH CJCIYIOIIUC
OCHOBHEIE IIATH:
®  ONpe/CTuTh, B KAKOW MHGOPMAIIMU HYKAACTCS KOMITAHUS
(xaxue menu OyAyT IMOCTABJICHEI),

®  ONpeAeTUTh  METPUKH,  OTpPAKAIOIIHE  JOCTIKCHHE
MMOCTABJICHHBIX LIEICH,

®  ONpedeNuTb, Kakhe MOJIIPOIECCH, BIWAKOIINE Ha
JOCTIDKEHHE TTOCTABJICHHBIX IeNel, OyAyT CTaTUCTHICCKH

yIpaBIATHCS,

e ompenenauTth, Kak  OyIyT  TPOTEKaTh  MPOLECCHI
CTaTUCTHYECKOTO U KOJIMYECTBEHHOT'O YIIPABICHUSIO

e  BrImonHATH MPOIIECCHI KOJINYECTBEHHOTO u

CTaTUCTUYECKOTO YIPaBJIECHHUS.
IIpesenTarnust OyZeT B OCHOBHOM IIOCBSIIIEHA IOCIECTHUM JBYM
ITYHKTaM.

1.2. Hexoroprie ompenesieHusi W BaKHbIe HCXOTHbIE
NO3HIHH
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KonnuecTBeHHOE yrpaBjieHHEe — 3TO MPOIECC UCIOIb30BAHMUS
JNAHHBIX MPOCKTHBIX M3MEPCHHUH, OOpa0OTaHHBIX C IOMOIIBIO
CTAaTUCTHYECKOTO YOPABICHUS MOANpoIieccaMu (I KaKHX-TO
JOPYTUX METOAOB) IUIA:

e  ompelesieHUss TOro, oOecrmedar JIM TeKyllHe 3HAYCHUS

[Lienw npoexTa 8 ofnacTi kavecrea u|
LN, CaR3aNHbIe C BLINOMHEHWEM
npoueccos.

Cocrasuri
onpepenenHL NPOLECE

[ Veranosvms uenw npoexral

BuiGpanibie NOATPOLBCCS!

MpoH03b OTHOCHTENbHO KasecTa
BLINONHeHHA NPOLIECCA

BuiGpars noAnpoLeccs,
ANS ynpaBneHw npun
e

KoppexTvpylouine mepbi

Xpauanuue wamepersti
opranaaLym

Vnpagnats wetonos

CTa6MbHOCTS M NPeACKasYeMOcT
eccon

Becri Habrionenws 3a
BHINONHEHMEM
BbIGPAHHbX
noAnpoLieccon

BuiGpaTh HIMEPEHS U
@HANUTHHECKME METOMKM

mapamMeTpa Ipolecca BBITOTHEHHE TPeOOBaHUN K HEMY B
KOHIIE MPOEKTa,

® eClIM TEeKyllue pe3yibTaThl HE [al0T YBEPEHHOCTH B
BBIMIOJIHEHHHM KOHEYHBIX TPEOOBAaHUI, TO OMNpEIcICHUE
KOPPEKTHPYIOLIUX JICHCTBUI, KOTOPBIC IOJDKHBI OBITH

IpEAIPHUHATHI JUIA obecreueHus JOCTHXKCHUA
YCTaHOBJICHHBIX,

e [locnenyroniero KOHTPoOJs 3HPEKTUBHOCTH MPEATIPUHSITHIX
Mep.

Crarucruyeckoe ymnpaBjeHHe — 3TO  HCIIOJIb30BaHHE

CTaTUCTHYCCKUX MECTOJ0B JIA O6pa60TKI/I 1 OLCHKHU PE3YJIbTATOB
H3M€peHHI7[ napaMeTpoB MNPOLCCCOB B IIPOCKTE. B pe3yabTaTe

MPUMEHCHUA TaAKUX METOAOB CTAHOBUTCS BO3MOKHBIM:
o OIIPEACIATE TI'paHUIbI, B KOTOPBIX 3HAYCHUA IIapaMeTpa
MOTyT HaxOAWUTLCA, €CIN TMOAINPOUECC BBINOJIHACTCA

335



mraTtHo (T.e. TpEICKa3piBaTh 3HAUCHHE Mapamerpa
moJIporiecca),

®  OmpeleNATh 3HAYCHUS KOHTPOIUPYEMOTO MapaMmeTpa,

KOTOpBIE SIBIISIIOTCS CJICACTBHEM BO3JCHCTBHS KaKHUX-TO
0COOCHHBIX (€IMHOBPEMEHHBIX) IPUIHH.
Baxxnble 3amedanus:
e  mapaMeTpsl MoJrporiecca, BBIOMPAaEMOro Ut
CTaTUCTUYECKOTO YIPABIICHUS JOJDKHBI BIHATH HA LIENb
(omry w3 memneil) mpoekTa. OTO JAacT BO3MOXHOCTb,
KOHTPOJHUPYS CTATHCTUYECKU MapaMeTp MOJmporecca
oOecrieynBaTh YIPABICHHE JOCTH)KCHUEM IPOCKTHOM
1IeJH,
® [OANpPOIECC,  BHIOMpAaEMbIH Uil CTaTUCTUYECKOTO
yIipaBJICHUA JOJIKCH 6I)ITI) CTa6I/IJ'H)HI>IM, T.C. HUMETb
JOCTaTOYHO CTaOMIIbHBIC 3HAYCHHS M[apaMeTpOB, €ro
XapaKTepU3yIOUIUX B ClIydyae BBIIOJHEHUS JaHHOTO
MOJINPOIIecca MO YCTAHOBJICHHBIM MPABUIAM,

® BaXHO, 4YTOOBI KOJHUYECTBO MOMEHTOB BpPEMEHHU ISt
KOPPEKTHOTO ~ HW3MEPEHHUs  [apaMeTpoB  MPOIIECCOB,
MOJTICIKANUX CTATHCTHYECKOMY YIPABICHHIO, BO BpeMs
BBIMOJTHEHHSI TPOEKTA OBLJIO TOCTATOYHO OOJIBIIHM.

OZ[HI/IM HUX CaMbIX MNPOCTBIX M 4Yall€ BCETO HCIIOJIb3YEMbIM
METOJIOM CTaTUCTUYECKOIO aHajm3a sIBIIOTCS KOHTPOJIbHBIE KaPThI
(Control Charts) pasnuunbix Tumnos. HanGosee yHHBEpCaNbHBIN THIT
KOHTPOJBHBIX KapT, MPUMEHHMBIH TPaKTHUYECKH B  JIFOOBIX
ycioBusx, 3to XmR Chart.

l'ucrorpamma  mojie3HAa  HpPU  ONPEACICHHH  CTENeHU
MPUOHKECHUSI 3HAYCHUI mapamerpa K  HOPMalbHOMY
pacrpeieneHuIo.

2. B0o3MOXHBIH COEHAPUH TNPUMEHEHHS KOJHYeCTBEHHOTO

ynpaBJeHHusi B TeCTHPOBAHUHU
2.1. OO01He MoJI0KeHUS

[lon ympaBneHWEM MPOIECCOM TECTHPOBAHUS TOHMUMAIOTCS
000CHOBaHHBIE JICHCTBUSI, HAMpPaBICHHbIE HAa JOCTHXKECHHE Iienei
TECTHPOBaHUS, CPOPMYTUPOBAHHBIX B MpoekTe. Pomb Takmx meneit
MOTYT UI'PaTh, B 9ACTHOCTH, L[EJIA CAMOTO IIPOEKTA.

Hcnonb3oBanue KOJINYECTBEHHOT O yIpaBIECHUsS
TECTUPOBAHUEM MO3BOJISET:

®  YCTaHABIMBATh B IPOEKTE KOJIMUYECTBEHHBIC ILENU IO

Ka4yecTBy,
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e aHanM3upoBath  (C  NPUMEHEHHWEM  CTaTUCTUYECKHX
METOJIOB) XOJ Ipoliecca TECTUPOBAHMS, HAPaBJICHHBIH Ha
JOCTH)KEHHE 1IeJIeH 110 KauecTBY,

e  00OCHOBaHHO IUTAHUPOBATh " OCYIIECTBIIATH
MPEAYNPEXAAOIUEe U  KOPPEKTHUPYIOLIME  JEHCTBHA,
HampaBJCHHBIE HAa  JOCTIDKCHHWE LeJIel  KadecTsa,
OTCIEKUBATH A(PPEKT BHIIOTHEHUS STUX ACUCTBHIH.

B npouecce TectupoBaHysl BaXKHEHILUM MapaMETPOM, KOTOPBIN
JaeT BO3MOXHOCTH MOJy4aThb METPHKH, XapaKTEpU3YOIIHe
Ka4yecTBO, KaK M IIPOIlecca TECTUPOBAHMS, TaK M CAMOTO MPOJYKTa,
SIBISIETCSI KOJTMUECTBO Ae(EKTOB.

Ha ocHoBe 3TOl MPOCTOI METPUKH MOXKHO paccyMTarh, HAIpUMED,
TaKue METPHUKH, KaK:

®  [UIOTHOCTH Je(DeKTOB, OOHAPYKEHHBIX B XOJI€ BBITIOJIHEHUS
tectupoBanust (software defect density-SDD),

® [UIOTHOCTH Je(eKTOB OOHAPY)KEHHBIX B O3KCILTyaTalllu
(post delivery defect density PDDD),

e kodh¢unuent orBepruythix nedexroB —(declined defect
ratio- DDR).

2.2. I[Ipumep peanu3anuu CTATHCTHYECKOr0 YMPABJIEHHSA
napamerpom SDD

[ombiTaemcst  mpencTaBUTh,  KakUM — 00pa3oM  MOXKHO
KOJIMYCCTBCHHO YIIpaBJIATh noamnpoueccom TECTUPOBAHUA.
Yrupasnare OyaeM, HampuMmep, Ha OCHOBE IUIOTHOCTH JA€(EKTOB,
oOHapyXeHHbIX BO BpeMsi TectupoBanus. [locnemoBarenbHOCTH
JENCTBHUI TOMKHA OBITh MPUMEPHO CIIEAYIOMIEH:

1. VYcraHoBuTh KakuM-mnOO 00pa3oM [uana3oH 3HaYCHUH
IUIOTHOCTH  /1e(eKTOB, OOHAPYKCHHBIX BO  BpeMs
CHCTEMHOT'O TECTHPOBAHUs, MOMAJaHUE B KOTOPBIH Oyaer
SIBIISITHCSI LIEJIBIO YIIPaBIICHHS.

2. OmnpenenuTs MOMEHTHI BPEMEHHM U KOHTPOJSI 3HAUYCHHH
IUIOTHOCTH JAe(hEeKTOB

3. Omnpenenutb, Kak OygeT  ONPENENSIThCS — HaIu4ue
OCOOCHHOTO CIy4as B 3aBHCHMOCTH OT KOJHYECTBA
M3MEpPeHU WM 3TO TpaBWIO He OyneT 3aBHCETh OT
KOJIMYECTBA U3MEPEHUM

4. B MOMEHT MONy4YeHHs 3HAYCHHS IUIOTHOCTH Ie(PEeKTOB ¢
nomomplo XmR onpexenuTs 3HAUYEHHWS CPENHET0 U
JMana3oH BO3MOXKHBIX OTKIIOHEHHH.
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5. CpaBHUTP MOJTyYCHHBIC 3HAYCHUS C YCTAHOBICHHOW LIEIBIO
U Tpu HEOOXOJAMMOCTH BBIPA0OTATH KOPPEKTHPYIOIIUE
JIEHCTBUS.

2.3. Bo3MoskHbIe MpaBHJIA MPOBEIEHUA CTATHCTHYECKOrO
aHaJIM3a MapaMeTpoB

Bo3MoXHBIE TIpaBMJIa IIPOBEACHHS CTaTUCTHYECKOTO —aHalM3a

HapaMeTpoB IPHUBEICHBI B TAJIHIIC.
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Koa-Bo Ipuunna Ipumep

H3MepeHuil (Ob6ocHOBaHME)
HavaabHas Ecin  konmuectBo
daza  cOopa | 1OCTYIHBIX ] dvduai
3HAYCHHI 3HAYCHUI MeHee 3,
nmapamMerpa TO CTaTUCTUUECKHIA
aHaIu3 HE
TIPOBOIUTCSL.
AHanu3upyorTcs >
TOIBKO  3HAYCHHUS /
apaMeTpOB.
8

~ v
Oxupmaercss  TOMagaHue  3HAYEHHs
rapaMeTpa B TPaHuIlbl (KENITHIC JIMHUH)
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Koa-Bo Ipuunna Ipumep

HU3MepeHui (Ob6ocHOBaHME)

daza Ecmm  kommdecTBO

Individual

HAKOILJICHHS JOCTYIHBIX 12

JAHHBIX IS | 3HAYCHMM B

CTATHCTHYECK | JUaIla3oHe 3-29,

0ii 00padoTKM | cUMTaEM, yro | | ~ - -~~~ T~
MOJHOCTBEO | | —— =~~~ =~~~ ————————
JOBEPATE | 0o e e s i

pacCHYUTaHHBIM C

TMOMOIIBIO XmR
chart
CTAaTUCTUYCCKUM
napamMeTpam HET
OCHOBAHUM, HO s
BBIHCCCHUA
CYXXJIEHUS 0
HaT9AH

OCOOCHHOT'O CiTydast
MOKHO
HCIOJIH30BaTh
rpaHullbl +26

3HaueHHe, BBINEIIICE 3a  IPeessl
Mean+2o, MOKET CUMTAThCS
0COOCHHBIM.

da3za
MOJTHOIEHHOT
0
CTAaTHCTHYECK
oro
ynpasJjeHus

Ecnmu  komuuecTBO
JOCTYITHBIX

3HaueHnt 30 w
OoJiee, CUATAEM, UTO
MOXKHO OTIpENEeNATh
OCOOCHHBIE CIyJaH,
HCTIOJIB3YS

nnara3zon Mean+36

Individual

P
3HaueHne, BBINEIIICE 33  MPEIeIs
Mean+3e6, cuntaercsi 0COOCHHBIM.
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Koa-Bo Ipuunna Ipumep
HU3MepeHui (Ob6ocHOBaHME)

CpaBHeHHe
CTATHCTHYECK
ux
apamMeTpoB ¢
3aJaHHBIMH
rpaHuIaMHU

Individual

|
8

P
“ &

R R

IIponece cTabuieH, HO ero
CTaTHCTHYECKHE rapameTpsl HE
YIOBJICTBOPSIOT YCTaHOBJICHHBIM
rpaHULAM.

3. 3akiaioueHme

Taxum 06pa30M, KOJIMYECTBCHHOC YIPABJICHUC TCCTUPOBAHUCM

MO3BOJISET:
o Ha 06BeKTHBHOﬁ OCHOBEC aHAJIM3UPOBATH XO/] BBITTOJIHCHUA
npotiecca,

®  IIOHMMATh 3aJI0JITO 10 OKOHYAHHS MpoIecca BO3MOKHOCTh
JOCTIDKEHHSI YCTAHOBJICHHBIX IIETIeH,

® [UIAHMPOBAaTh B Cilydae HEOOXOAMMOCTH HEHCTBHS ISt
obecrieueHns TOCTIKEHNS LIeIeH,

e  oneHuBaTh A3PPEKTUBHOCTD MPETIPHUHSTHIX MEP.
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Software Estimation Tools Investigation

Stanislav Kalkanov Artem Babamuratov
Luxoft Luxoft
Moscow, Russia Moscow, Russia
SKalkanov@luxoft.com ABabamuratov@luxoft.com
Abstract

Software project estimation is one of the most challenging and
important area in software development. Many companies,
espessialy those which have core-business related to software
engineering, feel a need for repeatable, clearly defined and well
understood estimation process.ls it so? Definetly yes. And though,
from the fundamental point of view there are a lot of different
formal and informal estimation technics ( from «look up to the
ceiling, scratch your chin and say "well..."» to things like IFPUG
and COCOMO) — many specialists doesn’t know if there any good
complex estimation tools on the market? What kind of estimation
processes does they contain? Does it make sense to apply such
solutions within orgazation in order to archive better predictability
and rise estimates precision?

Below we’ve tried to consider all this questions in details.

Keywords: Software Estimation; Automation Tools; Comparative
Analysis.
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HccaenoBanne HHCTPYMEHTOB aBTOMATH3AIUH
Mpolecca ONEeHKH MPOrPaMMHOT0 o0ecTedeHun st

Cranuciaas Kankanos Aprem Badamyparos
JIrokcodt JIrokcodpr
MockBa, Poccust MockBa, Poccust
SKalkanov@Iuxoft.com ABabamuratov@Iluxoft.com
Te3ucnbl

OueHKa MPOEKTOB MO pa3padoTKe MPOrpaMMHOT0 oOecTieueHHs —
TpyZIHas U BaXkHas 3aja4ya. B HacTosee BpeMsi MHOTHE KOMITaHHH,
0COOEHHO Te, ueil Ou3Hec cBsi3aH ¢ pa3padbotkoii [10 ucnbITHBAIOT
HOTPEOHOCTH B HAJIMYHMU 3PETIOT0 ¥ MPO3PaYHOro MPOIECCca OLEHKH
Ha ypoBHe opranuzaiun.. Tak mu 310? OnpenenexnHo — na..
XO0Ts,ceifyac cyIecTByeT O0JbLIOEe KOMUYECTBO Pa3IMIHbIX
METOJIMK OLICHKH (HaYMHAas OT «3TO MOE CYry0o JTMYHOEe MHEHHE)»
10 xopoiuo ¢popmanuzoanHbix Tuna IFGUP u COCOMO) —
MOCTOSTHHO BO3HUKAIOT CBSI3aHHBIC C HATMYHEM KOMIUICKCHBIX
peLIeHHI aBTOMATU3UPYIOIIHX Nporiecce oleHKU. CyIIecTBYOT-1
TaKue HHCTPpyMeHThI? Kakoit HNMEHHO IpoIecc OLCHKH OHU
HpeHHaFaIOT? HMmMmeeT a1 cMBICT UX BHECAPATH JJId TOBBIMICHUSA
TOYHOCTH BBITIOJTHACMBIX OI_ICHOK?

Mau1 MoCTapainChb OTBETUTH HAa BCE OTU BOIPOCHI.

Keywords: Ornenka TmpoekTa; HWHCTPYMEHTa aBTOMATH3AIUM;
CpaBHUTEJIbHBIN aHAJIU3.

1. Beeaenue

B cdepe paspaborku mporpaMMHOrO OO€Cre4eHHs TOYHOCTh
OLIEHKH — BaXHBIMH (HaKTOp, OT KOTOPOTO 3aBUCUT YCIEIIHOCTh
MOJTyYeHHs] KAYeCTBEHHOTO MPOAYKTa B CPOKU M B COOTBETCTBUH C
IUIAHUPYEMbIM Or0/pKeTOM. [TocTpoeHHe 3penoro mpoiecca OleHKH
MPOTrPaMMHOTO 00ECIIeUeHH s - OJ[HA U3 KIIFOUEBBIX 3a/1a4 KOMIIAHUH
B mupe Software engineering u pemate €€ MOXHO HECKOJBKAMHU
My TSAMHU:
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1) CaMocTosATenbHO - OOBIYHO B OCHOBY TMpOLECCa  OLCHKH
3aKJIa[BIBAIOT PA3INYHBIC MOJU(HUKALM METOOB 3KCIIEPTHOM
oueHku (oreHka o ananoruu, wide-band Delphi u op.) u onxy nim
HECKOJIBKO XOPOIIO-M3BECTHBIX (hopManbHbiX Metomuk (Function
Points Analysis, UseCase Points u nap.). [ns mnepecuera
OPEANoNaraeMoro  pasMepa  MPOTPAMMHOIO — MPOAYKTa B
TPYI03aTpaThl HCMONB3YIOT UCTOPUYESCKUE TAHHBIC HIIH Pa3InYHbIC
Mmar. mojenu, Takde kak Cost Constructive Model u p.
Bosnukatoripe BOTIPOCHI ABTOMATH3AIUN peraroTes
UCIIOJIb30BAHUEM JIOCTYIIHOIO MHCTpyMeHTapus. IlyTe 3aTpaTHbIi
U JIOJITMH, TpeOyeT Hajuuus TIyOOKOW JKCIEpTU3bl M 3HaHWA
Pa3IMYHBIX METOJIOB OIICHKH.

2)  IIpu DOMOIIM FOTOBBIX MHCTPYMEHTOB aBTOMATH3AIIUU —
Pa3pabOTKH CTOPOHHHUX KOMITAHUH, TIPE/JIArarolliX CBOH Mporiece
OLICHKH.

Kakoit myrp BeIOpaTs? IIMeEHHO &S 3TOTO B IOKIaae OyayT
paccCMOTpEHBI  pe3yNbTaThl CPAaBHHUTEIHFHOTO aHallM3a CpEJICTB
aBTOMATH3allMM TIpOIleCCa OIIGHKM W CHCNAaHBl BBIBOABI 00
3¢ (EKTHBHOCTH UX UCTIONIB30BaHUSL.

2. PaccmaTrpuBaeMble  HMHCTPYMEHTBI W KPUTEpHH  HX
CpaBHEHHs

Jns ananuza oToOpaH psAl Kak KOMMEPYECKHX, TaK M OeCIIaTHBIX
WHCTPYMEHTOB, TIOJb3YIOIIMXCS HAWOOJBIICH TOMYJIIPHOCTHIO.
Cmucok Bimouaer: SLIM-Estimate, ConstruxEstimate, CoStar,
CostXpert, KnowledgePlan, ObjectMerix, SEER.

Kpurepun, BbleNeHHbIE Ui NOHUMaHUS 3¢ (HEKTHBHOCTH
UCIIONIb30BaHUA HMHCTpyMeHTa B Kommanum, 3aHMMaromeics
MIPOMBIIIUIEHHON pa3paboTkoii [10;

CrouMocCTh;

Bo3moxHOCTB KaJ'II/I6pOBKI/I, HCTIOJIb3Ys UICTOPHUICCKYIO I/IHq)OpMaIII/IIO;
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[Mapamerpsl, npuauMaembie Ha Bxoze (SLOC'n, GpyHKuMOHaIbHBIE
TOYKH...);

IomnepxuBaembie Monenu pacuera Tpyaosarpart (SLIM, COCOMO,
THOpU/IHEIE....);

HOZ[,Z[ep)KI/IBaeMI)Ie JKNU3HCHHBIC [TUKJIbI IIPOCKTOB;

Beixon (0011Me TpyI03aTpaThl, TPYA03aTPAThI Ha 3TAIB/PadoThI
MPOEKTA, JTHUTEIHHOCT POEKTA, CTOMMOCTb...).

4. ABTOMATH3UPYeMblil MHCTPYMEHTAMU NPOLECC OLEHKHU

Kaxnplit u3 uccneayeMblx HHCTPYMEHTOB IIPEACTaBIISCT COOOH
«CepBIi SIUK», TIPOLEcC PabOThI ¢ KOTOPHIM MOXET OBITh pa3JielicH
Ha CJIeyIOIHeE Iaru:

1) Bsoja nepBuYHON HHGOPMAIIHMH - HA BXOJ HHCTPYMEHTA
[0JIa€TCs NPEINOIaraeMblii pasMep IpOrpPaMMHOTO MPOIYKTA.
DTO MOXKET OBITh KaK pa3Mep B CTPOKaX KOJa, TaK U B APYTUX
equannax (Functional Points, Feature Points, kommonenTax Ul,
GbyHKIMUAX ¥ T.11). MHOTHE HHCTPYMEHTHI, B KOHEYHOM CYETe,
MEPECYUTHIBAIOT Pa3Mep B KOJI-BO CTPOK Koja. TOUHOCTH
OLIEHKH Ha BXOJI€, B OOJIBIIUHCTBE CBOEM, OIPEICIISET
TOYHOCTH OIEHKH Ha BBIXOJIE.

2) OmnpeneneHye 00MUX TPYA03aTPAT - KOJI-BO CTPOK KoJa
MIepECYUTHIBACTCS B OOIIME MIPOEKTHBIE TPY103aTPaThI,
BBIYHCIIAETCS BpeMsl TpedyeMoe Ha pa3paboTKy npoaykra. s
3TOr0 UCTOJIB3YIoTCA ypaBHeHus moaeneit COCOMO 11, SLIM,
SEER-SEM wu rubpuansie. s Bcex ypaBHEHHUH 3a1a10TCs
MIONIPAaBOYHBIE (KaIMOPOBOUHBIE) KO PUIIEHTHI.

3) Pa3buBka O6IIII/IX Tpyao3aTrpaTr Ha KOHKPETHBIC IIPOCKTHEIC
[2360TL - O6IHI/IG IMMPOCKTHBIC TPYA03aTPAThl ACJIATCS HaA
KOHKPETHBIC pa6OTBI. B ocHoBHOM HCHOJIb3YIOTCA
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HUCTOPUUYECKHE JJaHHBIE. B HEKOTOPBIX HHCTPYMEHTAX, TIEpe]
BBIMTOJTHEHHEM OIIEHKH, MOXXHO HACTPOUTH KU3HEHHBIH [[HKIT
poeKTa, 0003HAYUTh OCHOBHBIE MPOEKTHBIE AKTUBHOCTH U MX
Beca. Toraa Ha BBIXOJIE MOJAYUUTCS CTPYKTYpa pabot « Work
Breakdown Structure». MHorma eé MOKHO 9KCIIOPTHPOBATH B
¢dopmat MS Project. Kpome 3T0ro MoxHO c034aTh OOJBIIOE
KOJIMYECTBO OTUETOB.

4) PacdyeT CTOMMOCTH OPOEKTa - ONPEACISICTCS UCXOIS U3
CTOMMOCTH YeJIOBeKa-4aca JUisi OCHOBHBIX MPOEKTHBIX POJICH
(3amaeTcs B HacTpoOIKax).

VYuuTheIBasg 3TH JaHHBIE - MOKHO TOBOPHUTb, YTO MNpeAIaracMblil
HHCTPYMEHTAMHU IIPOLECC HE COACPIKUT HUKAKUX «HECTAHAAPTHBIX)
WJIM HOBBIX MOJAXOAO0B. JI7s MOTy4eHHs OLEHKH BE3J€ UCTIONb3YETCS
xoHuenuus «Pasmep npoaykra->Tpyno3aTpaTsD.

3. 3akirouenme

I[To  COBOKYNHOCTM  WTOTOBBIX  OIEHOK  JIMAEPOM  Cpedu
KOMMEpPYECKUX UHCTPYMEHTOB BhIcTynaeT npoaykt CostXpert. Oto
HauOonee npoayMaHHas C Touku 3perus Ul cucrema, moctpoeHHas
Ha ypaBHeHmsx Momemn ~ COCOMO |Il. Ilpomykr ob6mamaet
THOKOCTBIO, TOAJCPKHBACT HACTPAUBAEMbIC JKM3HCHHBIC IIUKIIBI
MPOEKTOB U MO3BOJISIET IMOJHOCTHIO COMPOBOMKIAET MPOILIECC OLIEHKH
OT JTala ONpEACNICHHs pa3Mepa MNPOILYKTa, 10 dTala CO3JAaHHs
mwiaHa rpaduka npoekra. CTOMMOCTh JIMICH3UH HA OJIHOTO
mose3oBaresst CostXpert cocrasnsier 2970 eur / rox.

B kauecTBe OeCIUIATHOTO PpEIICHUS JYYIIMM OKa3aJCsl MPOIYKT
ConstruxEstimate, ®o on o0magaer cepuell  CephE3HBIX
HEJIOCTATKOB: OLIEHOYHAsI MOJIENIb HEeNpPO3padyHa, KU3HEHHBIH [HKII
HPOEKTa MPEAONPESIICH U He IIPEoaraeT N3MEeHEHHUH.

BakHO OTMETHUTB, UTO MOCTPOEHHUE 3PENOrO MPOLECcCca OLEHKH Ha
YPOBHE OpraHM3alliK, MCTOJb3Ys Aaxe “‘caMyro Jydiyrk” out-of-
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the-box aBTOMaTH3MPOBaHHYIO CHCTEMY HEBO3MOXHO.. W mpnuuH
371€Ch HECKOJIBKO:

1)

Hnst sdpdextnBHON pabOTHI ¢ PaCCMOTPEHHBIMHA HHCTPYMEHTAMH
HEOOXOAMMO TIIyOOKOEe TIOHMMAaHHE KOHKTETHOW OICHOYHOM
MOJIETH Y TIPAKTUUYECKUH OMBIT €€ Ucrob3oBaHus. [losTomy naxe
camasi IOpOTOCTOSIIAs CHCTEMa B PyKaxX HEKBAJIM(HIMPOBAHHOTO
OLICHIMKA, HE ITIOHMMAIOMIET0, KaK OHA IOJydaeT pe3yIIbTar,
CKOpee 3710, TIO3BOJIIIONIECE CKPHIBATh HETIOHMMAHWE CKOyIa
CHCTEMBl M MAaHHITyJMpOBaTh IM(pamMu, NMPUKPHIBAsSCh Op3HIOM
ABTOMATH3MPOBAHHOM CHCTEMBI. A €CclM 3HAHHWSI METONMK
oreHnBaHKs y Bac ectb — To BBl BroiHEe MokeTe 3KOHOMHUTH Ha
JIOPOTOCTOSIIIIMX MHCTpyMEHTax. Tem Ooee, 9To camasi 3aTpaTHas
YacTh TpoIlecca OLCHKW - aHaMM3 TpeOoBaHMH. A 3Ta pabota
ABTOMATH3MPOBAHHBIM CPEJCTBAM OILICHKH NPOEKTOB IOKa “HE IO
3ybam”. [lostoMy 3mech aBTOMarH3amys HE MAacT OOJIBIIOTO
BBIMTPBIIIA.

Bce paccMoTpeHHbIe HMHCTpYMEHTHI sBIsiFoTes  «stand-aloney
NPWIOKCHUAMH, HE TI03BOJIIL  S(GQEKTUBHO  HaKaIUTMBaTh
HCTOPHYECKYI0 WH(POPMALMIO W BBIIOJHATH AHAIM3 OLCHOK C
peaNbHBIMKM  TpyZO3aTpaTaMM W CPOKaMH 110  BBIIOJHEHHBIM
MpPOEeKTaM Ha YpOBHE opraHmzanyd. [losToMy Ha WX OCHOBe
CJIO’KHO TTOCTPOUTH KOMIUIEKCHYIO CPEy JUISl OLICHKH IIPOEKTOB.

[lprMeHeHne e TakMX CHCTEM B KadecTBE CHUCTEM  IOIIEPKKH
BBITIOJIHEHHST OLICHKH BMECTE C 00s3aTelIbHBIM 00ydeHHEM METOMKaM
OLICHKH, XpaHEHHEM W aHAJIM30M HCTOPUYECKOW WH(pOpMaluHu Ha
YPOBHE OpraHH3alyy — 1acT 3 (EKTUBHBIN Pe3ybTaT.
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Abstract

The architecture of adaptive software system is proposed, which is
based on multi-threads programming mechanism. It includes two
main logical components: the database for selected cases gathering
(DBC), and the decision-making block (DMB). Using the CBR-
methods the control procedure for DMB is elaborated, which utilizes
the DBC and provides the appropriate algorithm defines a number of
necessary threads to be implemented in order to guarantee the data
processing mode with predicted performance (measured in ms), and
reliability (defined in %).

Key words: software component, adaptive system, case-based
reasoning (CBR).

1. AKTyaJabHOCTH pemreHust 3a1a4 3¢ (eKTUBHOTO yNPaBIeHUS
KOMIIOHEHTHBIMM NporpaMMHbiMu komiuiekcamu (KIIK)

AHanmu3 COBPEMEHHBIX HCTOYHHUKOB TI0 TIpoOIIeMaM
pa3pabotku nporpammubix cucteM (I1C) mokaseiBaeT, 4To B
mocjeiHee BpeMst HaMEeTHIIaCh TEHACHITUS Mepexoa OT
paccMoTpeHus nmpobeM peuHKHHUPUHTA YHACTIETOBAaHHBIX CUCTEM
K npo0ieMaTuke pa3paboTKy TaKWX MOAXO0I0B K IPOEKTUPOBAHUIO
1 peau3alliy CI0KHBIX, T.€. PACTIPEICICHHBIX H MHOTOYPOBHEBBIX
I1C, koTopsie ObI 0OECTIEUUBATHA UX MACIITAOUPYEMOCTH, T.€.
CITOCOOHOCTh CUCTEMBI COXPaHAThH B 3aJJaHHBIX Mpeesiax ee
paboune XxapaKTepUCTHKH (TIPOU3BOUTEIBHOCTD, HAJIS)KHOCTh H
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T.I1.) B YCJIOBHSAX W3MEHEHHS BBIYUCIINTEIBHON Harpy3KH Ha ee
OT/EJIbHbIE KOMIIOHEHTHI H TI0ICUCTEMBI.

TepMuH “x)H3HECTTOCOOHOE MPOrpaMMHOE OOecTicucHHe”
(viable software) mostBusicst B cepuut paboT aBCTPAIHICKOTO
yaenoro Y. Xeppurra  (Ch. Herring) [1,2]. XapaktepHsim
SIBISIETCSI TO, YTO KaK OTMEYall B OHOH M3 CBOMX paboT caM
XeppHHT, OH OTIHPAJICS TIPH STOM Ha OoJiee 00Ny 0 KOHIIETIIHIO, a
MMEHHO Ha TaK HA3bIBAEMYIO ‘‘MOJEIb KH3HECITOCOOHOM CUCTEMBI”
(viable system model), mpemnosxkennyto B paGote C. Bupa (S. Beer)
U OMyOJIMKOBaHHYIO B )XypHaJle HAYYHOTO COOOIIECTBa 1O
npobiiemam uccrenoBanus onepanuii Journal of the Operational
Research Society [3].

OTH ¥ MHOTHE ApYyTrHe TyONHUKalUH TOJIOKMIN Hayallo TaIy
AKTHUBHOT'O BHEIPEHUS B KOHLENTYAJIbHBII HHCTPYMEHTapUi
COBPEMEHHOH NPOrpaMMHON UH>KEHEPUHU UHTEPAUCLUIIIIMHAPHBIX
MIOJIXOJI0B, ¥ B YaCTHOCTH, METOJIOB TCOPUH YIIPABICHUS U
KnOEpHETHYECKUX MOJIENeH Ui aHanu3a u cuHTe3a cinoxHbIx [1C.
[TpsMBIM OTpa’KeHHEM 3TOH TEHICHINH CTAJIO MOSIBJICHUE JaXKe
TaKOTO CICIHAJIbHOTO TEPMUHA KaK “TIporpaMMHasi KHOepHeTHKa”
(software cybernetics) (cm. Hanp., B [4-6]). Ilox HUM OHUMaETCS
noaxon k pazpaborke 1O, B KOTOpOM IPUMEHSIOTCS TaKne 0a30BbIe
KOHICIIIIUU BbINICHA3BAHHBIX JUCHUIIJINH KaK UCIIOJIb30BAHUEC
Pa3IMyUHBIX CXEM YIpaBJIeHHs ¢ 00paTHOM CBsI3bI0, pa3paboTKa U
IIpUMEHEHHKE AT yIpaBieHus koMmroneHTaMu 110 pa3nndHbIx
MojieJiel 3HAaHUH O TpeJIMETHON 00J1acTH, UCTIONh30BaAHHE
KOJIMYECTBECHHBIX XaPAKTEPUCTUK U COOTBETCTBYIOIUX METPUK JJIA
OILIEHKH Ka4yecTBa (YHKIIMOHUPOBAHUS MTPOTPAMMHBIX KOMILIEKCOB.
Oco3nanne 3 PpeKTHBHOCTH MPUMEHEHHS KHOSPHETHIECKUX
MIOJIXOZIOB TP CO3/1aHUH ci10kHOT0 [10, B 4aCTHOCTH, TPUHIIUIIOB
alaliTUBHOTO YNpaBJieHUs (cM., Hamp. B [7]), eCTECTBEHHBIM
00pa3oM NPUBOANT K MOSBICHUS aIAITHBHBIX TEXHOJIOTHIA B
mporeccax pa3pabOTKH HOBBIX U YIPABICHUS yXKe
CYIIECTBYIONMMH POTPaMMHBIME cucTemamu [7-10]

2. Knaccuukamus aganTHBHBLIX TEXHOJIOTHH B COBpeMEHHOI
NMPOrpaMMHOI MHKeHEePUU
[IpobGnema xiaccnpukanmy afanTUBHBIX TexHonorui 10

MpeACTaBJIACTCSA BECbMa CIIOXKHOH 1 H€0ﬂHO3Ha‘IHOﬁ. BwMmecte ¢ TEM,
€CJIM pacCMOTPEThL €€ C HOBI/IIII/Iﬁ COOTHECCHUA 3ajJayd ajalTalnuun
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paspabaTbiBaeMOl NPOrpaMMHOM CHCTEMBI M OCHOBHBIX (a3 ee
’KU3HEHHOTO IMKJIA (Hamp., B COOTBETCTBUHU co ctaHgaptoMm SO /
IEC90003 koTopblii omyOnHMKOBaH Ha OQHIMAIBLHOM pecypce
MEXIYHApPOJHOTO KOHCOpPIMYyMa II0 HPOTPaMMHON HH)KEHEPHU
SWEBOK [11]), To MOXHO MOTHBHPOBAaHHO YTBEp)KIaTh, YTO
CYIIECTBYIOT CIIELyIOIIME TUMBI 3amad amantaimuu 110, a UMEHHO:
l)amanTHBHOCTD OpraHM3alliél TporeccoB paspabotku  [10; 2)
aIanTHBHOCTG  apXHUTEKTypel  paspabatsiBaemont  [IC;  3)
aJlalTUBHOCTh MEXaHU3MOB YIIPABICHHUS (YHKIMOHUPOBAHUEM YKE
cymectBytomei [IC. Kaxnplii n3 3THX THIOB 3a71a4 pa3paboTKu
aNanTUBHBIX pEIIeHWH B NPOrpaMMHON WH)XEHEPHH, B CBOIO
ouepesb, MOXKET OBITh pa3feieH Ha MOATHUIBI B COOTBETCTBHHU C
OTHUM W3 TpeX BO3MOXKHBIX IMMOJXOJOB K MX PELICHHUIO, KOTOpPbIE
SIBJISIFOTCSL XOPOLIO W3BECTHBIMH M3 OOIIEH TEOpUM aJalTHBHBIX
cucteM (cM., Hampumep, B [7]), a UMEHHO: a) MapaMeTpuyecKas
aJanTanysi; 0) anropuTMUYecKas aIanTanys;, B)
CTPYKTypHasl aJanTallisl. 9TO TIOKa3aHo Ha puc. 1.

AIlanTHBHBIC TEXHOJOTHU
umwkerepuu 110

| «

[ N
[ -
AJanTHBHbIC AJanTUBHOE YIIpaBICHUE
MPOILIECCH pa3paboTKH nc
110 ( XP, ASD, L
FDD, RUP...)
ITapamerpuueckas
aJlanTanus
AanTuBHEIE
APXUTEKTYPBI
(MDA, SOA, AnropurMUuYecKas
MGA..
CrpykTypHas

Puc. 1. Knaccugukanyst aganTUBHBIX TEXHOJIOTHIHA
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C TEeXHOJIOTMYECKOM TOYKH 3pEHMs, OCHOBY JUIi BCEX OJTHX
MOJIXO/I0B COCTaBJIIET HEKOTOPBIH MHpoMexxyTouHslit cinoit  IIO
(middleware), wucnome3yemblii 1T OpPTaHU3AMNH  THOKOTO
B3aUMOACHCTBUII MEXIy OTACNbHBIMH KOMIIOHEHTAMH CHCTEMBI.
3T0 MO3BONAET TOBOPHTh O TaK HAa3bIBAEMON KOMITO3MIIMOHHOM
amanrarn  (compositional adaptation) [12], koTtopass xapaktepHa
JUTS pa3pabOTKH KOMIIOHEHTHBIX porpaMMHbBIX KoMiurekcoB (KIIK)
C UCIIOJIb30BaHUEM TakuX TexHosoruii kak MS COM / DCOM [13],
MS .NET Framework [14], Enterprise Java Beans [15] u Web
Services [16].

3. Mexannsm anantuBHoro ympabienusi KIIK B peanbnom
MacmTade BpeMeH!

Cospemennsie  KIIK  mpencraBiassior  co0oif  CIIOXKHBIE
pacIpeseieHHble IPOrpaMMHBIC CTPYKTYPBI, ¢ OOJBIIMM YHCIIOM
MHOTOMEPHBIX M cIa00(hOpMann3yeMbIX MapaMeTpoB U (akTopoB
BIMSHHUA Ha WX (YHKIMOHHUPOBAHHUE, HANPUMED: NapauleibHbIC U
MHOTOIIOTOYHBIE  IIPOLECCHI, KoyeOaHUs  BBIYUCIHTEIHLHON
Harpys3k, H3MEHEHUS KOH(UTypannu amnmapaTHbIX CpEICTB
CHUCTEMBI, YHCJIa U HWHTEHCHBHOCTH DPa0OThl Pa3JIMYHBIX TPYIII
moJyik30BatTeNet u T.1. Bee 3T 00CTOATENECTBA BeChMa 3aTPYIHSIOT
MOMBITKK TOCTPOUTh M HCCIIE0BaTh UX TOYHBIE MaTeMaTHUECKHe
Mojenu. [oBOps B TepMHHAaX TEOPMH  YIPABICHUS, HE
NPE/CTABISIETCS] BOBMOXKHBIM TOJYYHUTh IEPEAATOYHYI0 (YHKIIHIO
KIIK B aHanuTHYeCKOM BHUJIE.

[TosToMy Asst pa3paOOTKH MEXaHU3MOB NPUHATHS PEIICHUN U1
anantuBHoro ympasieHnd B KIIK memecooOpa3zHO mpuMEHSATH Tak
Ha3bIBaeMble METOIBI «MATKHX BhIUMCIeHMI» (soft calculations),
KOTOPBIM ~ OTHOCSITCS ~ HEHpoceTeBble  TEXHOJNOTMM  (neuronet
technologies), meromsl Heuetkoit normka (fuzzy logic methods),
TeHeTHUeCKne  airoputMbl  (genetic  algorithms),  metomsr
JIOTHYECKOTO BBIBOJa HA OCHOBe MpeleneHToB (case-based
reasoning - CBR) u HekoTtopble apyrue. VIMEHHO HCIOJIb30BaHUE
CBR-MeT0/I0B npu3HAETCs PsIOM aBTOPOB OJHMM K3 HauboJee
3¢ (GEKTHBHBIX MOAXOIO0B I pa3pabOTKH MEXaHW3MOB HPUHATHS
peLleHHiT TIPU yIPaBICHHH CJI0XKHBIMH HPOIPAMMHBIMH CHCTEMaMH
— cM., Hanpumep B [17-20]. 'maBHas ero mpes 3akirovyaercs B
MIPEATIONOKEHHH, YTO HEKOTOPYI0 HOBYIO IpOOJEMHYIO 3ajady
BCET/Ia MOXKHO PEIINTh, UCIIOJIB3YS WM aJalTHUpPys pelIeHHe Yyxke
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N3BECTHOM NOAOOHON NPOOJIEMHON CUTyauuH (WM HpelejeHTa -
case), KOTopasi UIMeJa MECTO B IIPOLLIOM.

3.1. ®opmanuzanus 3agayu ynpapienus: KIIK Ha ocHoBe
MeTO/I0B AHAJIN3A MpPeLeeHTOB

Bynem nasnee paccmarpuBaTh MOJIEIb HpEIEICHTa B IpoLiecce

¢ynkmnonupoBanust KIIK B Buae C :65 s (1), rme —F; -
BEKTOp I[apaMETPOB OINUCAHUS TEKYyLIEH npoéneMHoﬁ CUTYyalluU
(TTIC), s - BEKTOP COOTBETCTBYIOIIHMX  YIPaBIISIOIINX
napameTpoB. Omnucanue TIIC 3amano xax B =€, n :, (2),tne T

- TpebyeMasi MPOM3BOANTEILHOCTh MM BpeMsI 0OpaOOTKH OJHOTO
sanpoca B KIIK (manpumep, B MC), 77 - 3aJaHHas IIPU 3TOM

BEJIMYMHA HAIC)KHOCTH OOpabOTKH IaHHBIX, T.C. 0<n<Y.
BekTop napaMeTpoB aJanTHBHOIO YIPABIEHMS S U3 MOAeIH
npencrasienus npeneaeHTos (1) mia KIIK Ttuma cepsepa oOmeHa
JAHHBIMA MOJXXHO B TMPOCTCHIIEM Cllydac MpPEACTaBUTh B BHJC

s =& ,(3) rae N - KONIHYECTBO BBIYMUCIHTEIBHBIX MOTOKOB,

KOTOpPBIE JOJDKHBI OBITH PEaTM30BaHBI HA CEPBEPE IS Pa3peIIeHHs
nanHod TIIC. Torma 3amaua apmantuBHoro ynpaieHus KIIK
dopmynmpyetcst  cienyronuM  odpasom: st Hekoropour TIIC,

—

KOTOpasi 3aJjaeTcsi €€ BEKTOPOM P . HeoOxomumo HalTH

-

COOTBETCTBYIOIIMI BEKTOP YIPABJISIONINX BO3AEHCTBUN S , nmest B

HaJIMYUKU HEKOTOPOE MHOKECTBO MPEUCACHTOB %

3.2. AJTOpUTM AaJaNTHBHOTO YNPABJIEHHS HAa OCHOBE
MeToAa OJauIKaiiiero cocena

Dror Mmerox  (nearest neighbor method) s3akmrouaercss B
BeIOOpe m3 Oa3el maHHBIX mnpeneneHtoB (BJII) eanHCTBEeHHOTO
Tpere/ieHTa, KOTOpPBIH sBisieTcs HaumOosee anekBaTHeIM TIIC ¢
TOYKHA 3PEHHUS CTENEeHH OJM30CTH COOTBETCTBYIOIIMX BEKTOPOB
OMHCaHMsl MX IapaMeTpoB 6 B MHoOromepHom cmydae

IIPpOCTPaHCTBA OIIMCaHUuA mapamMeTpoB MPpEUCaACHTOB, €ro
MPUMEHCHUEC 03HAYACT BBINIOJHCHHUC CICAYIOMINX IaroB:
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Ilar 1. IIpeanonaraercs, uro BAII umeercs HEKOTOPOE KOJIUIECTBO
MIPELEIECHTOB {cl,cz_,_,cj}, Yy KOTOPBIX BCE IapaMeTphbl ONHCAHUS

NpOONEMHBIX ~ CHTYallHid, T.e. MapaMeTpsl BekTopa [, (ij ,

SABJIAKOTCA HOPMHUPOBAHHBIMU T10 (bopMlee

Xij_min_(ij/‘ ie[,L] jE[,P:: (4)

_ j
max €; = min &; _
j ]

Xij

rae )_(” - 3HaueHue i-oro napameTpa At j'OFO npenceacHTa, L -
MOIIHOCTh MHOXCCTBa IMapaMETPOB OMNHMCAaHHUA BCKTOpa pj (ij ,

T.C. BEKTOpa MapaMETPOB OIMUCAHUSA MPOOJCMHON CHUTyalluu st
KaXaoro npeucacHra u H - COOTBCTCTBCHHO
P max §; " min&; ’

J J
MaKCHUMaJlbHOE€ U MHUHMMAaJbHOE 3Hau€HHE 3TOTrO MapaMeTpa Cpeiu
BCeX MpelleieHToB, npucyTerBytomux B BJII, a P — Momuocts nx
MHOKECTBA.

Iar 2. Ha Bxox anroputma nogaercs omucanue TIIC, koTopas

BO3HMKaeT B omepaluoHHOW cpene ¢yHkuumonuposanus KIIK B
MOMEHT BpeMeHH [, B BHIE COBOKYIHOCTH HOPMHPOBAHHBIX
3HaYeHHH UX IapaMeTpoB ;Q" , KOTOpblE B CBOIO OdYepenb
OIPEICIISFOTCS AHAIIOTHYHO BBIPKESHHIO (4).
IIar 3. Onpenensercs mepa Omuzoctu TIIC oTHOCHTETHHO
kaxnaoro u3 wumeromuxcs B BJIII mnpeneneHToB mo BceM ero
MIpU3HAKaM, JJIS 9eTO, IPU HEKOTOPHIX YNPOIIAIONIUX JOMYIICHUSX,
MOJKHO HCTIONIb30BaTh METPUKY B BUJe EBKINIOBA pacCcTOSHUSA

~ L ~2 )2 i -
dj(/: Z(IJ_XI()) Z:ie[,L:ijel,P_y (5)
i=1

IHar 4. B B/l Boibupaercs  NpeneaeHT C MUHHMAaJIbHBIM
paccrostarem 1o TTIC, a MMEeHHO, TaKOH MPENeeHT, ISl KOTOPOTro

C_min€® i -
do _mln(ij ielP. (6)
IIlar 5. B kadecTBe HCKOMOIO peUIiCHUsA MNPHUHUMACTCA BEKTOP

YIPaBIAIOIMKUX I1apaMeTPOB Sk , COOTBETCTBYIOLIMM HalJECHHOMY
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NPELENCHTY, HaxXOAAIIEMYyCsl HAa  PAacCTOSHHHA d ét) oT

paccmarpuaemoit TTIC.
3.3. Apxutektypa agantusHoro KITK

Jns nmporpaMMHOM peanu3alMM  aJalTUBHOTO MEXaHHM3Ma
ynpasyieHus: KIIK mpennaraercss apXuTekTypa, IpeIcTaBiIeHHAsT Ha
puc. 2. B He#ll mpenycCMOTpPEHO HaIW4HMe TpeX MapauIebHBIX
BBIYHCIIATENBHBIX MOTOKOB, @ MMEHHO: |) mMOTOK (opmMupoBaHMs
3arpocoB K cucreMHoMy Oydepy maHHbIX (CB), KOTOpBIE MOXET
BBIIIOJHATH 3TO JECHCTBHE B CHHXPOHHOM JHOO B aCHHXPOHHOM
pexuMax; 2) MOTOK OOpaOOTKM TIOJNyYEHHBIX OTBETOB (0JI0KOB
JAHHBIX); 3) IOTOK IreHepalMu YNPaBISIOMIMUX PEIICHUH, KOTOPBIHA
HETIOCPEIICTBEHHO obecrieunBaeT BO3MOKHOCTb
¢GbyHKIMOHUPOBaHUs Oyioka agantuBHoro ympasienus (BAY). B
CBOIO oO4epenb, ¢ coctaBe BAY BbeesioTcs  Cleayrolue
(GyHKIMOHATBHBIC OJIOKH: OJIOK  (opMUpOBaHHS MapaMETPOB
ommcaHus Tekymed mpoOmemHoit curyanmu (TIIC), koTtopas
BO3HMKAeT B mporecce ¢yHKIHoHHpoBaHus nanHoro KIIK; 6aza
naaHbIX npeneneHtos (B/IIT), kotopast XpaHUT B ceOe OIMMCaHUA
paHee HaKOIUICHHBIX IpelefeHToB; 0ok moucka pemenunid (BIIP),
KOTOPBI HCIIOJIB3ys METOJBI JIOTMYECKOTO BBIBOJA HA OCHOBE
aHajuM3a  INPENeJCHTOB  IPOM3BOAUT  MOWUCK  MOJXOASIIETO
IpeneaeHTa B BAIL.

354



IIporpamma - KIMeHT
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WnTtepdeiic
JOCTyIIa K
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HnTtepdeiic
yIpaBJICHU

y

[ToTox npuHATHA

pelieHui

Bydep
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Tlorox ¢opmupoBanus
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ITotox 06paboTku
JTAaHHBIX

-
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CHCTEMHBIH
Oydep
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|
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I

npeteieHTam
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TIOMCKa
pelieHui

<>

L

Puc. 2 Apxurektypa amantusHoro KITK

JKcnepuMeHTAIbHASA

peaqmm3amusi ©

3(peKTUBHOCTH NMPENJIOKEHHOTO PellleHu s

HCCJICT0BAHUC

busnec-nornka paborel BAY mpencraBiena jpuarpaMMHON
BapUaHTOB UCIOJIb30BaHMs Ha puUC. 3.
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Ha Heli mnoka3zaHbl BCE OCHOBHBIE BO3MOXHOCTH, KOTOpPBIE
MPEA0CTaBIIsET Pa3pabOTaHHOE MPOrPAMMHOE PEIICHHE, & UMEHHO:
CcOo3[aHie NpEeLENEeHTa, U3BIeUYeHHE BcexX mpeueacHroB us BJIIL,
W3BJICYECHHUE IIPELEACHTOB IO HEKOTOPOMY KPUTEPHIO IOHMCKa WU
omnpejeiieHue HauOoyee IMOJAXOJSIIET0 3HA4YeHUsl Iapamerpa
anantupyemoro KIIK Ha ocHOBe mpenesieHTOB, UMEBIINX MECTO B
cucreme. Jlnsi mporpaMMHON peanu3aliid 3TOTO peIleHHs Obuia
BbIOpana mardopma Java (¢ 1enpto 3QQEeKTUBHOrO perieHus
npoOJieMbl MHOTOMOTOYHOCTH) C HCIIOJIb30BAaHUEM TaKHX Open
source-mpoekToB kak Spring u Hipernate, a B xauectse CYB]] mis
padorest ¢ BAIl —  oTkpeITas  cucTeMa MySQL.
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Brnok NpuHATUA pelueHui

YpoBeHb 6usHec
NOrmKn

Q CospaTb
/\ npeueneHT

Apantupyem
06 BbeKT)|

MonyunTe
aganTuBHoe

r
N3

MonyunTb
npeveneHTbl No
KpUTEPUIO

«uses» npeveneHTbl

u
YpoBeHH nocwna‘ «uses» wiber
K AaliHbIM

Puc. 3. busnec-noruka pabotst BAY

Jdnas  mpoBepkH — pabOTOCIIOCOOHOCTH — MPEIUIOKESHHOU
NpoLEayphl HAXOXKACHHS AJANTHBHOTO YIPABILIOLIETO PELICHHS
OBLIM MCHOJIB30BaHbI AKCIICPUMEHTAJIBHBIC JTaHHBIC, MOJTYYCHHBIE C
NOMOILBI0  CHELHAIBHOTO  HPOrpaMMHOro  mMmuraropa. OHu
IIpeCcTaBJIeHbI B Tabmuie 1.

357



Tabnmma 1 (pparment)
Hannsre s npoBepku pabotocmocodHocTr BAY

Komn-Bo oligﬁrlfa HanexuocTb

MoTOKOB (N) (c) [0,1]
1 85.41 1
2 55.62 1
3 31.84 0.99
4 29.26 0.99
5 22.28 0.98
6 20.32 0.98
7 19.44 0.97
8 17.48 0.97
9 15.87 0.96
10 15.63 0.96

B xadectBe mapamerpoB ommcanus TIIC ObuH paccMOTpEHBI
clenyrone 3HaueHHs: Tpedyemas INpOM3BOANUTEIHHOCTh CepBepa,
paBHas BpeMeHH OOpabOTKH OJHOTO 3ampoca 7 =30 wmc;

HaJIEKHOCTh 00paboTKu JaHHbIx 1] =0.98, KOTOpHIE NOKHEI ObITH

obecrieueHbl JJIsl ero aJeKBaTHOrO ()yHKIHOHMPOBAHUS B YCIOBHUSX
manuon TIIC.

B Tabn. 2 moka3aHbI pe3yNbTaTHl PAcyeTOB IO AITOPUTMY
Imoncka TpeOyeMoro pemieHHs, NpeacTaBIeHHOMY B 1. 3.2 (cM.

dopmyer (4) — (6)).
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Tabnmma 2 (pparmeHT)
Pesynberatel pacuera mo CBR - metomy

Kon-Bo Mepa
MIOTOKOB 61M30CcTH Bec
) < TIIC IpeLeeHTa
1 0.64902018 2.3741
2 0.30043223 11.0793
3 0.02332921 1837.3922
4 0.00936767 11395.6112
5 0.09033121 122.5538
6 0.11402252 76.9144
7 0.12400521 65.0315
8 0.14796215 45.6771
9 0.16662936 36.0169
10 0.17126622 34.0935

AHanu3 3THX JaHHBIX IIOKa3bIBACT, YTO NPH HCIOJIb30BAHHU
METOJIa B KaUeCTBE PELICHHs] HAXOAUTCS NMPELEICHT ¢ KOJIHMYECTBOM
notokoB paBHeM [l = 4, TX. OH HMeeT HaWIydImIyl0 Mepy
6nm3ocTn M HauOoJbIIMK BecoBOM koadduumeHt (cM. Tabn. 2).
HarnsigHo 3TOT pe3ynbTaT 1mokasaH Ha COOTBETCTBYIOIEM Ipaduke
—cM. puc. 4.
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Mepa 6au3ocTu: Bpema
0.7 oTKAuKa=30, HagexHocTb=0.98

0.6
0.5
0.4

0.3

Mepa 6ausoctn

0.2

0.1

1 3 5 7 9 11 13 15 17 19 21 23 25 27
Konuyecrso notokos

Puc. 4. Pesynprater npumenennst CBR-merona

To4yHOoCTH TOMCKAa AAaNTHBHOTO  pEIICHHs, OIpenesieMas
BhIpaKeHUsIMH (4)-(6) MOXeT OBITh yTydlIeHa IyTeM NPHUMEHEHHS
Mmerona K-Grmkaiimmx coceneit (cm., Hamp. B [21]).

5. BoiBoabI M HanmpaBJCHUsL JajibHe X uccjae 0BaHui

Takum 00pa3om, B pe3ynbTaTre SKCHEPHUMEHTAIBHON MTPOBEPKU
pa3paboTaHHOTO TO/XO0/Aa IMOKa3aHa €ro paboTOCIIOCOOHOCTH I
pelleHus 3aJauyd  HaxOXJIEHHsS aIalTUBHOIO PpEHICHUs [0
opranuzaiu MHorornoroynoit padotst KIIK tuna cepBepa oOmena
JaHHBIMHM, KOTOpoe oOecrieunBaeT  BBINOJHEHHWE  3aJaHHBIX
3HAaYCHUH NapaMeTpoB ero (QYHKIHMOHUPOBAHMSA Ui HEKOTOPOH
TeKyIeil mpoOIeMHON CUTyalny.

Crexyer OTMETHTh, YTO B JaHHOW ITOCTAHOBKE pEIICHHS
3a1aun HaXOXXACHUS aIalITHBHOTO YIIPaBIICHUS JUTS
¢byHKkunoHnoBaHus pacnpeneneHHoil [IC He ydYWTBHIBANHCH Takue
BeChbMa BaXHBIE (DAKTOPBI, CYIIECTBEHHO BIUSIOIIME Ha ee
IIPOU3BOIUTEIBHOCTD U HAJIE)KHOCTD, KaK, HAIIPUMeED:

360



— BO3MOXHOCTb OJHOBPCMCHHOT'O MCIIOJIb30BaHUA B CUCTEMC
HCECKOJIbKUX CCPBEPOB HpHJ’IO)KeHPIfI;

— TNPUMCHCHUC PAa3JIMYHBIX MCEXAHU3MOB KOIIHWPOBAHUA Ha
KaXxXJIOM U3 TaKuX CEPBCPOB COOTBETCTBYIONIUX 3alpOCOB
KIIMCHTCKHUX HpPIJ'IO)KeHPIfI;

— yder ¢aKTopa BIHSIHUS NPOITYCKHON CIIOCOOHOCTH CETEBBIX
COCMHEHUI U HEKOTOPBIE APYTHE.

MopenupoBaHHe M OSKCHEPHUMEHTAIBHOE HCCIIEOBaHUE 3TUX
3aja4 B KOHTEKCTE pelleHus oOumeld npoOiieMbl pa3paboTKu
S(b(beKTI/IBHI)IX MCXaHHU3MOB JUIA aJalITUBHOI'O YIipaBJICHUA
pacupenenenaeiMu  [IC W mpencraBisitoT  coboil  HampaBlICHUS
JalbHEHIINX paboT aBTOPOB JaHHOMU CTATHH.
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Abstract

A extensible source code manipulation framework on top TermWare
rule system is introduced and its application to software system
analysis is presented. The framework allows to build light-weighted
formal models, focused on particular properties of a program to be
analyzed and does not need full computational semantics of the
program. This allows building a number of useful practical
approximations of computational semantics in inexpensive and
efficient way. Two practical applications — static analyzer for Java
source code and a system for partival evaluation of Java sources are
described.

Keywords: TermWare, rule-nased systems, source transformations,
static analysis

1. Introduction

Rewriting rule based techniques are well known to be used in
symbolic computation as well as in software system development. A
particular class of rewriting rule systems consists of comprehensive ones
such as Maude[1], Stratego[2] or APS[3] that have appeared as an
alternative to logic programming systems, Jess [4] intended to use
rewriting rules for construction of expert system, and ASF+SDF [5] for
transformations of syntactical trees analysis accordingly. The system
Tom [6] is extension of Java to manipulate tree structures.

A reference feature of rewriting rule systems is availability of the

rules to represent subject domain objects as formal expressions (e.g.
algebraic terms) and universal capability of transforming these terms
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through the policies of applying production rules based on non-logic
principles, often in a form of imperative sequences (or strategies) of rule
applications.

TermWare system has been recently developed and applied by the
authors in different subject domains of software engineering [7], [8], [9].
It also belongs to comprehensive rewriting systems but differs from
other systems of this class in both semantics of used facilities and
technology of their implementation.

TermWare language is not a universal programming language for
writing full-fledged software system. Instead it is aimed to compose
domain specific parts of the applications built into an applied system for
implementing functions of interaction of the system with its
environment.

The semantic features of TermWare language also essentially
differs from conventional rewriting systems: Usually rewriting rules
programmer uses the formal model of some subject domain to
implement classic “closed” computation paradigm in functional style
where input/output operations and interactions are not represented
explicitly and are rather “side effects” than regular events.

In TermWare formalism includes not only set of rewriting rules, but
interactions with environment that is represented as dynamic base of the
facts. Thus, instead of hiding imperative style of programming in side
effects TermWare offers some kind of immersion of imperative
operations into logic of declarative program. The term system is open in
the sense that it is interactive and its behavior is determined not only by
input terms, but by state of environment.

The outline of the paper is as follows. In the next section the formal
model of TermWare language and the system are presented. An
example of TermWare application in semantic approximation while
analyzing source code for defect detection is described in section 4.
Concluding remarks are given in section 5.

2. TermWare system
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The model of TermWare is constructed as algebra of terms by
expressions of the form f(x; ..., X,) with variables and basic data types
similarly to other typeless functional programming languages. Some
well known functional names can be shortcut with infix syntax (x+y
instead plus(x,y))

Computation is defined by sets of the rewriting rules together with
policy of their application. Unlike traditional rewriting systems,
rewriting rule is not a pair x — vy, but a four x [ in] — y [out], where X,
y - input and output terms; in, out - input and output reactions.
Semantics of rule can be interpreted as imperative describer "rewrite X to
y under condition in having applied to environment operation out".
Environment is defined as class in object oriented language (Java in our
case), so in and out are terms which includes calls for methods of
environment class.

The main entity of termware language is the term system, which consists
from of set of rules, environment, name and strategy. l.e. the term
system itself is defined as a term of the form

System(name, ruleset, facts, strategy )

where name is a name of the system, ruleset is a set of rewriting rules
with interaction, facts is a database of the facts of environment, strategy
is an algorithm of ruleset application. Thus, TermWare gives a direct
mapping of logical model of interactions to the programming language
having clones of modern means of support of inheriting and a
hierarchical name system.

Detailed description of TermWare semantics is presented in [7].

3. Representation of source code.

3.1. AST terms.

The first naive, but practical approach to source code analysis presents
an abstract syntax tree (AST) as a term in TermWare system. This term
can be manipulated by means of facilities provided by TermWare
system. Such representation can be seen as some form of symbiosis of
AST and algebraic terms with opportunities of performing well-defined
operations expressed as declarative rewriting rules.
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As an illustrative example consider the following Java code:

package X;
class X

int x() {return1; }

which corresponds to the following term:

CompilationUnit(
PackageDeclaration(Name(cons(ldentifier("x™),NIL))),
TypeDeclaration(Modifiers(1,NIL),

ClassOrInterfaceDeclaration(
class
Identifier("X")
,NIL,
ExtendsList(NIL),
ImplementsList(NIL),
ClassOrlnterfaceBody(
cons(
ClassOrlInterfaceBodyDeclaration(
Modifiers(0),
MethodDeclaration(NIL,
int
MethodDeclarator(

Identifier("x"),
FormalParameters(NIL))
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,NIL,

Block(
cons(
ReturnStatement(
IntegerL.iteral("1")),
NIL)))

),
NIL

M)

To walk over such terms one can use rewriting rules. For example
following rule from JavaChecker project [8] triggers warning messsage
on empty catch blocks:

catch($x,Block(NIL)) -> true

[ violationDiscovered(EmptyCatchBlock,
"empty catch block",$x) ].

3.2. Model terms

As one can see from previous examples syntax only manipulations are
quite limited: Computations are local and one can check only relations
with terms which are situated 'near' each other. Symbol categorization is
absent; for example, in the sentence this.x=x we can not distinct member
variable in the left part from parameter (or local variable) in the right
part of the sentence.

TermWare solution for this problem is providing 'right' form of source
representation, which include not only syntax tree, but some global
context access object(mark) which involve functionality of semantics
categorization of symbols and navigation on relations between them in
semantics scope of analyzed program.
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Note, that exists another approach implemented in stratego system[10]:
so called dynamic rules, which can be created and removed in runtime in
depends of scope of processing. Such approach can solve problem of
context availability (but not navigation). So, TermWare provide model
representation, differs from AST by embedding some extra parameter —
source context which provides metainformation about current expression
(similar to Java modeling elements of API in JSR 269 [11]).

Since TermWare defines mapping of Java classes into terms, we can use

object API for access to such information still preserving declarative

style of rules.

For this purpose for each term x we will define the model term model(x)

in following way:

- if  x=f(x;...x,) then model(x)= f n(model(xy),

model(x,),ctx), where f , is appropriative model symbol and
ctx is a special object which provides access resolver and

context of current expression.
— if xis literal then model(x)=x.

For example, the model term for X.java, mentioned in previous section
looks like following:
ClassOrInterfaceModel(

Modifiers(1),class, Identifier("X"),
NIL,NIL,NIL,

ClassOrlnterfaceBody(
cons(MethodModel(Modifiers(0), NIL,
TypeRef(int,
jobject(JavaPrimitiveTypeModel@179dce4)

),

Identifier("x"),
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FormalParameters(NIL),
NIL,
cons(
ReturnStatementModel(
IntegerLiteral("1"),
jobject(JavaPlaceContext@19bb25a)),
NIL),
jobject(@1e58ch8)),
NIL)),

jobject(@179935d)

)

where JavaPlaceContext encapsulates API for resolving of symbol terms
to access semantics model of analyzed program. In this way our
environment is rich enough to build strict algorithms of abstract
interpretation, up to partial evaluation.

4. Examples of usage

4.1. Detection of resource leaks
As an example, let us look on semantic approximation for resource leaks
detection. Resource leak is a phenomenon of requested resource from

operation system and middleware that is not released thereafter. Let have
a look at following sample code:

public static void main(String[] args) {
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FileReader reader = null;
try {
reader = new FileReader(args[1]);
}catch(FileNotFoundException ex){
ex.printStackTrace();
return;
}
for(int i=0; i<10; ++i) {
int ch=0;
try {
ch=reader.read();
}catch(10Exception ex){
ex.printStackTrace();
return;

}

System.out.print(ch);

}
if (reader!=null) {

try {

reader.close();

}catch(10Exception ex){
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ex.printStackTrace();

return;

}
System.out.print(ch);
}
if (reader!=null) {

try {

reader.close();
Ycatch(IOException ex){
}
}
}

Here if an exception is occurred inside for loop than FileReader reader
remains unclosed. For the purpose of leak determination we can abstract
program state as sequence of variables, which are opened, but not closed
in current scope. Then, for each language construction we can either
generate a set of posssible states or consider it as an operation over a
state.

Let the state will be one of:

1. OPENED(expr, fileAndLine) which means that expr is in
opened but not closed (where expr is an expression model,
usually local variable)

2. cons(s 1,;), where s, s, are states. This means that

sy is applied after s,.

372



3. RETURN(s), which means that execution flow is ended with
the
state s.

4. cond(v,s), which means that the state s is possible when v is
true.

5. sys,, which means one of states s, or s,. (But we does not
known which one)

6. S1&& Sy, which means, that we must check each from states s;
and s,

Final state is correct (i. e. program is executed without resource leaks) if
the resulting state does not contains OPENED elements.

Now, let's map Java model term to the execution semantics. A class is
considered correct if all initializers and methods of this class are correct.
Block is just a sequence of statements, and the real work begins at the
level of statements and expressions.

Among all expressions, the most important for resource leak detection
are allocation expressions and method calls. We think, that allocation of
variable cause OPENED state, when we create object, which implements
Java Closeable interface. Let's assume, that we create a new Closeable
object on method call, if method can be named as so called 'Factory
Method'. With allocation expressions situation is more interesting. In
general, not every unclosed instance of Closeable interface can cause
resource leak: there may exist some ‘fake' Closeables which must
implement interface but does not use system resources, such as
StringWriter. Yet one problem is so-called 'ProxyAllocation' when the
code from first fragment cause resource leak, but the code from the
second fragment — not.

Fragment 1:

PrintStream x =
new PrintStream(new FileStream(fname));

Fragment 2:
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StringOutputStream ss =
new StringOutputStream();

PrintStream x = new PrintStream(ss);

So, for resolving such problems the program model must contain
information not only from source code, but from some other information
sources which can not be deduced from code. For this purpose
mechanism of external annotations has been created which makes
possible to annotate classes and methods and does not touch existing
source code.

CheckExpression($var,

AllocationExpressionModel(TypeRef($tname,$type),$arguments, $ctx),$
state)

[

$ctx.subtypeOrSame(
$type,

$ctx.resolveFullClassName(
"java.io.Closeable"))

&&
1($type.getAttribute(
"NotCloseable™)==true)

-> CheckAllocationNotProxy(
$var,$type,$arguments,
$ctx, $state)

I-> CheckExpressions($arguments,
Pstate),
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CheckAllocationNotProxy($var,$type,
$arguments, $ctx,
$state)

>

((

1($type.getAttribute(
"CloseableProxy')==true)

apply(
openclose::Closeable Arguments,

apply(NormalizeExpressions,
$arguments))

))

?

cons(
OPEN($var,$ctx.fileLine)
$state)

. CheckExpressions(
$var,$arguments, $state),

This is a rule for allocation expression. At first, look at conditions: by
call of subtypeOrSame we determine if allocated type is inherited from
java.lang.Closeable. The attribute NotCloseable is a special attribute
which must be set for classes, safe to leave without call of close(), such
as java.io.StringWriter(). If such condition is met then we check that
allocation is not 'ProxyAllocation' and add OPENED(x) to list of states.

As example of other kind of rule — the rule for processing if statement:
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ChecksStatement(
IfStatementModel($expr,$s1,$s2,$ctx),
$state) ->

let ($evstate <- $state )

cond(
Sexpr,
CheckStatement($s1,
CheckExpression(NONE,$expr,$evstate))

&&

cond(not($expr),
CheckStatement($s2,

CheckExpression(NONE,
$expr,Sevstate)))).

As one can see this rule looks like a part of interpretation framework. At
some level of abstraction, tracking resources can be described as abstract
interpretation over states.

Now, our abstract state can be simplified, when we calls close method.
This is defined in next rule fragment:

CheckExpression($var,
MethodCallExpressionModel($obj,
$methodModel,

$arguments,$ctx),
$state)

$ctx.subtypeOrSame(
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ModelHelper.getType($obj),

$ctx.resolveFullClassName(
"java.io.Closeable™)

)
&&

$methodModel.getName()=="close"

->
merge(CHANGE($0bj,CLOSE),$state)

where merge is an operator on abstract state, defined by set of rules,
which perform actual simplification of program state.

merge(CHANGE($x,CLOSE),[]) > [1,

merge(CHANGE($x,CLOSE),[$y:$z])
-> [checkOpenClose($x,$y),
merge(CHANGE($x,CLOSE),$2)]
and so on.

Specialization via partial evaluation

As one more application, consider a specialization of Java programs
using simplified form of partial evaluations. This is natural way of
extending previously described functionality, only one new element —
pretty printer for Java terms.

Specialization of partial evaluation can be described as a process of

mapping some Java program A and set of constants C to Java program
mix(A,C) which works exactly as A on all datasets that contains C. This
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is some simplification of real partial evaluation, because we have
varying set of constants instead input.

Typical rules are just recursive downhill of partial evaluation marker:

JPE(ClassOrlInterfaceModel(
$modifiers,
$type,
$name,
$typeParameters,
$extendsList,
$implementsList,
$body,
$context))
->
ClassOrinterfaceModel(
$modifiers,
$type,
$name,
$typeParameters,
$extendsList,
SimplementsList,

JPE($body),
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$context),

JPE(ClassOrInterfaceBody($x))
-> ClassOrInterfaceBody(JPE($x)),

JPE(ID -> 11,
JPE(cons($x,3y))
-> cons(JPE($x),JPE($y)),

When we change on expression level, JPE ruleset contains rules for
performing constant computation:

JPE(AndExpressionModel($x,$y,$ctx))
>

AndExpressionModel(JPE($X),
JPE(3y),$ctx),
AndExpressionModel(
BooleanLiteral(false),$y,$ctx)
->
BooleanL.iteral(false),
AndExpressionModel($x,
BooleanL.iteral(false),$ctx)

-> BooleanL.iteral(false),

AndExpressionModel(BooleanLiteral(true),
$y,$ctx) -> By,

AndExpressionModel($x,
BooleanL.iteral(true),$ctx) -> $x,
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And we must substitute variables from C by their values:

JPE(FieldModel($obj,$id,$fm,$ctx))
[ isJPEField($fm,$y) ] -> $y
[isStaticFinalLiteralField($fm,$y)] -> $y
I-> FieldModel($obj,$id,$fm,$ctx),

Process of partial evaluation implemented in TermWare transformation
rules performs simplification of model terms and their transformation to
syntactic AST terms. It can also be represented as abstract interpretation,
where abstract states are specialized sources. All functionality is
described by near 200 rules in less than 1000 lines of code.

Practical usage of partial evaluation is not only specialization but also
optimization transformations which can be deduced from the fact that
program works in specialized environment. Two main optimizations are
method call devirtualization and elimination of unreachable code.

Elimination of unreachable code includes reachability analysis and
removing

classes and methods, unreachable from application entry point. This
optimization is implemented as imperative algorithm, which runs after
specialization.

Method call devirtualization is substitution of virtual method calls by
non-virtual when program analysis shows that concrete type of method
is statically known. In some cases such transformation can cause
significant speedup of program execution. One of simple
devirtualization strategies is just marking as final all classes which have
no childs. Availability of childs can be checked by global source
analysis. Note, that such optimization can not be performed by compiler
or virtual machine, because compiler does not perform global analysis.

5. Conclusion

In this paper the term-rewriting framework TermWare and its
application to a real non-trivial problem in source code analysis and
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transformations are considered that are used in industrial strength
projects [8],[9]. The combination of imperative and declarative approach
appears to be more powerful than declarative-only or imperative-only
solution.

We believe that multiparadigm programming is the way to actually bring
rewriting techniques to programming mainstream. Our future research
efforts will be focused on better integration of object orientation, more
precise model of Java semantics (including stack emulation) and
working with concerted models of multiple target languages (expecial
SQL and C#) to obtain multi-language transformation framework.
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Automata Classes Inheritance in Dynamic Language
Ruby

Artyom Astafurov (DataArt), Kirill Timofeev (DataArt), Anatoly
Shalyto (SPbSUITMO)
artyom.astafurov@gmail.com

Abstract

Automata-based programming is often used for creating systems
with the complex behavior. However the automata-based programming
has problems such as support of automata-based code and
documentation, further system improvements and code clarity. Object-
automata approach is based on the object-oriented and the automata-
based approaches and combines their main advantages, such as a
flexibility, scalability and availability of a powerful mechanism for
describing complex systems based on the finite state machines. This
approach allows to resolve the problems described above.

In existing object-automata approaches it is hard to encapsulate the
transition clauses and develop code that clearly reflects the transitions
between states as the transition logic is often hidden in the handler
methods of incoming actions. In order to resolve the problems of
existing object-automata approaches and retain all their benefits it is
suggested to use dynamic programming languages for creating automata
programs. This paper describes two approaches based on object-
automata approach that use object-oriented and dynamic Ruby
properties.

This paper shows that using object-oriented features of Ruby each
state and automata can be represented as a separate class. It helps to
maintain the automata hierarchy in the object-oriented code. However
this approach has disadvantages, such as syntax redundancy that
complicates code modifications and improvements.

With the help of Ruby’s dynamic language features a domain-
specific language (DSL) can be developed. The DSL will allow to an
isomorphic translation of state charts to code and solve problems of pure
object-oriented approach. However this approach has a disadvantage of
losing the automata hierarchy because each state and automata are not
represented as a separate class.

Keywords: Automata-based programming; object-oriented

programming; object-automata approach; functional programming;
dynamic languages; domain-specific languages; DSL; Ruby.
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HacJieqoBanue aBTOMATHBIX KJIACCOB € HCIO0JIb30BAHHEM
AMHAMHYECKHX I3bIKOB MPOrpaMMHPOBAHHS HA
npumepe Ruby

Aprem Acradypos(DataArt), Kupuaa Tumodees (DataArt),
Anaromii laasiro (CIIGTY UTMO)
artyom.astafurov@gmail.com

Te3ucol

[Ipn co3maHuu cHCTEM CO CIIOXKHBIM ITOBEJCHUEM IeIeco00pa3Ho
NPUMEHATh aBTOMAaTHOE THporpaMMupoBaHue. OmHaKO TIPH  €TO
HCTIONB30BaHUM BO3HUKAIOT MPOOJEMBI, CBSI3aHHBIE C TOMICPIKKOMN
aBTOMAaTHOTO KoJa M JOKYMEHTAl[UH, C BHECEHHEM H3MEHEHHUil B
CHCTEMY, a TaK)K€ HAISTHOCTBIO M MOHATHOCTHIO aBTOMATHOTO KOJa.
OOBEKTHO-aBTOMaTHOE MPOTrpaMMHPOBAHUE OCHOBAHO Ha OOBEKTHOH M
aBTOMAaTHOM mapajaurmax mporpaMmupoBaHus. OHO coBMelaeT B cebe
X OCHOBHBIE IIPEHMYIIECTBA: TMOKOCTb, PACIIMPSIEMOCTh W HaJIMYHUE
MOII[HOT'O M@XaHH3Ma ONHCAHUA CI0XKHOTO MOBEACHUS, OCHOBAHHOI'O Ha
KOHEUYHBIX aBTOMAaTaX, — YTO IO3BOJISIET PEIIUTh ONHCAHHBIC BHIIIE
TIPOOIEMEI.

OnHako B CYHIECTBYIOIIMX OOBEKTHO-aBTOMATHBIX IOJXOAaX HE
BCeraa yaaeTcs yA0OHO BBINENATH YCIOBHS IIEPEXOJOB U MHUCATh KO,
KOTOPBIN HATISITHO OTPayKaeT MEPEXOAbl MEKAY COCTOSHHUSAMH, TaK Kak
JIOTUKAa TEPEeXOJI0OB OOBIYHO CKPBIBAETCS B METOJIaX-00paboTumkax
BXOJHBIX BO3AeWcTBUH. s yCTpaHeHHMS HEZOCTaTKOB OOBEKTHO-
aBTOMATHOTO TIOJIX0/Ia, @ TAKXXe COXpPAHEHHWsS BCEX €ro IOCTOMHCTB,
paccMaTpHuBaeTCs IIpUMEHEeHNE JUHAMHYECKUX SI3BIKOB
IIPOTPaMMHPOBAHUS I TOCTPOCHHS aBTOMATHBIX IporpaMM. B nanHO#
pabore ommcaHel JABa  MOAXOZAA,  HCIOJB3YIOIME  OOBEKTHO-
OpPHEHTHPOBAHHBIE U IMHAMUYECKHE CBOICTBA s3bIka Ruby.

Iloxa3aHo, 4YTO JOCTOMHCTBOM  MCIIOJIb30BaHHUSI  OOBEKTHO-
OpPHEHTHPOBaHHBIX CBOMCTB s3bIka Ruby sBisieTcs 1O, 4TO Kaxkmoe
COCTOSIHHE W aBTOMAaT MPEACTaBICHbI OTAEIBHBIM KJIaccoM. OITO
MO3BOJISIET COXPAHWUTh HEPApXHI0 aBTOMaTa IPU TEpPEeHOCce €ero B
00BEKTHO-OPUEHTUPOBAaHHBIH KojJ. OnmHako 3TOT moaxoj oOmamaer
TaKUM HEIOCTATKOM, KaK CHHTAaKCHYecKas M30BITOYHOCTH, YTO WHOT/A
MOJKET 3aTPYAHATH MOJM(HUKALINIO ¥ pacIIMpeHne Koaa.

[Mpn momomw JUHAMHYECKHUX CBOMCTB s3blka Ruby Moxer ObITH
paspaboTaH mpeaMeTHO-OpueHTUpoBaHHbIH s3bik  (DSL), KkoTOpBIi
MO3BOJISIET M30MOP(HO TEpPEeHOCHTh JUarpaMMbl  COCTOSIHHUS B
MPOTrPaMMHBIA KOJ, W pemaerT npoOieMbl MPeabIylero IMoaXo/a.
OpHako HEJOCTAaTKOM JWHAMHYECKOTO IIOIXOAa SBISETCA IOTEps
HepapXuM pPOAMWTENHCKOTO aBTOMaTa IIPH HACIEeIOBaHWH, TaK Kak
COCTOSTHHE M aBTOMAT HE NPEJCTaBIICHbI OTJAEIbHBIMHU KJIACCAMH.
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1. Bseaenue

[Ipu co3maHWMM CHCTEM CO CIOXHBIM IIOBEICHHEM IeIeco00pa3Ho
NPUMEHATh aBTOMAaTHOE NPOIPaMMUPOBAHUE HA3bIBAEMOE  TaKKE
«IIpOrpaMMHpPOBAHUE OT COCTOSIHMM» WM <«IIPOrPpaMMHpPOBAaHUE C
SIBHBIM BBIZCTICHHEM cOCTOsHUI» [1]. OmHako TpW HUCIONB30BaHUH
ABTOMATHOTO TPOTPaMMHUPOBAHUS BO3ZHHUKAIOT MPOOIEMBI, CBS3aHHBIC C
MOAJEP)KKOM aBTOMAaTHOIO KOJA W JOKYMEHTallMd, C BHECEHUEM
U3MEHEHHUH B CUCTEMY, a TaKKEC HaArJIdAHOCTBIO W TOHATHOCTBIO
aBTOMAaTHOTO KOJA.

IIpu coBMECTHOM HCIIOJIb30BAaHUU OOBEKTHOW M aBTOMATHOMW Mapajurm
MIPOrpaMMHPOBAHUsI ATOT MOAXO0 ObLT Ha3BaH B pabore [1] «0OBEKTHO-
OpPHUCHTHUPOBAHHBIM MnporpaMMHUpOBaHUEM C  ABHBIM BBIICJICHUEM
COCTOSTHHH», KOTOpOe B JanbHeiliieM OyleM Ha3blBaTh «OO0BEKTHO-
ABTOMATHOE NMPOrpaMMHUPOBAHUEN.

OOBEKTHO-aBTOMATHOE  INPOTPaMMHUpPOBAHHE COBMeIMIaeT B  cebe
OCHOBHBIE IIPEUMYIIECTBa OOBEKTHOW M aBTOMATHOHM MapaJurM, TaKHe
KaKk THOKOCTb, pAaCIIUPSIEMOCTh M HAJIAYHEC MOIIHOTO MEXaHH3Ma
ONMCAHMUSA  CIIO)KHOTO  IOBEACHMS, OCHOBAaHHOI'O Ha  KOHEYHBIX
aBTOMATaX, — YTO TIO3BOJISICT PEIIUTH OIMCAHHEIC BEIIIE TPOOIEMBIL.
HacrnenoBanne M BJIOXEHHE COCTOSHHM, MpHUMEHSIEMOE B OOBEKTHO-
ABTOMATHOM MpOorpaMMHUpOBaHUH, IMO3BOJACT 3HAYUTCIBHO COKPATHUTH
TpebyemMoe YUCIIO TIEPEX0 0B JUIs OTTHUCAHMS CJIOKHOTO aBToMaTta [2].
O}]HaKO B OIHUCBIBAEMBIX B DJTOH CTaTbe OOBLEKTHO-aBTOMATHBIX
MOJIX0/1aX HE BCErAa ynaeTcs yIoOHO BBIIENATH yCIOBUS HEPEXO0JI0B, a
TaK)X€ IMHUCATh KOJ, KOTOPBIA HAIJIIHO OTPAXKAET NEPEXOJbl MEXKIY
COCTOSTHHSIMH, TaK KakK JIOTMKa II€PEeX0JI0B OOBIYHO CKPBIBAETCS B
MeTo/1aX-00padOTUMKaX BXOAHBIX BO3/IEHCTBUH.

Jnst ycTpaHeHUs 3THX HEe0CTaTKOB 0OBbEKTHO-aBTOMATHOTO IOX0/a, a
TaK)KE€ COXpPaHEHHMsl BCEX €ro JOCTOMHCTB, B JIaHHOW pabore
IpeUlaraeTcsi paccMOTPETh INPUMEHEHHE JAWHAMHYECKUX SI3BIKOB
nporpaMMHUpOBaHUA JIA IMOCTPOCHHUA ABTOMATHBIX IIPOTpaMM. B
KauyecTBE TaKOTO sA3bIKa OyJIET UCITOIB30BaH 361K RUbYy.

B nmamHO#f pabore OyayT omnmcaHsl IBa IIOAXOAAa K pa3paboTke
ABTOMATHBIX IIpOrpaMM Ha A3BIKEC Ruby, a TaKXE BBIIIOJIHCHO HX
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CpaBHCHHUC C YK€ CYHICCTBYIOUIMMHU PCIICHUAMMU. B kauectBe npumepa
npemiiaracMbIX IIOAX0A0B PACCMOTPEHO CO3JaHME aBTOMATHBIX KJIAaCCOB
11 9TCHUA W 3alluCu B (1)3.1\/'1.1'[ C HCIIOJB30BAaHHUEM BJIOXKCHHA H
HaCJICa1OBaHMI.

2. O030p MOIX0A0B U pelleHUil peaJn3alliu aBTOMATOB

CylecTByeT HECKOJIbKO MOAXOMOB K  pealu3allud aBTOMAToB:
MOJTHOCTBIO PYYHOE NPOrpaMMHPOBAHUE, aBTOMATHYECKas TeHepalus
KOJa MO JuarpaMMe IIepeXOof0B M pydYHOE HalNUCaHHE KoJa C
MIPUMEHECHUEM CIICIUabHON OnbmmuoTeku [3].

B npuBenéHHbIX HMXKE paboTax MCHOIB3YEeTCsl PYYHOE HalUcaHHe Koja
C TpUMEHEHHEM CIIENHANbHOW OWONMOTEKH Ul peaji3aluu
ABTOMATHBIX KJIACCOB, OJJHAKO KaXKJI0€ U3 YKAa3aHHBIX PEIICHUNA HAPSIY C
JIOCTOMHCTBAaMH, 00JIalaeT U HETOCTaTKaAMH.

1. B pabore [3] wucnomp3yeTcs IOUHAMHUYECKHH  SI3BIK
mporpamMupoBaHus Ruby, ¢ momomsio kotoporo Obia pa3paboTaHa
oubmmoreka STROBE, uro mo3Bonmio ynqo6HO 0TOOpa3uTh aBTOMAT W3
rpaduyeckoil HOTalMU B MPOTPaMMHBINA koa. OfHaKo B 3TOW paboTe He
OBUIO peay30BaHo HaCleJ0BaHHE aBTOMATHBIX KJIACCOB.

2. B pabore [4] mnpuMeHseTCs ACKIapaTHBHBIN TMOAXOJ K
peanu3alii  aBTOMATHBIX OOBCKTOB MPH OMONIM  OOBEKTHO-
OPUEHTHPOBAHHBIX HMIIEPATHBHBIX S3bIKOB IPOrPAaMMHUPOBAHUS CO
CTaTHYECKUH TPOBEPKOH THIOB. MCronb3ys S3BIK MPOTrpaMMHUPOBAHUS
C#, OBIIO peai30BaHO HACIICOBAaHUE M BIIOKEHHE aBTOMATOB. B To ke
BpeMsI KOJI IIPOTPaMMEI 00J1aIaeT CHHTAKCHIECKOH H30BITOYHOCTRIO, U4TO
MOJKET 3aTPYAHATH MOIM(DHUKALINIO JIOTHKU TIEPEXO/IOB.

3. Ilnaruu Acts as State Machine [5] miast Ruby on Rails mo3Bosser
ONHCaTh JIOTHKY BEO-TIPHIIOKEHHUSI C HWCIOJIb30BaHUEM aBTOMATHOU
MapagurMbl IPOTPAMMHUPOBAHMS. JTOT IUIArMH 00J1amaeT NPOCTHIM
CHUHTaKCHCOM, OJIHAKO B HEM He ObLJIO pEaIM30BaHO HACIIEAOBAHUE H
BJIOXKCHHE aBTOMATHBIX KJIACCOB.

B npamHOl paboTe ycTpaHSIOTCS HENOCTATKU TNPUBEAEHHBIX BBIIIE
pewieHuid. [l 3TOro peaiau3oBaHbl JBa NOAX0Ja K IEPEHOCY AHArpaMM
MepPexX0/I0B B MPOrpaMMHbBIH KoJ. [lepBhIil moaxom OyJeT UCIOJIb30BaTh
00BEKTHO-OPHEHTUPOBaHHBIE CBOWCTBa si3bika Ruby, BTOpOlt —
JTMHAMUYECKUE.

B kagectBe mpumepa OyqyT peanM30BaHbl aBTOMAaTHBIE KIIAcChl IS
yreHus n3 ¢aina u 3anucu B Qaiii, MoBeAeHHe KOTOPBIX MOXET OBITH
0000IIIEHO U CTPYKTYPHUPOBAHO C TIOMOIIBIO HACJIETOBaHUS. DTH KJIACCHI
00pazyioT uepapxuio, IIoKa3aHHyI0 Ha puc. 1.
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File

ReadFile WriteFile

Puc. 1. Mepapxus kjiaccoB 1ocryna K gpaiiy

C File N
iciosed fopencd
| C 3aKpbiTb daiin

| closed Tpynna "®aiin 3akpbIT"

| I1sO n Tb OTKPBIT N daiin
| main HayanbHbliii pexxum

L opened Tpynna "®aiin otkpbIT"

- — - = — |RF BepHyTb 3HauyeHue false
Q C Q RT BepHyTb 3HayeHue true

IsO/RF IsO/RT

Puc. 2. AGcTpakTHBIH KiIace padoThl ¢ ¢ailiom

3. Ocobennoctu s3pika Ruby

Ruby - xkpocc-mnardopMeHHbIid, 00BEKTHO-OPHEHTHPOBAHHBIN
JMHAMHUYECKUit SI3BIK HpOrpaMMHUPOBaHUS c JJIEMEHTaMHU
(byHKIMOHANBHOTO cTHIIs [6]. DTH cBOWCTBA s13bIKa Ruby 1mo3BossitoT:

1. Tlomyuuts aBTOMAT, KOA KOTOPOTO YHOOEH IUIi YTCHHS H
JabHEHIIIET0 CONPOBOXKAEHUS, OJaromaps BO3MOXKHOCTH pPa3pabOTKH
npeaMeTHo-opueHTHpoBaHHOTO  s3blka  (DSL).  IlpemmymectBamu
npumeHeHnss DSL  sBisitoTCA: BO3MOMKHOCTH CO3IaHUSI PEIICHUS B
TEPMHUHAX MNPEJIMETHONH 00JIacTH, TaKMM 00pa3oM, SKCIEPTHl JAHHOH
MIPEAAMETHON 00JaCTH MOTYT IIOHUMATh, IPOBEPITh U MOJU(UIIPOBAT
HANWCAaHHBIA  KOJA; CaMOJOKYMEHTHPOBAHHBIH KOJ; MOBBILICHHE
Ka4yecTBa, HaAE&KHOCTH U  COMNPOBOXKAAEMOCTH  MPOrPaMMHOTO
obecriedeHusl.

2. Jlerko BepuduuupoBath aromar. s 3Toro morpedyercs
pelNTh JIBE 33j1a4M: J0Ka3aTh KOPPEKTHOCTh IMOCTPOCHUSI CTPYKTYDBI
aBTomMara ¢ nomomipio DSL u BepuduumpoBarh aBTOMAT, MPUMEHSS
TEMITOpaJIbHYIO JIOTUKY. Tak Kak cBOMCTBOM (pyHKIHMOHAIIBHBIX SI3BIKOB
MIPOrpaMMHPOBAHUS SBJISETCS OTCYTCTBHE MOOOYHBIX 3(P(HEKTOB, TO IS
JIOKa3aTeNbCTBA KOPPEKTHOCTH IIOCTPOCHUSI CTPYKTYPbl aBTOMaTa C
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momoteto DSL OynmeT noctatodHo yOemuThcs B KOPPEKTHOM pabote
KKJIOU OTIEIbHON ()YHKITUH.

3. Pemmts Bompoc wu3oMopdHOrO TepeHoca TpaduuecKon
HOTaIlMM B TPOTPAaMMHBIA Kox [8] — mpu peanm3anuy TPYNIIIOBOTO
mepexoga He TmoTpeOyercs AyOiIMpoBaHWME Koia TMepexoma s
BJIO’KEHHBIX COCTOSIHUM.

4. HacnenoBanue W BJIOKEHHE aBTOMATOB C HCHOJb30BAaHHEM
00bEKTHO-OPUEHTHPOBAHHBIX 0co0eHHOCTEd si3bIKka Ruby

Hcnonw3ys rpaduueckyro Hotaimio [2], Ha puc. 2

MPE/ICTaBICH a0CTPAKTHBIN aBTOMATHBIN Kilacc Ui paboThl ¢ (ailiom
(File) Onpenenenst ob1Ue st BceX (aiiioB MEPexo/bl:
e ISO — mo3BossieT ONpenenuTh, OTKPBIT JU B JAHHBIE MOMEHT
(ait;
e C —3akpbIBaet Qaiin.
Juarpamma moBenenust kiaacco ReadFile u WriteFile, mocrpoennast ¢
UCIOJIB30BaHMEM HACIIEIOBAaHUsI, IPUBEIEHA Ha PHC. 3.

( ReadFile : File N ([ WriteFile : File A
:. closed : : ® opened : :. closed : :. opened :
| [ reading | | main | writing |
| | | enter WLE | | | enter WLE |
| [ exit WLX | | | exit WLX |
| ] | | dFrw |
Lo __C ! !
R w
OFR OTKpbITb $aiin Ha YTeHue OFW __ OTKpbITb daiin Ha 3anncb
R Yuratb u3 daiina w 3anucatb B daiin
reading _®aiin OTKpbIT Ha YTeHue writing _®aiin oTKpbIT Ha 3anucb
WLE BbiBecty "enter" Ha 3KkpaH WLE BbiBecty "enter" Ha 3kpaH
WLX BbiBectu "exit" Ha akpaH WLX BbiBecty "exit" Ha akpaH
N\ AN J

Puc. 3. Peanusyembie kiaccel ReadFile u WriteFile

KopHeBbIM 31eMEHTOM NpEIIaraeMoil HEPAPXHHU SBISETCS a0CTPAKTHBIM
knacc File, 06o061maronuii HEKOTOpPbIE aCIEKTHI AOCTYMA K (aiiny.
Astomar ReadFile wacmemyer or asromara File rpymmer closed
(comepxut cocrossHne Main) u opened (He COJEPX HUT HH OJIHOTO
cocrosians). B rpynmy opened nobasisiercst HoBoe coctosiane Reading,
¢ neiicteuem npu Bxoge WLE wu peiictBmem mpum Beixome WLX.
Hob6asnstores HoBble epexoabl OFR (u3 cocrosinus Main B cocrosiiue
Reading) u R (metas ms cocrosuus Reading). AHanorudHbiM 00pa3om
crpoutcst apromat WriteFile nacienosannsiii or aBromara File.
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Peanusyem mnpuBeHEHHBIC BHINIC ABTOMATHBIC KJIACCHI, HCIIONB3YS
00BEKTHO-OPUEHTUPOBAHHBIE 0COOEHHOCTH s3bika Ruby. Ilpu sToMm
KaXIbII aBTOMATHBIH KJACC W COCTOSIHHE SIBISIIOTCS OTHIENbHBIM
KJIACCOM SI3BIKA.

PaspabGoraem abcTpakTHBIM aBToMaTHBI Kiace File. Jlnms storo
MIPEeIBApUTEIFHO pean3yeM BCE €r0 COCTOSHUS M BIIOKEHHBIE TPYIIIIHI
coctossiHuil. [IpuBen€HHBIH HWXKE KIAcC OTBEYaeT 3a CO3JaHue
cocrosauss Main, koropoe Haciemyercs OT Kiacca abCTpakTHOTO
cocrosiHus State.
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Co3ma"Hoe cocTosiHME mMeeT nMs Main:

class Main < State
def initialize container
super :Main, container
end
end

Paspaboraem rpynmy Opened. Ona umeer nepexon C B cocrosiaue Main
¢ gefictBuem mpu mepexome RT (puc. 2). Ilepexomsl 3amaroTcs
nyOonuuHbBIME MeToamu (Hampumep, nepexon C), Toraa Kak IeiicTBus
3aJ1al0TCS PUBATHBIME MeTojaMu (Harpumep, nevicteue RT):

class Opened < Automaton

def initialize name, container=nil
super name, container

end

def C
@container.state :Closed
RT()

end

private
def RT; true; end
end

AHajoru4HeIM 00pa3oM co3faauM BioxeHHywoo rpymmy Closed. TTocie
gero cosgaaum asromar File, kotopelii Oyaer BkIO4aTh B cebs
paspaboTanHbie Bole BiIokeHHbie rpymnel Opened u Closed.

class File < Automaton
def initialize name, container=nil
super name, container
automaton Closed.new(:Closed, self),
Opened.new(:Opened, self)
initial :Closed
end
end

Hanee co3mamum aromar ReadFile (puc. 3) Hacmemyemsiii OT aBTOMara
File, ms sroro paspaGoraem HoBoe cocrossuue Reading:
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class Reading < State
def initialize container
super :Reading, container
end
def R; @container.state :Reading; end
end

I'pynna ReadOpened nacnenosana ot rpynmst Opened. CrnenoBatesbHO,
oHa OyJger HMMETb BCE MEPEXOAbl M COCTOSHMS, KOTOpbIE OBUIH
obbsiBnensl B rpymmne Opened. OmHako B 3Ty Tpymmy TpebyeTcs
nobaButh cocrosiHue Reading, uyTo mocTHraeTcs BBI3OBOM METOZA
automaton — naHHBIM METOJ MCIOJIB3YETCSA I CO3JaHus BJIOXKCHHOMU
TPYIIIBI C 3aJaHHBIMU COCTOSHHSMH.

HauanpubiM coctosiHneM BiioxxeHHoW rpymnel ReadOpened Oymer
cocrostuue Reading, uro mocturaercst BeI3oBoM Meroza initial.

class ReadOpened < Opened
def initialize name, container=nil
super name, container
automaton Reading.new(self)
initial :Reading
end
end

AHaJorH4YHBIM 00pa3oM co3maauM coctosHue ReadMain, rpymmy
ReadClosed u aBromarst ReadFile u WriteFile (puc. 3). B pesynbrare
ObUT CO37aH NPOTPaMMHBIH  KOJl, OTOOpaKaromMii  aBTOMATHI,
[peCTaBJIeHHbIE Ha puc. 2, 3.

MO>XHO OTMETHTH CIIEAYIOLIEE JOCTOMHCTBO HCIIOJIb30BAHUS 00BEKTHO-
OpPUEHTHPOBAHHOI'O MOJIX0/a K Pealn3allii HACJIeOBAHUS U BIIOXKEHHS
aBTOMaToB [4]: KaXI0€ COCTOSIHHE W aBTOMAT SIBISIETCS OTIENbHBIM
KJIACCOM, YTO MO3BOJISIET COXPAaHUTh UEPAPXHUIO aBTOMATa IPH MepeHoce
€ro B 00bEKTHO-OPHUEHTHPOBAHHBIN KOJI.

HenmocraTok maHHOTO MOJX0a: CHHTaKCHYECKast H30BITOYHOCTD, YTO HE
MO3BOJISIET JIETKO MOAUGHUIMPOBATH JIOTUKY TEPEXOJ0B U PACIIUPSTH
KOJI.

B pabore [2] rpadmuueckas HOTaust MOXET OBITH OTOOpa’keHa B
MIPOTPaMMHBIA KOJ JIMIIb OZHUM CIHOCOOOM: C IOMOIIbIO OOBEKTHO-
OPHEHTHPOBAaHHOTO IPOTPAMMHPOBAHMS, TOT/A KaK JIMHAMUYECKHUE
SI3BIKM TIPOTPAaMMHUPOBAHUS MO3BOJISIIOT HPUMEHHUTh €€ M BTOPOH
Croco0, OCHOBAaHHBIA Ha METarporpaMMHPOBAHMHU, KOTOPBIH Oyner
paccMOTpEH HHXKeE.
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5. HacienoBaHue W  BJIOXKEHHE ABTOMATOB C IOMOINLIO
JAMHAMHYECKHX CBOICTB si3bika Ruby

OTOT NOAXOA YCTpPaHSAET CHHTAKCHYECKYI0 M30BITOYHOCTH, KOTOPAs
OblTa OTMEYEHa B KadeCTBE HEAOCTaTKa IPEABIAYIIETO peleHus. B
pe3yibTaTe IPUMEHEHHUS TUHAMUYIECKOTO si3pIka Ruby OpLT paspaboTan
CHelMaNbHbIM NpeIMETHO-OPUEHTUPOBAHHBIN S3bIK, KOTOPBIH COCTOUT
13 TPEX OCHOBHBIX KOHCTPYKLUI:
current — ycTaHaBIMBaeT Ha4aJbHOE COCTOSHHE aBTOMATa.

e state — co3ga€r HOBOE COCTOSHUE, KOTOPOE€ MOXKET HMEThb
HECKOJIbKO KIIFOUEBBIX MTapaMeTpoB:

:enter — nelcTBUE NIPHU BXOJE B COCTOSIHUE;
‘eXit — nelicTBYE NPH BBIXOJE U3 COCTOSHHSL.
transition — co3paér mepexox M3 OMHOTO COCTOSIHUSI B APYroe,
KOTOPBII MOXKET HIMETh CIETYIOIUE KIIIOYEBBIE TAPAMETPHL:
:from — cocrosiHKe, M3 KOTOPOTO MPOUCXOUT MEPEXO;
‘10 — cocTosiHME, B KOTOPOE MPOUCXOIUT NEPEXO/T;
:guard — ycioBue, Ipu KOTOPOM MPOM30UAET MEPEXOT;
‘event — Ha3BaHMeE Nepexoa;
:proc — nelicTBHE Ha MEPEXOE.
KutoueBsie mapametpsl (enter, (exit u :proc seisroTcs aamoaa-

byukuusiMu. Ycmosue :guard, mpu KOTOPOM BBITTOTHAESTCSE
MEPEXO0I, ABJISACTCS JAMOIa-IPEIUKATOM — JIAMO1a-PYHKITUCH,
KOTOpas BO3BPAIIAET 3HAUCHUE «HCTHHAY» HIIH JI0KB.
[IpuBeneM Koa, KOTOPHIHA peasn3yeT aBTOMATHI, H300paKEHHBIC
Ha puc. 2, 3:

class AbstractFile < Automaton::Base
def RT; lambda { true } end
def RF; lambda { false } end
def IsO; lambda { @file.is_opened? } end

current :main

state :closed,

:enter => lambda {{:current_state=>:main}}
state :opened
state :main

transition :from => :opened, :to => :main,
:event =>:C
transition :from => :closed, :to => :closed,
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:event => :1sO,
:proc => RF()
transition :from => :opened, :to => :opened,
:event => :1s0,
:proc => RT()
end

class ReadFile < AbstractFile
def WLE; lambda { puts “enter" } end
def WLX; lambda { puts "exit" } end
def R; lambda { @file.read } end
def OFR;lambda {|name| @file.open(name, "r") } end

state :reading,
:enter => WLE(),
-exit => WLX()
state :opened,
:enter => lambda {{:current_state=>:reading}}

transition :from => :reading, :to => :reading,
:event => R
transition :from => :main, :to => :reading,
:event => :OFR
end

PaCCMOTpI/IM KOHCTPYKIIUHN MpeAMETHO-OPUCHTHPOBAHHOI'O SA3BbIKa,
HUCIIOJIL30BAHHBIE B 3TOM nporpamMmme:

[ ] YCTAHOBUTH HAYAJIbHOC COCTOSAHHUC aBTOMATA B main:
current :main

e co3marh HOBOE COCTOsiHME C WMeHeMm Writing. Tlpu Bxome B
naHHOe coctosiHue Beimonasiercs ¢yukims WLE(). Tlpu Berxome
M3 TAHHOTO COCTOsTHMS Bhimonusietcst Gpynkiwst WLX():
state :writing,
:enter => WLE(),
rexit => WLX()

e cozmarth mepexon u3 cocrosinus closed B cocrosinue closed, uro
obpasyer memmo npu BxomHoMm Boszzaeiicteun 1SO(). B cimyuae
nepexoa Oyner BoimonaaeHa Gpynkius RF():

transition :from => :closed, :to => :closed,
:event => :1sO,
:proc => RF()
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Paccmotpum HacnenoBanue aBTomata ReadFile. J{ns atoro Heo6xoaumo
no0aBuTh HOBoe cocrtosHue Reading, xoropoe Oyner sABIATHCS
OCHOBHBIM tst Tpymimer Opened, u 1Ba HOBBIX mepexona R u OFR:

class ReadFile < AbstractFile
state :reading,
:enter => WLE(),
.exit => WLX()
state :opened,
:enter => lambda {{:current_state=>:reading}}

transition :from => :reading, :to => :reading,
event => R
transition :from => :main, :to => :reading,
event => :OFR
end

Taxum 06p330M, NpeuMyHmIeCTBOM  JAaHHOI'0 1oAXoda  ABJICTCA
OTCYTCTBHC CUHTaKCUYECKOM I/136LITO‘~IHOCTI/I, 4qTo IO3BOJIACT

HCII0JIb30BATh TaKkue [IPEUMYLIECTBA DSL, KaK
CaMOJJOKYMEHTHUPOBaHHBIN KOZ, MPOCTOTA MOHUMAaHHUSA u
pacuIupsIeMOCTb.

B Toxe BpEMA HEAOCTATKOM JAHHOI'0 IOoAXOo4da SABJIACTCA IOTEPA
HUepapxXun poAUTCIbLCKOTO aBTOMATA: COCTOSIHUEC aBTOMAaTa HE SBJISICTCA
OTACIBHBIM KJIaCCOM, KakK ObLIO IIpu HCHOJIB30BAaHUHN 00BEKTHO-
OPHUEHTHUPOBAHHOI'O MMOAXOAA.

6. IIporoxoaupoBanme

Bnaromaps TaKOMY CBOWCTBY JTUHAMAYECKUX SI3BIKOB
MIPOrPaMMHPOBAHHS, KAK METAPOTPAMMHUPOBAHKIE, MOXKHO pa3paboTaTh
MOJYJb, KOTOPHIA OYyJeT aBTOMAaTHYECKH OTCIEKHMBATH MEPEXObl, U
BBIBOJIUTH 00 ATOM COOTBETCTBYIOUIYIO HH(popmaruio. [Ipu sTom He
BOXHO, OBUI JIM WCIONB30BaH OOBEKTHO-OPUEHTHPOBAHHBIA WIIN
JTUHAMHUYECKHIA MOIX0]T K pean3aiiy aBTOMATOB.

Paccmotpum npumep it asromaTta ReadFile:

class ReadFile < AbstractFile
def initialize name, container=nil
super name, container
automaton ReadOpened.new(:Opened, self),
ReadClosed.new(:Closed, self)
end
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tracer
end

JaHHBIA KITacC OTIMYAEeTCS OT TOTO, KOTOPHIH OBLT HCIIONB30BaH B
paszene 7 TUIIB OAHOM CTPOKOH tracer. 3To MakpOBBI30B, KOTOPBIHA IS
Ka)XXJJOT0 NEPEXO0Aa U COCTOSHHS BBIBOAUT OTJIAJOYHYIO MH(OPMALHIO,
Hanpumep:

ReadMain::OFR begin
In the OFR
ReadMain::OFR end

7. 3axkiaroueHue

B mactosmed pabore Obum pa3paboTaHbl ABa IOJIXOXA, KOTOpPBIC
MO3BOJITIIOT  M30MOPGHO  TEPEHOCUTh AWarpaMMbl COCTOSHHS B
IUarpaMMbl  TIOBEACHWsS, a TIIOCIe 3TOro  Jaiee  H30MopdHO
IIpeoOpa3oBEIBAaTh MOJMYYECHHBIH PE3yIbTaT B NMPOTrpaMMHBIA Kox. [Ipm
3TOM  OBUIM  paccMOTPEHBl  OOBEKTHO-OPHEHTHPOBAHHBIE  H
JIMHAMIYECKIE CBOWCTBA A3bIKa MporpaMMupoBanus Ruby.
JIOCTOMHCTBOM HCIIOJIB30BaHUsI OOBEKTHO-OPHEHTHPOBAHHOTO MOJX0a
K pealu3alvyd HacJleJOBaHUS U BJIOXKEHHUS aBTOMATOB [2] sBISETCS
COXpaHEHHE HepapXuH aBTOMara MpU IEPEeHOCe ero B OOBEKTHO-
OPUEHTHPOBAHHBIA KOJ OJylarojapsi TOMY, YTO Ka)X/I0€ COCTOSHHE H
aBTOMAT SIBIISIFOTCS OT/JIEIIbHBIM KIIaCCOM.

OnmHako JaHHBIM TOAXOA O0ONagaeT TakHUM HEJAOCTATKOM, Kak
CHHTaKCHYecKass  M30BITOYHOCT M HE  TO3BOJIIET  JIETKO
MOJU(UIIMPOBATH JIOTHKY IIEPEXO/I0B.

ITokazaHo, YTO I AMHAMHUYECKHX SI3BIKOB MPOTPAaMMUPOBAHUS MOXKET
OBITh pa3paboTaH MpeaMETHO-OpPUEHTUPOBAHHEIH 361K (DSL), xoTopsrit
MO3BOJISIET:

e co3daTh pelleHne B TEPMHUHAX TNpeaMeTHoW obmactu. B
pe3yibTate OJKCIepThl B OSTOH 00JacTH MOTYT IOHUMATh,
MPOBEPSITh U MOAUGDUIIMPOBATH HATMCAHHBIN KO/,

e  o0ecreuuTh CaMOJOKyMEHTUPOBAHHbIN KOJI.

Henmocrarkom  3Toro  moaxoma — SIBISIETCS  MOTEpS  MEpapXuu
POIMTENHCKOTO aBTOMATa, TaK KaK COCTOSHHE W aBTOMAaT HE SIBISIFOTCS
OTICIBbHBIMH KJIacCcaMM, Kak ObUIO pealn30BaHO B OOBEKTHO-
OPHEHTHPOBAHHOM II0JIXOJIE.

Takum  00pa3oM, ONTUMAaJbHBIM  pEIIEHHEM OyJeT  SBIAThCA
o0be/MHEHNE  OOBEKTHO-OPUEHTHPOBAHHOTO M JTUHAMHYECKOTO
MOJIXOJIOB: MPEJIMETHO-OPUEHTUPOBAHHBIN SI3bIK OYAET HCIIOJIb30BaH
IUTSL CO3/IaHMS KITACCOB OOBEKTHO-OPHEHTUPOBAHHOTO MOAX0A.
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Analyst in Agile — archaism or need?

Andrey Bibichev
Customized InformSystems Ltd.
email: andrew@custis.ru

Abstract

Among the issues of applicability and use of the Agile
methodologies there are three most popular: in what measure are
they compatible with fixed-price contracts; what is the managers’
role; what about analysts. The first two issues are covered by a
number of reports and articles from gurus of Agile movement. But
the last one is not covered so well, and by this report, we make an
attempt to improve situation.

First part discusses the reasons why there is an opinion that
there is no place for analyst in Agile. The main one is a
misinterpretation of some theses and “slogans” which are found in
descriptions of Agile methodologies. For example, cross-
functionality of team members, denial of need for the detailed
specifications, desire to escape the unnecessary documentation, etc.

Second part describes the problems emerging at different stages
of the Agile development process, which are usually hard to solve
without an analyst: formation of the domain model; specifying tasks
for an iteration; interaction with business-staff (domain expertise,
clarifying the requirements’ details); quality assurance; pilot
deployment and initial support of software.

Third part gives a detailed description and analysis of the
options for interaction between analyst(s) and developer team:
analyst inside the team; Product Owner acting as analyst; analyst
being the Product Owner’s assistant; separate department of
analysts. We discuss the benefits and disadvantages of each option,
and conditions under which it can be applied.

Final part briefly addresses related issues, such as: what is Agile
specifications; where, how and why to deal with an internal project
documentation; why domain models are again in mainstream; how
to bring up an analyst.

All materials are based on the practical use of Scrum
methodology in Russian software company, and are correlated with
authoritative views and statements.

Keywords: Agile; Scrum; Analyst; Product Owner; Domain Model.
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Ananutuk B Agile — apxan3m nin Heo0X0aUMOCTH?

buouuyeB Anapeii
000 «3akaznsie HupopmCucreMn»
email: andrew@custis.ru

Te3ucol

Cpemu BOTIPOCOB 0 MPUMEHHMOCTH W HCHOJIB30BaHUHM Agile-
METOJIOJIOTHH MOKHO BBIACTHUTH TPH HamOojiee MOMyJSPHBIX:
COBMECTUMOCTB C MPOEKTaMH (UKCUPOBAHHOI CTOMMOCTH; KaKOBa
POIb MEHEIKEPOB; KaK OBITH C aHATUTHKAMHU. UTO KacaeTcst IepBBIX
IIBYX, TO UM YK€ TIOCBSIIICH IENBIA PsI TOKIAA0B U CTaTel OT Typy
Agile-nBmxenns. A BOT TMOCHEAHHH BONPOC OCBEIICH HE Tak
3II0POBO, YTO U MBITACTCS NOMPABUTE TaHHBIN JTOKITA].

B mepBoit wactim 0OCYXHalOTCS MPUIMHB, O KOTOPBIM
BO3HMKaeT MHeHue, 4to B Agile aHanuTikam He MecTo. OCHOBHas
U3 HHX — HeBepHas (TUHEpTpOPHpPOBAaHHAS) HHTEPIIPETAIIHS
HEKOTOPHIX TE3MCOB M  «CIOTAaHOB» W3 ommcaHuil Agile-
METOJOJIOTUH, TakuX Kak KpOcCHYHKIHOHAJIBHOCTh YJICHOB
KOMaHIBL, OTpHIIaHHE HEOOXOTUMOCTH B O IPOOHBIX
cnenuUKaMuIX, CTpeMJICHHE K W30aBICHHIO OT CO3IaHHA
HEHYKHOM TOKYMCHTAIUH U T.[I.

Bropas wdwacTh TOCBSIIEHa OMUCAHWIO 3a7ad, KOTOPHIC
BO3HMKAIOT Ha pasHbIX 3tamnax Agile-npouecca pa3paboTku u mnpu
pEelICHuH  KOTOPBIX pOJIb  aHAJIMTHKA [OYTH HE3aMeHHMa:
(dbopMHUpOBaHHE MOJAENH MPEIMETHOW 00JacTH; (QOpPMYyIHpOBKa
3a/a4 Ha UTEPAIHNIO; B3aUMOICHCTBUE C MPEICTABUTEISIMUA OU3HECA
(9kcmepTH3a B NPEAMETHOH O0O0NacTH, TMPOSCHEHHE eTajci
[OCTAaHOBKM); KOHTPONb KadyecTBa; MHIJIOTHOE BHEJPEHHE U
HaYaJbHOE COTMPOBOXKICHHE IIPOTPAMMHOT0 O0ECIICUEeHUS.

B  Tperbeli yacTh  MOAPOOHO  pPacCMAaTPHUBAIOTCA U
AHAMM3UPYIOTCA ~ BO3MOXKHBIC ~ BapHWaHTBl  B3aMMOJCHCTBHSA
aHaTUTHKA(OB) M KOMaHABI pPa3pa0OTYMKOB: AHATUTHK BHYTPH
komauel; Product Owner, vcHonHSIOMUM (QYHKIMU aHAINTHKA;
aHaIUTUK — moMOIIHKMK Product Owner-a; 060COOIEHHBIN OTaET
aHaUTHKOB. OOCYKIAIOTCS IUTFOCHI U MUHYCBHI KaKJOW W3 CXEM,
YCIIOBUSI TPUMEHUMOCTH.

3aKroYnTeIbHAS YacTh KOPOTKO 3aTparuBacT TaKWe CMEKHBIC
BOTIPOCHI KaK: 4T0 Takoe Agile-mocTaHOBKHY; I/ie, KaK U 3a4eM BECTH
BHYTPEHHIOIO IPOEKTHYIO JIOKYMEHTAILMIO; TI0YeMY MOJEIH
MIPEeIMETHOM 00JIACTH CHOBA B MOJIC; KaK BEIPAIINBATh AHATTHUTUKOB.

Beck MaTepuan 0OCHOBaH Ha MPAKTHYSCKOM OIIBITE BHEAPCHUS U
ucrons3oBanus  Agile-metomonornn  Scrum B pOCCHMCKOM
KOMIIaHUU-Pa3padOTYNKe MPOTPAMMHOTO OOecredeHus enterprise-
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YpOBHsA, a TaKXKE€ COOTHCCEH C AaBTOPUTCTHBIMW MHCHUSAMU U
BBICKa3bIBaAHUSMMU.

Keywords: rubkue wmertomonorum; Scrum; axamutuk; Product
Owner; Mozienb mpeaMeTHON O0IACTH.

1. Bseaenue

I'ubkue MeTomomormu HaOWpPAOT MOMyISApHOCTH B Poccun u
crpanax CHI'. Kak mpaBmio, mpu paccMOTPEHHH BO3MOKHOCTH
nepexofa Ha HUX (M Jake B IMpOIECCe Mepexoja WM HAa4albHOTO
HCTIONIB30BAHMSA), OUYTH HEM30€KHO BCTAHET LIEJBINH PSiI BOIPOCOB,
€CIIM He CKa3aTh, coMHeHui. Hanbonee yacTpie u3 HUX:

1. Kaxk 6bITb c fix-price koHTpakTamu B Agile?

2. Kaxkosa ponp MeHekepa B Agile, 1 Kak 3Ta poJib COOTHOCHUTCS
¢ nonstueM Product Owner?

3. Hyxusl mu ananutuku B Agile, u ecriu 1a, TO KaK JT0KHO OBITH
OpraHNu30BaHO B3aMMO/IEHCTBUE C HUMU?

Uro kxacaeTcsi OTBETOB Ha IEPBBIC IBAa BOIPOCA, TO OTBETHI HA
HUX MOXXHO HaWTH B BEIMKOJICTIHBIX IPE3CHTAlMAX JBYX TJIaBHBIX
MOMYIIIPU3aTOpOB MeTomonoruu Scrum — Jxeda Caseprenna [1]
n Xenpuka Kanbepra [2]. Kpome TOro, BechbMa IIOJIE3HBIM B 3TOM
CMBICIIE MOJKET OKa3aThCi M 3HAaKOMCTBO ¢ pokmagoMm Cracu
Bponepuk [3], B kKoTOpoM OHa OOBJCHSET, KaK NEPEBEPHYTH C
TOJIOBBI Ha HOTH KJIACCUYECKUI TPEYTOJIbHUK
CpPOKH/00BEM/OFOIKET.

A BOT HaWTH FOTOBBIM OTBET Ha TPETUI BOMPOC, KaK HU CTPAHHO,
HE Tak-TO IPOCTO.

JlaHHBIA NOKJAx TpHU3BaH MOMBITATBECA XOTS OBl YaCTHYHO
3aI0JIHUTB 3TOT MPOOE.

2. HeoOxoauMbie OTrOBOPKH
2.1. bu3Hec- 1 cucTeMHBIE AaHAJUTHKH

JlocTaTO4HO pacripoCTPaHEHHBIM SIBISIETCS JieJieHUE aHAJMTHKOB
Ha OM3HEC-aHAIMTHKOB M CUCTEMHBIX aHaJUTHKOB. [lepBbie Oosblie
KOHLIEHTPUPYIOTCSI Ha BOIPOCaX M TOHKOCTSX (DYHKIMOHHPOBAHHMS
ABTOMAaTH3UPYEMOT0 OM3HeCa, SIBJISIFOTCS SKCIIEPTaMH B TIPEIMETHOM
007acTi, HO JNANeKH OT KaKUX-JIMOO CHCTEMHBIX «3aMOpOYex». A
BTOPbIE — HA CHCTEMHOM aHalli3e, MOCTPOSHUH HHPOPMAIMOHHBIX
MoJeNield, HMMEIOT  IpeACTaBleHHe 00  OrpaHWYeHUsIX W
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OCOOCHHOCTSIX ~ MCHOJIB3YEMBIX  TEXHOJIOTHH,  Y4acTBYIOT B
apXUTEKTYpPHOM AM3aiHE.

B naHHOM [1OKJIazie CTOJIb YETKOTO JCIEHHS HE HCIOJIB3YeTCs U
Be3/le YNMOTPEeONIACTCS TEPMHH «aHAJIUTHK» 0€3 JOMOIHHUTEIbHBIX
yroyneHuil. [lpu 3ToM B GONBIIMHCTBE CIydYaeB NPEIIoaraeTcs,
4TO 93TO, CKOpee, OW3HEC-aHAIUTHK, HO KOTOPOMY HE YY)KUBI
CHCTEMHOE MBIIUICHHE H INPHMEPHBIC  IPEICTABICHUSA O
TEXHOJIOTUYECKUX OCOOCHHOCTAX Pa3padaTbIBaeMOW CHCTEMBI, T.C.
Kpocc(yHKIIMOHATBHBIN aHAINTHK (YTO BIIONHE B Oyxe Agile) c
YKIJIOHOM B OM3HEC-001acTb.

2.2. «MpbI roBopuM Agile, nogpasymeBaem Scrum»

Ceiiyac  merojonorust SCrUM  HACTONBKO TONYJSIpHA H
pacupocTpaHeHa, YTO B OOJIBIIMHCTBE COBPEMEHHBIX JOKIAN0B U
cTaTeil, mocBsmeHHBIX Agile, kak mpaBmilo, OCHOBHOE BHHMaHUE
yzenseTcs IMEHHO SCrum. DTo moxoske Ha JOMUHHpoBaHKe Internet
Explorer-a, kotopoe 6but0 Ha pbiHke Web-Opay3epoB HECKOJIBKO
JIeT Hazaf.

[epedpasupys w3BecTHBIH JTO3YHT O maptuul U Jlenune: «Msl
roeopuM Agile, mompasymeBaem Scrum! MsI roBopuM Scrum —
nojpa3ymeBaem Agile!»

JlaHHBII TOKJIaX HE SBISAETCS UCKIIIOUEHUEM U3 3TOW TEHIEHLUU
— ero Marepuall TpeAnojiaraeT HCIOJIb30BaHHE MMEHHO Scrum B
kadectBe Agile-merononornn. Ho cienyer moHuMaTh, 9TO 3TO HE
SIBIIICTCS ~ CEpbe3HBIM  OrpPaHHYEHHEM Ha  NPHUMEHHMOCTh
ONMCAHHBIX MOJXOJOB B COYETAHWHM C JPYTMMH THOKHMH
METOJOJIOTHAMU — TakuMH Kak eXtreme Programming (XP),
Feature Driven Development (FDD), Open Unified Process
(OpenUP) u T.11. — U3MEHATCS TOJIBKO TEPMHUHOIIOTHS U HEKOTOPBIE
HECYII[ECTBCHHBIC HIOAHCEHI.

Unrareins, HEIOCTATOYHO 3HAKOMOTO C METOomoJiormeit Scrum,
XO0YeTcsl aapecoBaTh K IIMPOKO H3BECTHOMY B Y3KHX Kpyrax
npakTudeckomy BBeneHuto XeHpuka Kumbepra «Scrum u XP ¢
nepenoBoii» [4].

2.3. Ha yem ocHOBaH Q0KJIa]
B ocHOoBYy MaTepmanma JemH OTHIOAb HE BHPTYaJbHEIC

9KCIIEPUMEHTHl Wi  ¢uiocodckue pasroBopbl B KypHIIKE, a
peaJbHBI OIBIT MepeBOoja LENOH KOMIIAaHWM Ha METOIOJIOTHIO
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Scrum. [MonxpoOuas wHboOpMaIHs 00 3TOM ONbITE ObLIA MPEICTAB-
neHa B nokiazae Ha koHpepenun PUT-2008 [5].

3.

Mu¢si Agile

Hawm He naHo npenyranats,
Kak citoBo Hamie oT30BeTCH.

OTH IBE CTPOKHU M3 CTUXOTBOPEHUS TrOTYEBa KaK HEIb3s JIydlle
XapaKTEepU3ylOT CUTYALMIO BOKPYI MHOTHX TE3UCOB U IPUHIUIIOB,
JeKIapupyeMbIX Kak B paMkax Agile B oOmem, Tak U B paMKkax
OTJIEJBbHBIX IIPEJACTABUTENEH THUOKHX METOMOJOTHH, TaKUX Kak
Scrum, XP unu Lean. Bot HekoTopele U3 HUX:

v

v

Haunbosee 3¢ peKTuBHBIC KOMaH/IbI — 3TO
KpOoCC(YHKIIMOHAILHBIE KOMaH/IbI;

BHavaJle UTepaIli KOMaH/e He JIOJDKHO TPeOOBAThCS HAIUIHE
MOAPOOHBIX crennpUKanuil Ui pEIIeHNS ITOCTaBICHHBIX
3ajad;

HE CJIeyeT cOo3/aBaTh <JIMIIHHE» apTredakTsl (Hampumep,
write-only mokyMeHTanuro): paboTarmuil MpOrpaMMHBIA KOZ
— EAMHCTBEHHBIH apTedakT, HEOOXOANMOCTh KOTOPOrO HE
BBI3bIBaeT COMHeHHHM (a XP MOYTH MOJHOCTBIO OTPHULIACT
HE00XOIUMOCTh BEIICHUS BHYTpPEHHEN IIPOEKTHOHI
JIOKYMEHTAITUH );

y pa3pabOTUYMKOB JOJDKHA OBITH BO3MOXKHOCTH OOIIATHCS C
MOJIb30BATEISIMH M TPEACTABUTEISIMH OM3HEca HampsMylo,
T.c. 0e3 numHUX mocpenHHKoB (a B XP eme TpeOyetcs
MIPUCYTCTBUE NPEICTABUTENS 3aKa34MKa HEIOCPEICTBEHHO B
KOMaH/Ie pa3pabOTIHKOB).

CHHCOK MOXHO IPOJIOJDKATh, HO JAXe 3TOr0 JOCTATOYHO,
9TOOBI MHEHHE THIIA «aHAJIUTHKY HeT Mecta B Agile, mubo oH
JOJDKEH yMETh INPOrpaMMHUPOBATEY IOJYYHIO CTOJb LIHPOKOE
pacIpocTpaHeHUe, YTO C ATUM YKe MPUXOAUTCS CUUTATHCS.

OueHpb 4acTo MPUXOIUTCS CIBIILIATH BOIIPOCHI:

W gto, mpu nepexojie Ha Scrum HaM HY)KHO YIUTh aHATUTHKOB
MIPOTPaMMHPOBATH?

Product Owner — 310 pyKOBOJMTEIL MPOEKTA, BHITOIHSFOLIMH
emre 1 QYHKIMA aHATTUTHKA?

Tenepr BoOOIIEC HE CIIEAYET MPEIBAPUTEIHEHO MPOPadaTHIBATH
3a/a9y WK TpeOOBaHKE Mepe]] MOCTAHOBKOM MX peali3aliy B
UTEPALNIO?
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Magaiite monpobyeM pa3o0parhCst O MOPSAAKY:
3.1. KpocchynknmnonaibHocTh

ITo cyTtH, 3TO TOT TOPH30HT, K KOTOPOMY, II0 BO3MOXKHOCTH (U B
paMKax pa3yMHOTO), CIEeIyeT CTPEMHTHCS, HO KOTOPBIA BpsI JIH
Korga-nmbo OyaeT JOCTHTHYT.

Korma mpeomorn Agile roBopsT 0 KpoccyHKIMOHAIBHOCTH,
HY>KHO IOHUMATb, Y€MY OHHU €€ MPOTHBOMOCTABIISIIOT.

Ha puc. 1 npuBeneHsl pe3ysbTaThl UCCIEIOBAHUS 3aBUCUMOCTH
YCIOBHOM KOM(MOPTHOCTH KOMaHIHOM paboThl OT KOJIMYEcTBa
poneit B komaHnae [1]. BumHo, u9TO  OOJBIIUHCTBO
SKCIIEPUMEHTATbHBIX TOUYEK JEXKUT B OKpecTtHoctu 20 poneit!
Heanuatu! Ilpu 3T0OM BechMa OarompUsTHBIC YCIOBUS HACTYMAIOT
yKe TIpU KoJr4decTBe poseit, MeHbineM 10. A ecii B KOMaH/Ie OKOJIO
5 ponelt — TO 3TO MOYTH OE3rpaHMYHOE CYACTBE KAXKIOTO WICHA
KOMaH/IBL.

120 +
100
80
60

% Saturation

1] 20 40 60 80

Number of Roles

Puc. 1. KostnuecTBo poJeii B komaHge

Tak dro mpomnaraHja KpocCPyHKIUOHATLHOCTH — OTO
IIOIIBITKA OG'LS[CHI/ITL 1 JOHECTH 0 H_II/IpOKI/IX CJIOCB, UYTO HC JOJIKHO
6BITB I/I36BITO‘-IH01“0 NniIn I/ICKyCCTBeHHOFO JCIJIICHUA 110 pOJ'[HM, XOTA
IpU 3TOM HAJIMYUE Pa3yMHOH CHENUaJIM3alMM W pa3indyus B
KBTH(DHUKAIMY BOBCE HE OTPHUIIAFOTCSI.

3/1ecs BechbMa Ba)KHBIMU  SBJIISIOTCA  BBIJICJIEHHBIE  CJIOBA:
HampuMep, eciu TpeOyeTcs ydacTHe aHaIHTHKa B PYYHOM
TECTHPOBAHUU II0JIL30BATEIHCKOTO WHTEpQeiica, TO aHAJIUTUK HE
JIOJDKEH OT 3TOr0 OTKAa3bIBATHCS TOJIHLKO HA TOM OCHOBAaHUH, YTO TO
HE BXOJHT B €ro 00s13aHHOCTH.
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ITomuuTe 0 30510TOM Cepenune!
3.2. Het noapo6usiv cnienndurammam

D10 mpoTuBOmocTaBieHHe Bomomamy (waterfall) [6] wm
TsokenoBecHbM (heavy-weight) mporteccam, B KOTOPBIX CHITBHA Bepa
B Marvi0 MOAPOOHBIX TEXHHYECKUX 3aJaHui Hu (OpPMAaIbHBIX
cneuuuKaniii Ha KOMIOHEHTHI CHUCTEMBI: YMHBIE JIFOAU JOJTO
JIYMalOT W TIIATENbHO IHUINYT XOPOIIME W MOAPOOHBIE OYMaXKKH,
MOCJIE JIEJIO OCTACTCs 3a MAllbIM — IMEPEBECTH 3TO BCE B MAIIMHHBIN
KOJ TPH MOMOIIX TPY/Aa KOAEPOB (Jake HE MPOTPAMMUCTOB, U YK
TeM OoJiee HE KPOCCPYHKIIMOHANBHBIX Pa3pabOTUMKOB). DTa Marus
HACTOJILKO YacTO HE CpabaThIBacT, 4YTO B OOJIBIIMHCTBE CIy4acs
JaXke B YCHCIIHBIX IPOEKTax pa3paboTYMKH (eciau TaKOBBIE
OKa3bIBAIOTCS CPEAM KOJICPOB) TMOUYTH HE HCIOJIB3YIOT OTH
TEXHUUYCCKHE 3aaHHs U CHCUPHUKAIUHA WA HACTOJIBKO OTXOIAT OT
HUX (IUIS TOTO YTOOBI CHCTeMa OKa3aJlaCh >KM3HECIOCOOHOM), UTO
LEHHOCTh ITUX CAMBIX BEIMYYCHHBIX JOKYMEHTOB CBOJHUTCS K HYJIIO.

B crenudukanusx ecth elie OfHA YSI3BUMOCTh: 4eM OoJee
MOJPOOHBIMU  W/MJIM HHU3KOYPOBHEBBIMH OHH OKAa3bIBAIOTCS, TEM
MEHBIIIE IAHCOB, YTO 3aKa34YMK WM MOTEHIMAILHBIN [101630BaTENb
CMOT'YT MX MMPOYUTATh, IPHYEM O TIOHUMAHUU U BepH(DHUKAIUH, KaK
MIPaBUJIO, ¥ PEYH HET.

OpHako, 3T0 HE MOBOJ COBCEM HE MpopabdaThIBaTh 3aady HIN
TpeOOBaHUE Mepes TeM, KaK CTaBUTh WX B wmrepaiuio. OmsiTh xKe,
BaXCH Pa3yMHBI KOMIIPOMHCC: HYXXHO MPOpaboTaTh Ha CTOJBKO,
4T00OBI KOMaH/Ia B PAMKaX MUTEPAIMH MOTJIA CKOHIICHTPUPOBATHCS Ha
peanu3alii  COOTBETCTBYIOIICH  (YHKIMOHATBHOCTH, a  HE
OECKOHEUHBIX BBISICHEHHSX «a YTO K€, COOCTBEHHO, HYXHOY», NPHU
3TOM MOTYT MPOM30UTH KaKHe-TO YTOYHEHHS M JaKe HeOOIbIIHe
M3MEHEHHS B HAYaJIbHOM BHJCHHUH (Vision) 3aauu.

Bonee neranbHO AaHHBIA BOMPOC OOCYXkKIACTCS B IOCIEAHEH
YacTH JOKJIaa.

3.3. MuUHUMYM AOKYMEHTAIMH

C pa3ButreM UHTEpHETA U O10T0chepsl Bc€ OOMBIIIE OIIyIIaeTCs
Hp06HeMa HE C MUCATCIIAMU, a C YUTATCIIAMU — IMUINYT MUJIJTMOHBI,
a ynurtaroT equHUI. C MPOEKTHOW TOKYMEHTAIUEH BO MHOTOM 9acTo
Ta K€ CUTyalus — ecld e€ MHOTO, TO BpsH JIM € KTO OCHJIHT
LEJINKOM, a €CITU U HAaWAyTCS YHHUKYMBI, TO BeChbMa COMHUTEIBHO,
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YTO OHU CMOTYT BCE JOJDKHBIM OOpa3oM YCBOWTH, OTJIMYMB IPU
9TOM I'JIaBHOE OT BTOPOCTENEHHOTO.

Kpome Toro, mpoekTHas JOKYMEHTAalMsi MMEET TEHACHIHMIO K
OYeHb OBICTPOMY YCTAPEBAaHHIO, €CIIM HE CKa3aTh «IPOTYXaHUIO» —
B 0COOCGHHOCTH B coueTaHnu ¢ Agile, roe n3MeHeHHs — HOpMa, a He
¢dopc-Maxkop. IOTo ycyrybmsercss TeM OOCTOSATEIBCTBOM, HTO
KOHCHCTEHTHOCTh JOKYMEHTallUH, B OTJIHYHE OT paboTaromei
CHCTEMBI, O4EHb TXKEIO IPOBEPUTE.

B cBs3u ¢ 3TuM, B Agile-METOIONIOTHAX BCAYECKH COBETYETCS
MHUHAMH3HPOBATh JTIOKYMEHTALUIO:

v u3beratp write-only JIOKyMEHTaluH, T.€. TOH, KOTOPYIO
3aBEIOMO HUKTO HE ITPOYUTAET;

v MUcaThb JIAKOHUYHO, BBIACIIAA TJIABHOC W OITyCKas U3JIWIIHUC
JeTanu, ubo AeTanu MeHAIOTCS Yallle,

v ucnonb3oBaTh  Gosiblile  BU3yalbHBIX — 00pa3oB,  CXeM,
rpaduuecKuX HOTaLUH.

Ho 310 BOBCe He 3HAYMT, YTO MUHUMH3UPOBATH HAJO BCE U JIO
Hyns. [Ipy MOJHOM OTCYTCTBHM JOKYMEHTAallUH, CKOpee BCEro,
BO3HHUKHYT CJICAYIOILINE NPOOIEMBI:

v/ TSKENO BBOAUTH HOBBIX JIFOJEH B KYPC MPOEKTA;

v/ BeNHKa BEPOSTHOCTH yTepH OOIIEH KOHLENIMA M BHICHUS
(xak mpoeKTa B LI€JIOM, TaK ¥ OTAEIBHBIX €ro yacTeil);

v/ CIIO)KHO OCYIIECTBIATh KOHTPOJb KauyecTBa, TaK KaK He
MOHSTHO C 4YeM CBepsATh (B OCOOEHHOCTHM 3TO Kacaercs
MOJHO(YHKIIMOHAIIBHOTO ~ PErPECCHOHHOTO  TECTHPOBAHMS,
KOTOPOE TOJIHOCTHIO0 aBTOMAaTH3UPOBATh OYEHb TSKEIO);

v’ CIIOXKHO CONPOBOXIATh u pa3BUBATH CTapymo
(YHKIHMOHAIFHOCTD, TAK KaK BCE yXKe 3a0bUIH MOYEeMY U 3a4eM
HUMEHHO TaK CIeJIalH;

v HUT.O

Ecnu oHM He BO3HMKIM, CUMTAiTe, 4TO BaM IoBe3no. Ho eciu
BBl JymMaeTe O OyIoylleM NpOeKTa — JIydlle He IojiarathCs Ha
BE3CHUE.

3.4. Oo0meHue pa3padoTYUKOB €
NOJIb30BaTEIAMH

TaKy}o BO3MOXXHOCTH HeﬁCTBHTeHBHO HYXHO o6ecneq1/m>, T.K.
9TO OBIBAET OUYEHD II0JIE3HO:
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v/ NOBBIIAET KauyecTBO (MEHBbIIE MCKAKEHUH B Iepenaun
WH(POPMALIUKU, BBIIIC MOTHBAIMS IPH IPSIMOM KOHTAaKTE C
MOJIb30BATEIISIMA ),

v/ BBIIIE BEPOSTHOCTL CHENATh TO, YTO HYKHO, & HE TO, YTO
npocwii («cmacubo, BBl CAETAN TO, YTO I POCHI, HO 3TO HE
TO, YTO MHE HYXHOY);

v/ yckopseT npoiecc (Kopoye Lenoyka nepeaayn nHGOpMarum).

Kak 00BI4HO, B 3TOM WAMIUINK €CTh CYIIECTBEHHBIE «HOY». Bo-
MEPBEIX, pa3padoTdanku Oosbie OOpamiaroT BHUMaHHE Ha
TEXHUYECKYI0 TNICTyXy, a TIO0Nb30BaTeid U  NPEACTAaBUTCIH
3aKa3uMka — Ha OW3HEC-NIEeNyXy, W3-3a Yero UM HHOTJA TKEIIO
JIOTOBOPUTBCS, a 3aYacTyl0 W MOHATH APYr JApyra. Bo-BTOpEIX,
OYCHBb YaCTO BCTPEYACTCA CUTYyallUA, KOTOPYIO IPUHATO OIMMUCHIBATH
TEPMHUHOM «BSI3KHI 3aKa34WK»: Ha YTOYHCHHE U MPOSCHEHUE
TpeOOBaHUHN MPUXOIUTCS TPATUTH OOJIBIIOS KOJUYECTBO YCHIUH U
BpemeHH. Kak mpaBmiio, 3To CBA3aHO ¢ OOJIBIION OIOpOKpaTH3aIueH
Y 3aKa3uMKa WIH ¢ SKCTPEMAIBHO BBICOKOH 3aHATOCTHIO KIIFOUEBOTO
MepCoHaNa y 3aKa3yuKa, a Belb BCAKHE HETPUBHAIBHBIC MOMEHTHI 1
BaXHBIC pCIICHWS MPHUXOOUTHCA BBIACHATH M COTJIACOBHIBATH
HMEHHO C KIIOYeBBIMH (Qurypamu B OW3Hec-Tpoliecce, a He
JTUHEWHBIMU HCTIOJHHUTEISIMH, KOTOPBIE PEIKO KOTJa BUASAT Jaiblie
CBOMX IOBCEIHEBHBIX PYTHHHBIX 0053aHHOCTEH.

B cBA3M ¢ OTHUM BO3HMKAaeT uJAesA, YTOOLI OBLI KTO-TO,
TIOMOTAIONINKA pa3paboTUNKaM U TOJIb30BATENSIM HAXOJIUTh OOIIMIA
SI3BIK U JIOTOBAPUBATHCS, a KPOME TOTO, MPEOMO0JICBaTh BS3KOCTh
Cpe€abl CBOMMH JIMYHBIMH YCUJIMAMU U HABbIKAMHU.

4. Bo3MoxkHBbIe QYHKINH AaHATATHKA

Urak, B Agile HeT aHTaroHm3smMa K pOJH aHAJUTHKA, Kak
TakoBo#. Ho JeliCTBUTENBLHO JIM aHATUTHK MOJKET OBITH IIOJIE3EH U B
YyeM UMEHHO?

4.1. Casizymoliiee 3B€HO MEKIY
pa3padoTYuKaMHU U 3aKa3YUKAMHU

B ommume oT Kiaccudeckodl HMHTepHpeTanud  QyHKIHN
aHaimutuka, B Agile umeHHO oOecreueHue 3(PpPEeKTUBHON CBSI3U
MEXIY 3aKa3zyuKaMu (ToTB30BaTEIIAMU ) u KOMaHA01
pa3pabOTYMKOB UrpaeT, MO CYTH, KIIYEBYIO pOib (CM. puc. 2).
OcHoBHbIE IPUYUHBI ONIUCAHBI B pazfene 3.4.
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3aKasyuk

AHANUTUK

Puc. 2. Dj1eMeHThI MO3aUKH

T.e. aHaNUTHK OKa3bIBAETCS TEM MapHeM (Ha caMoM Jielie, Jalle
NIEBYIIKOW), KOTOPOMY(Oi) JOBEPSAIOT W  IIONB30BATECIH, U
pa3paboTIHKH:

v' Ecim  BO3HUKAOT 1pobiaeMbl B (HOPMYIMPOBAHUM MU
HHTEpIpeTanun TpeOoBaHUH, TO HEOOXOANMO, YTOOBI KTO-TO
opraHnzoBail o0IIee COBeHIaHWEe, Ha KOTOPOM OBl OKa3alluCh
BCE BOBJICUCHHBIE CTOPOHBI (M OT pa3pabOTKH, M OT Ou3Heca),
IIpyu 3TOM HYXHO YIIPABJIATHL XOAOM JUCKYCCHUH, IIOMOYb
chopmupoBath odlIee penieHne U chopMyIUpOBaTh €ro TAKUM
00pazoM, 4TOObI OHO OBUIO MOHATHO BCEM 3aHMHTEPECOBAHHBIM
JIMLAM.

v Eciii 10Jb30BaTeNl CTPACTHO XOTAT OJHOIO, a Pa3spaboTYHKH
YIpsIMO HAacTAaMBAIOT HA APYTOM, TO KTO-TO JOJDKEH IOMOYb
HaWTH KOMIIPOMHCC WM YO€IUTh pa3paO0TYMKOB CIeNaTh Tak,
KaK IPOCST 3aKa39MKU 1 TOJIb30BATEIIN.

v' Eciu  [us penieHus 3ajadu Tpebyercss pOSICHUTH Pl
CYIIECTBEHHBIX JIETaJIeH, a MPEACTaBUTENHN 3aKa3uhKa yXOHIsIT
B THHY WIH yCTPaMBaIOT KPYTrOBYIO MOPYKY (OJMH CCHUIAECTCS
Ha JPYroro, TOT Ha TPETHETO U TaK Jajee, IOKa HE 3aMKHETCS
B KpYT') WX IIPOTUBOPEYAT APYT APYTY, TO HYXEH KTO-TO, KTO
cMOXeT 3((HEKTUBHO BBIMTH U3 dTOW CUTYAIHH.

v' Eciv 3aKa3uydKM aKTUBHO WCIIOJIB3YIOT CBOM BHYTPEHHHMH
*kaproH (Ou3Hec), a pa3paboTINKN — CBOM (TEXHUYECKHIA), TO
HYXEH KTO-TO, KTO CMOXET OBITh IEPEBOAUHKOM.
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B OonpmimHCTBE CiydaeB 3TOT KTO-TO — 3TO aHAJMTHK,
KOTOpOMY MIOMOTAIOT MEHEKEPBI, Korja Tpedyercs
aJIMUHHUCTPATUBHBIA pecypc, U KIIIOUEBBIE 3KCIEPTHI MPOCKTa WU
JaXke KOMIIAHUM, KoTha TpeOyeTcs TeHepanus WiH BepH(pUKaIis
HECTaHAAPTHBIX PEIICHUH.

4.2. JKcnepTU3a B MpeAMeTHOH 001acTH

OTO [OCTaTOYHO CTaHAApPTHas (QYHKOUS U1 OW3HEC-
aHanuTHKOB. Jlake eciaM y 3aKa3uuKa €CTh BHATHBIE SKCIEPTH B
NpeAMETHOW 005acTh, yMEIoIMe JOXOMYMBO H3JI0XKUTh CBOM
3HAHMS, MOJIE3HO UMETh B KOMaHJe (WM «pSJoM» C Heif) Koro-To,
KTO OyJeT HaKaIuUIMBaTh 3Ty HKCHEPTH3Y. DTO NO3BOJIUT HE 3aBUCETh
OT BHEIIHUX 3KCIEPTOB MPH paboTe ¢ APYTUMH 3aKa3dMKaMH Ha TOM
K€ BEPTHKAJbHOM pBIHKE WIM TpPH Iepexoje OT IITYYHOIO
3aKa3HOTO PEIICHUS K THPAXKHPYeMOMY (KOpOOOYHOMY), BEAb Kak
N3BECTHO, 3a4acTyI0 TIOKYIAeTCs HE MMPOAYKT, a SKCIIEPTH3a U OMBIT.

4.3. CucreMaTu3anus U NOCTPOeHHE MoeJiei

B Agile 3agaum cucremartMzanUEM  NPEACTABICHUA U
TpebOBaHUH, TOCTPOCHUE MoOJeTe mpeaMeTHOH oblmacTu W
OTIETHHBIX JJIEMEHTOB CHUCTEMBI MPUHATO pelIaTh MPU MOMOIIU
IPYIMIIOBOTO MHTE/UICKTa — Ha OONICKOMAHIHBIX JU3aiH-CEeCCHSIX,
ceccusiXx IUTAHUpPOBaHMA W T.aI. W 93TO oOKa3pIBaeTcsi OYEHb
3G QEKTUBHBIM — BO BpeMsl TAKHX OOLIMX 00CYXIEHUH POXKAAIOTCS
HamOoJlee aleKBaTHBIC MOICIH W KauyeCTBEHHBIN Am3aiH. [losToMy
aHamuTHK B Agile He 003aH yMeTh JeNaTh 3TO CAMOCTOATENBEHO, HO
MPAKTHAKa MMOKAa3bIBAET, YTO €CIHM aHAJHTUK CIIOCOOCH MPEUIOKUTH
«HAYaTbHOE TPHONMIKEHHE», TO CKOPOCTh M 3()(HEKTHBHOCTH
o0miero o0cyKIeHUs Pe3KO BO3pacTaroT. B oTiimdne ot «Bojomama»
Takas CHTyalHs JHOCTaTOYHO KOM(OpTHA — HE CTPAIIHO CHAeIaTh
OIIMOKY HJIH YTO-TO HE YI€CTh — KOJUIETH MOMOTYT 3TO UCTIPABHTb.

Ecmm ke aHanuTuk He o00JagaeT OOCTATOYHBIM YpPOBHEM
CHCTEMHOCTH  MBIIUICHUST WJIM  HaBBIKAMH  MOJEITUPOBAHUS
(coctaBneHuss Mojeneil mpeAMETHOH 001acTH), TO 3TH (QYHKIHH
BO3bMET Ha ce0s KOMaHJa, BO3MOXHO JaXKe C MPHUBICYCHHEM
9KCIIEPTOB U3 JIPYTUX MPOEKTOB.

44. KonTpoas kavuecrBa
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TpaguiMoHHO  cuWTaeTcs, YTO  KOHTPOJEM  KadecTsa
3aHMMAIOTCS CIIELUaJbHble JIIOAW (WM poOOTH?), KOTOpHIC
BBINOJTHSAIOT IPUEMOYHbIE HCTIBITAHKS 110 OIMCAHHBIM METOJUKAaM U
mporpammaM. B Agile TOBOpSAT, YTO 3TOr0 HE IOCTATOYHO H K
3TOMY, KaK MUHHIMYM, TIPHOABIISIOT:

v perymspuele, 1-2 pazsa B  MecdAl, JIEMOHCTPALUH
MPEACTABUTEISIM 3aKa3dWKa ISl TIOJNYyYeHUS HEOTIOXKHON
00paTHOI CBA3M;

v/ Unit-TecTsl ISl MAKCHMAJIBHON aBTOMATH3ALMH U YHPOLICHHS
mpolecca PEerpecCHOHHOTO  TECTUPOBAHMS, JIOKAIW3AlMU
BO3HMKAIOIIMX OMIMOOK, (opManu3anuy crnenupuKanui Ha
YaCTH CHCTEMBI JI0 YPOBHSI IPOBEPSIOIIETO KOJIa;

v HENpephIBHYIO WHTErPALMIO U  PAHHETO OOHAPYKEHUS
npoOJeMm.

310 BCE 3A0pOBO, IIOJIE3HO, JCHCTBUTEIHHO TMOBBIMIAET
Ka4eCTBO M MHHUMH3HUPYET HEKOTOpble pHCKH. OmHAaKO KTo
MIPOBEPHUT, YTO CHAENANM TO, YTO HYXHO, W 4YTO TIIOJIH30BATHCS
yno6Ho? Ilonmp3oBaTeny M 3aKa3dWKH Ha JAEMOHCTpAlMH — 3TO,
KOHEYHO, BapHaHT, HO, BO-TIEPBBIX, HE (DAKT, YTO CpeaW HHUX
OKaXyTCS 3aWHTEPECOBaHHBIC UMEHHO B 3TOH ()YHKIMOHAJIBHOCTH,
a BO-BTOPBIX, TaK MOXXHO MOTEPATH JMIO (JEMOHCTpanus
NpEeBpaTUTLCA B CCCCUIO TCCTUPOBAHUA U OTIAAKWU, IPUYEM Ha
rjla3ax y U3yMJICHHOH MyOJInKH).

I'empux KuubGepr B cBoeil mnpesenramun «l0 crnoco6oB
HamopTauuTh co Scrum u XP» [7] TOBOPUT 0 KPUTEPHH «CIETaHO»
(DoD, Definition Of Done). CornacHo 3ToMy KpUTEPHIO, 3aja4a HE
cYMTaeTCs A0 KOHIA BBIIIOJIHEHHOW /IO TEX IIOp, MOKa COOTBETCT-
Byonias (PyHKIMOHAJIBHOCTh HE MPOHIET (QyHKIMOHAIBHBIE TECTHI
n noka Product Owner He coryiacurcst ¢ TeM, 4TO CIAEJIaHO TO, YTO
HyxHo. T.e. momydaercs, uto Product Owner ydacTByeT B KOHTpOJIE
KayecTBa — KOTI'Jla KOMaH/ja CINTAET, YTO 3a/lada YCIIEIIHO pelleHa,
B 3TOM JIOJDKEH eme yoeantbes u Product Owner.

JlocTaToyHO OYEBHUIHO, YTO BMECTO (MJIM COBMECTHO C)
Product Owner-a (om) 3Ta mo4eTHas OOS3aHHOCTH MOYKET OBITH
BO3JIOXKECHA HA aHATUTHKA.

IIpu >TOM Jyuile HE BTArMBaTbL AHAIUTUKOB B DPY4HOE
PErpeCCHOHHOE TECTUPOBAHUE WIHM IPYTHE PYTHHHBIE IIPOLEAYPBI
— TOJIBKO B TIPOBEPKY NPABUJIBHOCTH pealu3alud HOBOU
(YHKIIOHAIBHOCTH.
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45, YuyacTue B NWJIOTHBIX BHEAPEHUAX

Bo BpeMs TepBBIX, «IHWIOTHBIX» BHEAPEHHHA CHCTEMBI, KOTJa
nporeaypa eue He OTJIaKeHa A0 (OpMalbHbIX pPEriaMeHTOB,
BO3HHUKAET MHOTO MPOOJIEM U HETPHUBHAIBHBIX TPYTHOCTEH:

v 00y4eHue MOJIb30BATENEN IPU HEXBATKE MM JaKe OTCYTCTBHH
Y4eOHBIX MaTEepHANIOB U HHCTPYKIIHH;

v\ [OMOIIb IIONB30BATENSM B OCBOGHHHM CHCTEMBI (<OKHBas
CIIpaBKay);

v\ ucmpaBiieHHe — OMMOOK,  BO3HHUKIIUX B pE3yJbTare
HEKOPPEKTHBIX JICHCTBHU HCOMBITHBIX IOJIb30BATEICH WM
c0O0€EB B CHUCTEME;

v (bukcalys BCeX Y3KHX MECT, MOMOJHUTEIbHBIX MMOKEIaHUN U
TpeOOBaHUH, OMMOOK M HETOYHOCTEH (madbl JOHECTH M0
pa3paborunkoB u Product Owner-a);

v’ neperpyska u BBIBEpKa JAHHBIX (B ocobeHHOCTH
CIPaBOYHHKOB);

v/ HayalbHas HACTPOMKA CHCTEMBIL.

[MpuBriedeHre aHalUTHKA K WX PEHICHHIO CYIIECTBEHHO
MOMOTaeT, TaKk KaK 3TO YENOBEK, KOTOPBhIA XOPOLIO 3HAKOM HE
TOJIBKO C ITOJIH30BATEISIMU U XapaKTEePOM HX paboThl, HO U C CaMOi
CHUCTEMOM.

4.6. VIP-conpoBo:kaeHue

Ecmu y Bac ects VIP-knmeHTH! (KpyIHBIE 3aKa34dMKH, IIEpPBbIC
BHEJIPEHHS W T.II.), TO K HPOLECCy COTPOBOXICHUS M BHEIPEHHS
MOYTH HEen30eKHO npujeTcs HPUBIEKATh
BBICOKOKBAJIM(UIIUPOBAHHBIA MepcOHAN. Beib y TaKMX KIMEHTOB H
po0JIeMBI HECTaH/AAPTHBIE, U ITOXKETaHUs CIOXKHBIE, a bug-pernopTs
3a49aCTyl0 BBUIMBAIOTCS B HOBBIH IIACT (DYHKIMOHAJIHHOCTH HWIIH
obbeMHbIe J0paboTku — Jia, rpaHb Mexy feature request u bug-om
B MOJJOOHOH CHTYaIlNH ITOYTH YCIOBHA.

W 31mech «omATh Ha TOMOIIs MPUXOAAT OHM»: T€, KTO XOPOIIO
3HaeT W OW3HEC, W CHUCTEeMy M K TOMYy € yMeeT IOHHMATh
MOJIb30BaTeNel M OOBSACHITE pa3paboTINKaM.

5. Cxembl B3aMMO/IeiiCTBUS AaHAJUTHK-KOMAaHAa

B Agile Gomnpiroe BHMMaHWE yaenseTcs KOMaHAHOHW paborte,
caMOOpraHu3aliyd KOMaHabl (YXOX OT MHKpO-MeHekMeHTa). Kak
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OpraHU30BaTh B3aHMOJICHCTBHE AHAJIMTHKA C KOMaHJOH C y4eTOM
BO3JIaraeMbIX Ha Hero ¢yHKiui? OJHO3HAYHOTO OTBETa Ha JTOT
Boripoc  HeT. CyIIecTBYIOT pa3Hble BapHaHTBl, NpPUYEM B
3aBHCHUMOCTH OT OOCTOSTENHCTB 3()()EKTHBHBIMUA OKa3BIBAIOTCS TE
Wi uHBlEe. Hmke pacCMOTpEHBI Te CXEMbl, C KOTOPBIMH
HPUXOAMWIOCH CTAIKUBATHCS HA IMYHOM OIIBITE.

5.1. Product Owner — ananuruk

D710 caMblii MPOCTOH W OYEBHIHBIA ciydail. Product Owner
OTBEYaeT 3a IPOJYKT, 3a COOp W NPHOPHUTE3AlMI0 TpeOOBaHMUI,
SIBISIETCST  CBOEOOpa3HBIM IIPEJCTAaBUTENEM 3aKa3uydKa, HO Ha
CTOPOHE MCIOJIHUTENS, OTBEYAeT WM IIOMOTaeT OTBETUTh HA yTOU-
HstoIMe Bompockl. Bcé 310 TecHOo mepemneraercs ¢ (QyHKIUSIMU
aHAJIMTHKA, 00CYKIaeMbIMHU BBILLIE.

Tak 94TO MOXXHO peIIuTh, YTO (PYHKIMN aHAIUTHKA HCIIOJIHSIET
Product Owner. Wmm, ecam yrogHo, HA00OPOT — aHAIUTHK
HcHoNHACT poiik Product Owner-a.

Cpenu IIIOCOB TaKOM CXEMBI: POCTOTa, MUHUMAJIUCTUIHOCTD,
OTHOCHTENFHOE yJ00CTBO M JUIS 3aKa3dyWKa, U IS pa3padOTIMKOB
— W T€ U ApYTHe BCEr/a 3HAa0T K KOMY HMEHHO HY>KHO 0OpaTHThCS
CO CBOMMH BOITPOCAMH.

Henocrarkn:

v/ Tlomy4yaercs, 4YTO CJMIIKOM MHOTOE 3aBHCHT OT OJHOIO
4yeoBeka — OOJbIasi Harpy3ka M CBSI3aHHBIE C 3TUM PHCKH
«OYTBUIOYHOTO TOPJIBIIIKAY.

v’ DKCTpeMalbHas HE3aMEHHUMOCTh — a €CIIM B OTITYCKE, & €CIIH
3abonen (mait bor emy 3m0poBes!).

v' CuTyauus Ha pPBIHKE TPyJa TaKOBa, 4TO M AHAIMTHKA HE
mpocto Haitu, u Product Owner-a Toxe. A U TO, H Ipyroe B
OJTHOM JIMLIE — Ha TIOPSAKH CIIOXKHEE.

v' Bpsia1 i [OJTy4UTCs TIOTHO TIpUBJeds Takoro Product Owner-
a K CONpPOBOXACHUIO CHCTEMBI WJIH aKTHBHOMY Yy4acTHIO B
MTUIOTHBIX BHEJIPEHUSAX.

v" Ecrtb BeposiTHOCTB, uTo Product Owner Gymer OTKIanbIBaTh
peleHne Kakux-TO 3afad He IOTOMY, YTO y HHUX HHU3KHI
MIPHOPUTET, a TIOTOMY, YTO OH IIOKa €IIe He yCIIeN KaK CIeayeT
npopaboTaTh TOCTaHOBKY. T.e. yOuBaeTcs Bcs —uaes
IIPUOpHTE3alMK padOT Ha OCHOBAHWM NMOTpeOHOCTEH On3Heca,
a HE NCXOJISl BHYTPEHHHX WJIM TEXHMUYECKUX 0OCTOSTEIBCTB.
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5.2.

AHAJIITHK — MOMOIITHAK
Product Owner-a

BonbIIMHCTBO HENOCTATKOB CXEMbI 5.1 MOXHO NpPEOAONETH,

€CIT TIOJeNUTh 00s3aHHOCTH Product Owner-a n aHaNUTHKA MEXKITY
OBYMS JTIIONBMH (M 3TO HE UYXKAO Halled KylIbType — CM. pHC. 3).
DTO JOCTaTOYHO pacrpocTpaHeHHas NpakThka. Kak mpasuio, npu
9TOM TIJIABHBII pemaer, 4YTo B Kakyl odepenb Jenarb, H
JOTIOTHUTENBHO BBHITIONHACT MEHEKepCKre (QYHKIUH  (W/Fmn
OTBEYaeT 3a KIMEHTCKUE OTHOLICHHWS). A IIOMOIIHHMK OoJblie
KOHLIEHTPHUPYETCSI Ha COJEPXKaHWUHM M JETalsIX padoT, T.e. Urpaer
POJIb aHAIHUTHKA.

Puc. 3. «/IByr.aasblit» Product Owner

Ha xougepenmun QCon 2008 London B moknmame «Agile

Mashups» Peituen asuc (Rachel Davies), cceurasce Ha CcBOIO
OOIIMPHYIO TPAKTUKY KOHCYJBTAHTA, YTBEPKAANA, YTO ITO camast
pacripocTpaHeHHas CXeMa.

v

v

OpnHako, 1 y Hee BCE JKe MPUCYTCTBYIOT HEAOCTATKH:
JleATenbHOCTh aHANUTUKA HEJAOCTATOYHO IIpO3padHa Uit
KOMaH/IbI, IIOCKOJIBKY aHAJINTHK B HEE HE BXOJMT.

Benmnka BeposATHOCTh, YTO KOMaHIa OyIeT BOCIPHHHUMAThH
aHanuTHKa, Kak Product Owner-a (Miam Jake pyKOBOJUTEJS),
T.€. BUJIETh B HEM HE MOMOIIHUKA M JKCIEPTa, & HAYaIbHUKA,
YTO TMOYTH HaBepHSIKa YOBET KPUTHYHOCTH BOCIIPHUSATHUS
MPEUI0KEHUH U MOJeNel, MpeAnaraéMpIX aHaAIUTUKOM — HX
OyIyT BOCHpHMHMMATh HE Kak HaydaJbHOE IpPUOIKEHUE W
JOTIOJTHUTENbHYIO MH(pOPMAINio, a KaK MHCTPYKIIUH K JEHCT-
BHIO.

OnsTh ke, HE TaK-TO MPOCTO MPUBJIEYh TAKOTO aHAIUTHKA K
COIIPOBOXKICHHIO.
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5.3. AHATUTHK BHYTPH KOMaH/bI

MOXHO TOHTH eIlie Jajbllic ¥ MOMECTUTh aHAIUTUKA BHYTPb
KOMaHZbl. YTO 3TO 3HAYUT:

v AHAIWTHK CUIUT BMECTE CO BCEMH, T.€. B OJIHOM KOMHATE C
pa3paboTunKamMu;

v/ QHAIWTMK y4YaCTBYeT B  SCrUM-MUTUHTax HapaBHE C
OCTaTBHBIMH (paccKa3blBaeT, 4YTO Jelal BYepa ©  HTO
coOupaeTcs AenaTh CeroIHs,);

v/ paboTa aHANMTHKA YYUTHIBAETCS TPU  IUIAHUPOBAHUH
UTEpaIlHH;

v\ aHAJIHTHK MOXKET «IEIUTLCS» CBOE paboToii ¢ apyrumu (mo
001IIeMy COTJIACHIO);

v B HaoOOpOT, aHAIMTHK  MOXET  MPUBIEKATHCA K
HEXapaKTEePHBIM s ce0s1 paboTaM, 4TOOBI MOMOYb OCTAJIBHOM
KOMaHJIe B HETMPOCTYI0O MUHYTYy — HalpuMep, HOATOTOBUTH
TECTOBBIC JaHHBIC, IIPOTHATH YaCTh PYYHBIX TECTOB.
3Byunt 3mopoBo. U paboraer 3mopoBo! OmHako OBIBAIOT

00CTOSATENBCTRA, MIPU KOTOPHIX TaHHAS CXeMa HE MOIXOIUT:

v\ OIHOM TNpeaAMETHOM O007acThi0 (WM CHJIBHO IOXOKHMH)
3aHMMAETCS HECKONBKO KOMaHI pa3pabOTYMKOB, TaK dTO
JepKaTh MO AHAIUTHKY B KaKIOH KOMaHIEC HET 0co0Ooro
CMBICIIa;

v peanuszanys GONBIIMX WM TEXHHYECKH CIIOKHBIX MPOEKTOB B
merononorun Scrum-of-Scrum;

v B NPOEKTE TaK MHOIO TEXHHYECKMX W TEXHOJIOTHYECKHX
TOHKOCTEH ¥ CIIO)KHOCTEH, YTO KOMaHJa B OCHOBHOM
CKOHIICHTPUPOBaHA HAa HHX, a AHAINTHK B TaKOH KOMaHJE
OKa3bIBACTCS HHOPOTHBIM TEJIOM;

v/ HexBaTKa KBaJIU(UIUPOBAHHBIX AHAJTUTUKOB.

5.4. BHemrnui oraes aHAJIUTHKOB

D10 TO, YTO OOJNBIIE XapakTepHO IS BOJOMAIHBIX U
TSHKETTOBECHBIX METOAOJIOTHH, HO MOXeT pabortats m B Agile —
HampuMep, B 00CTOATEIbCTBAX, OMUCAHHBIX B MMPEIBIAYIIEM TyHKTE.

W3 nOmMOTHUTENBHBIX IUTIOCOB: TPOCTOTAa M €CTECTBEHHOCTH
obOMeHa wuH(popMmanueil, HaBbIKAMH M  TPAKTHKAMH  MEXIY
aHaINTHKAMHU.

OCHOBHOI HENOCTAaTOK: 3KCTPEMAJBHO BBICOKAsl OTAAJIEHHOCTh
OT KOMaHJ(bl Pa3pabOTYMKOB, YTO MOXET NPHBECTH K B3aUMHOMY
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HEJOBCPHUILO. KpOMe TOT'0, BBIPACTACT BCPOATHOCTb OTKaTa K
MPE)KHUM MPAKTUKAM U IIPCIKHUM l'IpO6J'ICMaM.

6. CmexHbIe BONPOCHI

B mocnenneld wactu AoKiana KpaTKO paccMaTpUBAIOTCS TaKHe
CMEKHBIE BOIPOCHI KaK:

e UYro Takoe Agile-cneundukanuun? B kakoMm Bume ciemyer
(opMynrpoBaTh U 0OPOPMIISTH 3a8]1a4l Ha UTEPALUIO?

e BHyTpeHHss NPOEKTHAasi NOKYMEHTALUs: Kak U B 4EM BECTH,
KaKoi MHCTPYMEHTapHUil NCTIOIb30BATh?

e Uro Ttakoe Domain Driven Design? W mouemy Momenu
npeAMeTHOW obOnacti cHoBa B Mone? Kak 3TO cBsi3aHO C
nonyJspHocThio Agile?

e Kak BpIpamyBaTh aHATUTUKOB BHYTPU KOMIaHHH?

7. 3akiaioyeHue

[oxaiyiicta, He peBparaiite Agile B o4epeTHON Kapro-KyibT
[8]! TlprTaliTech OCO3HATH OCHOBHBIE HJIEM W CJEIOBaTh UM —
MOMBITKH KCIOJIb30BaTh MaTepuajbl Mo Agile-MeToI0IOTHAM, Kak
HCYEPIBIBAIONINE UHCTPYKIIUU UM JJOTMAThI, MPUBEAYT Bac K 4eMy
YTOJHO, KpOME€ TOTO, YTO HM3HAYAIbHO BKJIQJBIBAJIOCH B TOHATHE
Agile.

OnucaHHble BapUAHTHI, CIIOCOOBI B3aUMOJIEHCTBUS M TOIAXOIbI
K mpobnemam OM3HeC-aHAIHM3a He SIBJISIOTCS HCUEPIIBIBAIOIIUMY WIIH
CTPOTO 00s3aTEeIPHBIMH — B BalleM KOHKPETHOM CiIydae IpyTHe
MIPUEMBI MOTYT OKa3aThCsl OoJiee IPPEKTHBHBIMU U OTIPaBIaHHBIMU.
Bruto OB O4YeHb HWHTEpPECHO Y3HaTh 00 anbTepHATHBAX — HE
3aMaT4YnBanTe ux!
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Abstract

Performance modeling and simulation offer powerful approaches to predict
performance characteristics of software applications and in particular web
applications. At the same time the usage of modeling techniques in real projects is
still limited due to comprehensive structure of applications and impossibility to
know internal structure of application’s components needed to create a precise
model. In our work we build and evaluate the high level abstraction models of
Content Management System “Joomla” to estimate their ability to provide reliable
predictions for different performance characteristics. To build the models we
consider three formalisms: Layered Queuing Networks, Performance Evaluation
Process Algebra and Queuing Petri Nets. Predictions obtained from models
simulation have been compared with measurements of the real system by HP Load
Runner toolkit. Results show that overall throughput of the system can be
predicted with high level of accuracy while prediction of response time by the
same models is less reliable.

Keywords: Software performance simulation, performance modeling, web based
systems

1. Introduction

Performance simulation of client-server systems has been a topic of interest
for software engineering for a long time. A lot of formalisms and supporting
methods have been developed to describe this kind of systems and obtain
performance characteristics from related models. Most important of them are:
Queuing Networks, Stochastic Process Algebras and Stochastic Petri Nets. All of
these techniques have been applied to client-server applications and in particular to
web applications, that showed their powerful ability to predict system behavior
from the performance point of view. However the software modeling still has not
become a daily practice in product life-cycle due to the complexity of model
creation. It is caused by comprehensive structure of real-life applications and
“black-box” nature of the application’s components. To investigate model ability
to predict system properties without detail information on internal structure we
selected three different modern performance description formalisms to describe
Content Management System “Joomla” [13]. During our study we built three
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different performance models of this system deployed in several configurations of
distributed environment. These models have been calibrated and analyzed to
obtain performance predictions, which have been compared with experimental
results received by HP Load Runner package [7].

2. Related Work

Black box performance modeling approaches are most promising ones for
analysis of real-life computer systems. Successful applications of such approaches
for performance modeling of self-tuning controllers for web servers, storage
systems and parallel applications are shown in [3, 8, 10]. These papers are focused
on the techniques to understand parameter space of black-box system. On the other
hand we consider simple performance models with high level of abstraction and
estimate their capabilities to predict performance characteristic of real-life web
application.

3. Problem Statement

The goal of our study is to analyze formalisms which allow estimating
performance characteristics for the system with unknown internal structure. In
particular we are interested in the following questions:

e How to map different system architecture entities to the model elements (build
the models)?

e What is the method to calibrate the models?

¢ Are models capable to make reliable predictions for throughput characteristic?

e What kind of predictions can be obtained from the models for response time
characteristic?

Our investigations of these issues are based on analysis of the experimental
test system which has been modeled with help of selected formalisms.

4. Performance Modeling Formalisms

For our study we chose three formalisms by one from every group of
modeling approaches: Queuing Networks (QN), Stochastic Process Algebras
(SPA) and Stochastic Petri Nets (SPN). During this selection we were considering
the following criteria:

o actuality: approach should be widely used for different performance
investigations and being actively supported/developed;

« availability of tools: approach should be supported by easy-to-work tools.

Finally we decided to select Layered Queuing Networks (LQN) and LQNSolver

tool [14] from QN. From SPA we chose Performance Evaluation Process Algebra

(PEPA) and PEPA Workbench [15]. Also we opt for Queuing Petri Nets (QPN)

and QPN Modeling Environment (QPME) [17] from SPN.
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4.1 Layered Queuing Networks

Layered Queuing Networks (LQN) model [4, 5] is a canonical form for
extended queuing networks with a layered structure. The layered structure arises
from servers at one level sending requests to servers at lower levels as a
consequence of request from a higher level. LQN is applied to any extended
queuing network with multiple resource possession, in which multiple resources
are held in a nested fashion. Resources are released in the reverse order of their
acquisition and the resource order is consistent across the system. So, higher layer
resources are acquired earlier and released later than in lower layers.

Browser
0.1 /
Q0
)

P

Figure 1. Example of LQN Model

Figure 1 illustrates the LQN notation with an example of a web server that has
a connection to database and serves both static and dynamic pages. In LQN
software resources are called tasks. The tasks have queues and provide classes of
service which are called entries. In Figure 1 tasks are shown as parallelograms,
containing nested parallelograms to describe entries. Processor resources are
shown as circles attached to tasks which are using them. Stacked icons represent
tasks or processors with multiplicity forming a multiserver. The multiserver may
represent either a multi-threaded task, or a collection of identical users, or a
symmetric multiprocessor with a common scheduler. Multiplicity is shown on the
diagram with a label in brackets. For example, there are 20 copies of the task
WebServer on Figure 1.
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Entries have directed arcs to other entries at lower layers to represent service
requests (requests may go directly through the layers). A request from one entry to
another may return a reply to the original entry (a synchronous request) indicated
on Figure 1 by solid arrows with closed arrowheads. For example, task AppServer
send a request to task Database which then issue a request to task FileServer.
While task FileServer is serving the request, tasks Database and AppServer are
blocked. Alternatively a request may be forwarded to another entry for later reply,
or may return no reply (an asynchronous request).

4.2 Performance Evaluation Process Algebra

In Performance Evaluation Process Algebra (PEPA) [6], system is considered
as a set of components which carries out activities either individually or in
cooperation with other components. Each activity is characterized by an action
type a and a duration r which is exponentially distributed. This is written as a pair
(a, 1). Duration may be any positive real number or it may be unspecified. Activity
is called shared if several components synchronize over it. The distinguished
symbol T is used to indicate that the rate is not specified by the component. Such
component is said to be passive with respect to this action type. The rate of the
shared activity is defined by cooperation with another component.

PEPA provides a set of combinators which allow building expressions to
define behavior of components via activities. These combinators are presented
below:

o Prefix (a, r).P: Prefix is the basic mechanism by which behavior of components
is constructed. This combinator implies that after the component has made
activity (a, r) it behaves as component P;

« Choice P1+P2: This combinator represents a competition between components.
The system may behave either as component P1 or as P2. The probability to
choose one of these components is defined by the rate of their first activity;

« Cooperation P1<L>P2: This describes the synchronization of components P1
and P2 over the activities in the cooperation set L. The components may proceed
independently with activities whose types do not belong to this set. In
cooperation, the rate of a shared activity is defined as the rate of the slowest
component;

« Hiding P/L: This component behaves like P except that any activities of types
within the set L are hidden, i.e. such an activity exhibits the unknown type t and
the activity can be presented as an internal delay by the component. Such activity
cannot be carried out in cooperation with any other component.

« Constant A def = P: Constants are components whose meaning is given by a
defining statement: A def = P gives the constant A the behavior of the
component P. This is how we assign names to components.
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4.3 Queuing Petri Net

The main idea behind the Queuing Petri Net (QPN) modeling paradigm [1] is
to add queuing and timing aspects to places of modeling formalism Colored
Generalized Stochastic Petri Net (CGSPN) (subset of SPN) to provide means for
direct representation of queuing disciplines. A place of CGSPN with an integrated
queue is called a queuing place and consists of two components: the queue and a
depository. This is depicted on Figure 2.

The behavior of the net is the following: tokens fired into a queuing place by
any of its input transitions, are inserted into the queue according to the queue’s
scheduling strategy. After completion of its service, a token is immediately moved
to the depository, where it becomes available for output transitions of the place.
This type of queuing place is called timed queuing place. Also QPN introduces
immediate queuing places (ordinary places) which allow pure scheduling aspects
to be described. Tokens in ordinary places can be viewed as being served
immediately. Scheduling in such places has higher priority than both
scheduling/service in timed queuing places and firing of timed transitions. The rest
of the net behaves like a normal CGSPN.

As it is shown in [2, 9] QPN has greater expressive modeling power than QN,
extended QN and SPN. This formalism provides possibilities to model
simultaneous resource possession, blocking synchronization and scheduling
strategies.

Figure 2. Structure of Queuing Place
5. Architecture of the Test System

The following criteria have been considered during hardware and software
selection for this study:
« hardware is to be widely available, represent different classes of systems and
provide enough power to run appropriate applications;
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« software should be a common and popular web application with comprehensive
internal structure, which hardly can be modeled in details.

For our test system we have chosen Content Managing System Joomla [13]
deployed in the distributed environment with load balancer which is topologically
placed in front of two web servers. [Figure 3]. Joomla is popular and convenient
CMS used for many web sites. Being based on PHP and MySql it can be easily
installed and configured in most of the environments.

Selected hardware and installed software are introduced in Table 1. All these
hardware has been connected through 100Mbit Ethernet.

Table 1. Hardware/Software for Test System

Title Hardware Software
Apache Web Server
Web v2.2 [12] with
Load 2.16Ghz enabled modules
Core2Duo
Balance mod_proxy and
PC
r mod_proxy_balance
r
Web 3.5Ghz Apache Web Server
Server Celeron v2.2 with enabled
1 PC module
mod_fast_cgi,
web || 2.26hz | PHP v5.2.6 [16]
Server || Core2Duo compiled with
2e ¢ PC fast_cgi support;
CMS Joomla,
v1.5.3
DB 2.2 Ghz
Core2Duo MySQL v 5.1
Server PC
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Virf

Virtual users

T
5 Load Balancer Web Server 2
Web Server 1 . /

DB Serv;er 1
Figure 3. Test System Infrastructure

Three different configurations have been analyzed in our study:
« Configuration 1: all client requests are processed by WebServer 1
« Configuration 2: all client requests are processed by Web Server 2
o Configuration 3: all client requests are sent to Web Load Balancer, which
forwards them to Web Server 1 and Web Server 2.

To verify model predictions we have measured throughput and response time
characteristics of the system in all these configurations by HP Load Runner [7].
This tool is widely used for load-testing of web applications.

6. Models of the System

To define the performance models for our system we separated the following
entities, which have been later mapped to the appropriate model elements:

« Clients: independent tasks which send incoming requests to the Load Balancer.
We used so-called closed workload where client can send a next request only
when server has completed the previous one.

« Load Balancer: server which forwards requests to one of the Web Servers. The
time for forwarding is negligible.

o WebServer 1 and WebServer 2: servers which run the Joomla installation and
perform main part of request processing. Times to process single request by
these servers are Tys; and Tws, respectively. For convenience in our models we
use inverse values called service rates: Rateys;=Tws; - and Ratews;= Twsy

« Database: server which runs MySql installation. Service rate for this server is
Ratepg.

The rates have been defined through a normalization procedure described later. In

the next sections we’ll show how these entities are mapped to model elements.
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6.1 LQN Model

In LQN model every entity derived above from the system architecture is
mapped directly to a task element. Since tasks are running on processors and
contain entries we have to define two more kinds of elements to complete the
model. Graphical notation of the resulting model is shown on Figure 3. Every task
is mapped to processor (circle) and contains entry which consumes processor time.
Web Server 2 is shown with two tasks to reflect its Core2Duo CPU.

Time demands for WebServer 1, WebServer 2 and Database entries are
defined as Ratews;”, Ratews,”, Ratepg™ respectively. The demands for Clients and
Load Balancer entries are negligible.

6.2 PEPA Model

In case of PEPA model system entities are mapped to components. Every
component runs infinitely and cooperates with other ones through synchronizing
actions. Also in PEPA model there is no need to implement Load Balancer directly
— in can be realized implicitly through choice cooperator of the client component.
Full PEPA model is listed below.

/I Rate for intermediate actions

r=10000;

/I Ratio of the requests to the WS_2.

d=0.7;

/I CLIENT _0 — client, also reflects the presence of Load balancer
CLIENT_0=(move,r).CLIENT_0_0;

CLIENT_0_0 =(move_2_0,d*r).CLIENT_O0+
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(move_1 3,(1-d)*r).CLIENT _0;
[/l Core2Duo Web Server 2 with two cores
WS_2 0=(move_2 _0,T).WS_2 0 0;
WS_2 0 0=(move_1 1,r)WS_2 0
+(move_1 2,r).WS 2 0;
T 1= (move_ 1 1,T).(comp_1, Ratewsy).
(move_db, T).T_1;
T 2= (move_1_2,T).(comp_2, Rateysy).
(move_db, T).T_2;
/I Web Server 1
WS_1=(move_1 3, T).(comp_3, Rateys;).
(move_db, T).WS_1,
/I Database
DB_0=(move_db, Ratepg).DB_0
CLIENT_0[40]<move_2_0,move_1_3> ((WS_2_0 <move_1_1, move_1 2> (T_1
<>T_2))<>WS_1) <move_db>DB_0
6.3 QPN Model

Elements of QPN formalism provide an easy way to represent architecture

entities [9]:

o Web Server 1, Web Server 2, DB Server are mapped to queuing places with
Processor-Sharing (PS) scheduling strategy. The service rates of places
correspond to time demands of servers;

« Clients are mapped to queuing place with Infinite Server (IS) scheduling strategy
which is used to represent clients sending requests to the system. The service
time of this place corresponds to the average load,;

« Thread pools of Web Servers are mapped to an ordinary place.

O Ordinary place

@ Queuing place
Immediate
transition

t5
Figure 4. QPN Model of Test System

Two types of tokens (token colors) are used in the model for distinguishing
requests between web servers: x and y. In QPN model Load Balancer was not
implemented directly as it was done in PEPA. This implementation was realized
implicitly through choice of immediate transition from a client request.
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7. Models Calibration

Before starting models analysis we need to define Rateys;, Ratews, and Ratepg
parameters in our models, i.e. calibrate our models. To accomplish it we
performed a measurement of the transaction response time of the Web Server 2
with only one virtual user. Received response time of overall CPU load was about
0.6 second with average 35% percentage. Taken into account that this server has
two cores and both of them equally participate in handling requests (due to used
module mod_fast_cgi which starts several instances of PHP) the time to handle the
request by one core is 0.6*0.35*2=0.42 sec. This is Web Server CPU depended
part of the request processing and the estimation of the service rate of another CPU
can be received by normalizing of this time to CPU frequency. For Web Server 1
we received: 0.42/3.5*%2.2 = 0.264 sec. Among the Web Server CPU depended part
of the request processing there is another part, which takes 0.6-0.42=0.18 sec. and
it’s treated as Database processing time. The rates of the models are defined as
follows:

o Rateys;: 0.42™ =2.38 sec-1
o Rateys,: 0.26™ =3.78 sec-1
« Ratepg: 0.18 =5.55 sec-1.
These values have been used in model analysis.

8. Models Analysis

During model analysis we made performance predictions of the system
behavior under different external workload by varying number of clients
simultaneously sending requests to the system from 1 to 40. Every model has been
analyzed with its corresponding technique.

For LQN model we used spex utility, which is included in LQNS package.
This tool reads parameterized LQN model, replaces parameter names with
parameter values and then solves the model using Igns solver. Spex gathers
measures of interest and creates text report with obtained data.

During analysis of PEPA model we used experimentation feature built-in in
the PEPA Workbench. It provides the same functionality for PEPA models as spex
for LQN models. Also has graphical user interface and is able to build graphs from
gathered data.
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Figure 5. Metrics for Configuration 3

Analysis of QPN model has been done by SimQPN simulator of QPME
package executed as a
standalone Java application. QPME doesn’t have any possibilities to simulate
parameterized QPN models. That’s why we developed a Perl script to simulate
different workload by replacing parameters of QPN model in a loop and extract
essential data from SimQPN output for further analysis.

Simulation results and experimental data for infrastructure 3 with Load
Balancer are presented on Figure 5 and relative errors for all analyzed
configurations are shown on Figure 6. It can be seen that our models are able to
predict throughput (transaction per second) of the system with higher precision
with errors less then 10%. While the predictions for response time are less precise
and their errors are below 30%. The most possible reason of these errors is an
influence of an unrevealed internal system structure. So it would be promising to
analyze the effect of hidden queue buffers and request handle threads to model
predictions.

It has been revealed that the fastest utility for model simulation is Igns. From

another point of view QPME tool and PEPA Workbench provide convenient GUI
editors for model creation.
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Figure 6. Relative Errors
9. Conclusion and Future Work

During this study we have created performance models of the content
management system “Joomla” using three different software performance
description formalisms. Models have been calibrated using measurements of the
test system with single-user workload. The comparison of the model simulation
results with experimental data obtained by HP Load Runner has shown that all of
the applied techniques are able to predict system behavior without detailed
knowledge about the internal system structure. Difference from model predictions
and experimental results lay in the acceptable area: for throughput it’s less then
10%, for response time — less then 30%. Such results make possible to use model
predictions during early performance analysis of infrastructure for distributed
business applications.

The investigation of errors caused by hidden structure of system components
and methods to estimate them is the subject for further work.
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Introduction to Continuous Integration or Stone
Soup

Andrey Satarin
Customized InformSystems
WWW.custis.ru
email: asatarin@custis.ru

Abstract

Continuous integration in software development process
promises many advantages: fast defect discover, integration
problems remove, fewer numbers of defects [1,2]. With more
detailed consideration its turned out that this practice depends on
others, such as unit testing, coding standard etc. Many of expected
advantages are not realized without using such additional practices.
Paradox situation occurs, where its unknown does continuous
integration have independent value or all value comes from
“foreign” methods. Isn’t where any fraud, when on the pretext of
continuous integration adoption one tries to use other engineering
practices advantages? Perhaps, continuous integration is “‘stone
soup”, all ingredients are well-knows, but now served together with
another title. In this article we try to show that this is not true, and
continuous integration has its own value. This value considerably
lower than synergetic effect from several practices, but adoption and
use costs are much lower too. Adoption of “bare” continuous
integration could also be the first step to many others effective
development technologies.

Keywords: continuous integration; quality, agile development.
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BBeenue B HenmpepbIBHYI0 HHTETPALMIO HJIU KAl
U3 TOmopa

Amnppeii Catapun
3aka3zubie UndgopmCucreMsl
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email: asatarin@custis.ru

AHHOTAIHUSA

Hcnonp30BaHWe  HEMPEPHIBHONH  HMHTETpallid B IpoLiecce
pa3paboTKu  TporpaMMHOro  obecredeHuss oOemaer  MHOTO
MIPEeUMyYIIeCTB: OBICTpOE OOHapy)XeHHEe OIIMOOK, yCTpaHEHHE
mpobJieM WHTErpaIuu, MeHbIee unucio aedektos [1,2]. IIpu Gonee
NOAPOOHOM PAaCCMOTPEHHUH, OKa3bIBACTCsl, YTO 3Ta MPAKTUKA CHIEHO
3aBHCHT OT APYTHX, TAKHX KaK MOAYJIbHOE TECTUPOBAHUE, CTAHIAPT
KOOUPOBAaHMA M T.J. MHOXKECTBO OXXHIAEMbIX NPEHMYILECTB HE
peanusyroTcsi 6e3 UCIONB30BAaHMS ITHX JONOJTHUTEIBHBIX HPAKTHK.
CxnazpiBaeTcs HapaJoKcallbHas CUTYyalHs, KOTAa HE SICHO, UMeeT
JM HeNpepblBHAs WHTETpalys HE3aBHCUMYK LEHHOCTH WIJIM BCS
[[CHHOCTh OOYCIIOBJICHA TOJBKO «CTOPOHHHME» MeToiukamu. Her
1M 371ech 0OMaHa, KOrja MoJ MPeJoroM BHEIPEHUS HEMpPEphIBHOIM
HUHTETpAllMU TBITAIOTCA HMCIOJIB30BATH MNPEUMYHICCTBA JPYTHUX
WH)XEHEPHBIX TPakTHK? Bo3MOXXHO, HempephlBHas HWHTErPaIys
MpencTaBisieT CoOOM «Kanry W3 TOMopa» , BCE WHIPEIUCHTHI
KOTOPO# JTaBHO W3BECTHBI, HO TEIepb MOAAHbl BMECTE MO APYTHM
Ha3BaHHMEM. B aHHOI cTaThe MbI MbITAEMCS MOKa3aTh, YTO 3TO HE
TaK, W HEIpepbIBHAs HHTETpalMsi HMEET CBOK LEHHOCTh. JTa
LEHHOCTh CYLIECTBEHHO HIDKE, YeM CHHEPreTHYecKuil 3pdexT ot
HECKOJBKUX  NPakTUK, HO W  3aTpaThl Ha  BHEIpCHUE
Y UCIIOJIb30BaHKUE CYLIECTBEHHO HIKe. K ToMy e, BHeApeHHE
«T0JION» HENPEPBIBHOM HHTETPalMM MOXET CIy’)KUTb WU IIEPBBIM
1aroM K MHOTHM JAPYT'HM TEXHOJOTHSIM 3 (EKTHBHOM pa3paboTKH.

KiiioueBble ¢JI0Ba: HENpEpBhIBHAS WHTETpaIysl; KauyecTBO, THOKas
paspaborTka.
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1. Bseaenue

Hempepsiras unrterpauust (continuous integration, mamee HU)
NepBOHAYallbHO ~ ObUTa  cO3JaHa Kak oJHa M3  IPaKTHK
9KCTPEMAIBHOTO ~ IPOTPaMMHUPOBAHUs. MOMEHTOM  CO3IaHHS
cunraerca npudmmsuTensHo 2000 r., Korna OblIa HaNKCaHa IepBas
Bepcusi cratei Maptuna @aymepa [1]. C Toro BpemMeHH OHa
pasBHBaNach M HW3MEHSUIOCH NOHHMAaHHE TOrO, Kak OHa JOJDKHA
B3aMMO/ICHCTBOBATH C IPYTUMHU MPAKTUKAMH THOKOH pa3pabOTKH.
O6pasom coBpemenHoro noHnManus HI1 MoHO cunTaTh HElaBHO
Beimeanryro kHury Iloma [lroBams [2]. B atom mocratodHO
OOJIBILIOM | NOAPOOHOM TPYZAE BBIACNSAETCS HECKOJBKO COCTaBHBIX
yacteil HU:

e HMU 0a3 gaHHBIX;
HETpephIBHOE TECTUPOBAHUE;
HETPEPHIBHYIO HHCIIEKIINIO KOJIa;
HETIPEPHIBHOE PAa3BEPTHIBAHMHE;

e  HempepbIBHASA 00paTHas CBSI3b.
Bce 31Ti yacTn moapoOHO OmMHMCaHbl M OKa3aHO KaK OHU BIMSIOT Ha
npouecc pa3padoTku. B Takom nonmmannu npaktukun HU MoxxHO
yKa3aTh OJUH HEIOCTATOK — OHA HE SIBISETCS CaMOCTOSITEILHOM
1 OCHOBHASl YacTh BBITOJl MOJYYaeMBIX OT HEe MPOUCXOAUT HE W3
Hee caMoil. BrIrogpl MOSABISAIOTCA OT yJauHOTO KOMOMHHPOBAHHSA
JAHHOM  TPaKkTHUKH  C APYTMMH, TaKUMH Kak:  MOIYJIBbHOE
TECTUPOBAaHHE, AaBTOMAaTHYECKOE IPHEMOYHOE TECTHPOBAHUE,
aBTOMAaTH3MPOBAaHHBIE MHCHEKIMU Koja (puc. 1). C ogHON CTOPOHEI
XOpOIIO, KOTJa MHOTO pPAa3HOOOpPA3HBIX INPaKTHK BMECTE aroT
CHUHEpreTHUecKni 3¢ ¢eKT, HO C APYro CTOPOHBI, 3TO ITOJAHUMAET
BXO/JIHOH TIOPOT HCIIONB30BAaHUA 3TOH TexHonmormu. T.e. s
ucrionb3oBanuss HIM  HyXHO yXe HWMETh MOJIYJIbHBIC TECTHI,
CTaHJapT KOAUPOBAHMS U CUCTEMY €0 aBTOMAaTHUYECKOH MPOBEPKU
U T.J. OTa CUTyalus CXOXa C OINMCAaHHON B pycCKOH HapoJgHOI
ckazke «Kamra uz Tomopay [3]. [TocTynupyercst orpoMHast ojib3a OT
BHeApeHHs H ucrons3oBanusd HUM B mpoekrtax paspabotku 10, HO
HE YTOYHSETCS, YTO OOJBIIAs 4aCTh ITOH ITOJIB3BI IPOUCXOANT HE W3
caMOil TpakTUKW, a U3 €€ YJAa4HOH KOMOWHAIMU C JPYTHMH
CWIIBHBIMH MeTonukamu. Ha camom [feme, ONMHCAaHHBIE BBIIIE
YCIIOBHSI HE SIBIAIOTCS HEOOXOMUMBIMH Ui Wcmonb3oBanHus HU,
MOXKHO TIOJIyYHTh BBITOAY OT caMocTosATenbHOro BHeapenust HU,
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C MUHIMQJIBHBIM [PUBJICYCHHEM CTOPOHHHX aKTHUBHOCTEH. B
NAaHHOW cTaThe OOCYKHAeTCS HWMEHHO TaKOW «yIPOLICHHBIN»
croco0.

2. 3adeM 3TO HYKHO?

Mosker 1noka3aTbCsi 4TO «ype3aHHbIl» Bapuant HI, He
COOTBETCTBYIOIINH IOCIEAHUM JOCTHKEHHSM B JJaHHOW 00JacTH,
Oecrosie3eH M TOJNBKO OyIeT OTHMMAaTh BpeMsl Ha BHEIApPEHHE U
noanepkky. Ho 3To He Tak, ecTh Kpyr mpobiem, KOTOPBIX MOXKHO
npocto u 3¢ ¢GeKTUBHO pemuTs npu nomomu HU, He oTsAromenHon
JpyruMu npakTukamu. Takxe BHegpeHue HU, oTnensHO oT apyrux
MIPAaKTHK, MOXET OBITh NPHEMJIEMO JUIS OpTaHM3aIlMi, Ipolecc
pa3paboTKu KOTOpBIX danek oT rubkux (agile) meromomoruit miu
JJIsL opraHmauHﬁ, KOTOPbI€ TOJIBKO BCTAalOT Ha OTOT MYThb.
Hpo6neM1>1, KOTOPbIC Ha HaIlll B3IJIAA, MOKHO PCIIUTH BHECAPECHUEM
«ronoi» HU, onucansl B cienyroiieM pasaere.

2.1. Mpobaembl

B menom 3tH mpoOieMbl MOXHO pas[eNHuTh HA J(Ba BHAA, TE, C
KOTOPBIMH CTaJIKMBAIOTCS TECTUPOBIUIMKM H T€, C KOTOPBIMHU
CTAJKUBAIOTCA pa3paborunku. s Opyrux y4acTHHKOB Ipolecca
paspabotku npaxktuka HY Takxe siBiseTcs moje3HOH, HO 3TO HE TaK
SIBHO BBIPAXEHO.

JIroboe TecTHpoBaHHE HAYMHAETCS C MOJYYEHHS M pa3BepThIBAHUS
omuoi u3 Bepcuit I10. TecTupoBmMKH, Kak NPaBWIIO, HE MOTYT
co0paTe MPOEKT CaMOCTOSATENFHO, JUIA 3TOTO Yy HUX HET 3HAHWH,
nHCTpyMeHTaIbHBIX cpeactB (IDE), ma wmpocrto mHaBbikoB. Ho
mo00e  TeCTUPOBAHWE  HAYMHAETCS  C MOJMY4YEHUs  TOTOBOM
K UCTIONIb30BaHMI0 OnHapHO# coopku 1O u ero pa3sepToiBaHus Ha
TecToBOM cTeHze. [ pa3paboTdmkoB, HA00OPOT, COOpaTh MPOEKT
HE COCTaBISIET TPYAA, 3Ty OMNEPALMI0O OHM MPOAEIBIBAIOT 4acTo U
MHoro. Kaxercs, sto uectp pemenue npobOiemsl. Her. Ilpm
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nepesiaue BEPCHU OT pa3pabOTUMKOB MOTYT BO3HUKHYTb COMHEHHS
B IIEJIOCTHOCTH TIEpeJaBaeMoi COOpKH:
e 113 KaKo¥ BepCHH HCXOJHBIX KOJIOB OHA ObLIa cobpana?
e Kakme KmIOYM KOMOWSIIMM W HACTPOWKH  Cpelbl
OKpYXEHHUSI IPUMEHSIUCH?
e He ObuM 1M BHECEHBI B KOJI U3MEHEHHSI, HE OTPAKCHHBIE B
cucTeMe KOHTPOJISI BEpCHiA?
e DbpumM M MCTONB30BaHBl NPABHIbHBIE BEPCHH BHEIITHHX
oubmotek mpu coopke?
Ha 3T BOmpOCHI OTBETHTH HE TaK NPOCTO, a MPOKOHTPOIMPOBATH
Ka)XXJJ0T0 pa3paboTynka — eIe cIoXHee. MHOTHE CKaXyT, 4TO JUI
cOopku, pa3BepTeiBaHus ¥ nepenaun [10 B TecTHpoBaHME TOIKHA
CylIecTBOBaTh ocobast ponb — wumxkeHep no coopke (build
engineer), WiaM Jaxe LeJNoe MOApa3cieHHe COTPYIHHKOB, HO
B HEOOJIBIINX MPOEKTAX TaKOe MPOCTO HeBO3MOkHO. KoHeuHo, 3Ty
POJIb MOXKET UCIIONHATH KTO-TO M3 YJICHOB KOMaH[bI, U, Ha TIEPBBIH
B3MUISIAL, 9TO KaXkeTcs pasyMHbIM. Ha camom jene, 5To Juib crnocoo
CKpBITh MpPOOJEMbI, HO HE H30aBUTHbCA OT HHUX. BO3HUKHET
KOHCEpBallMsl YHUKAJIBHOIO 3HAHWS M HaBblKa B TOJIOBE OJHOIO
YeJIOBEeKa U CBS3aHHBIE C STHM PUCKH:
e Yro Oyzner, ecnu paOOTHHUK, OTBETCTBEHHBIH 3a COOpKY U
pa3BepThIBaHHUE, YBOJIUTCS Wi 3aboieet?
e Kakue ecTb rapaHTHH, YTO OH HE CJEJIAeT OIIMOKW HpH
ouepenHOHN cOOpKe MM Pa3BepPTHIBAHMN?
MOXHO WATH IIyTEM pErJIaMEeHTOB, KOTOpBIE KOHTPOJUPYIOT
OKpYXXEHHE W TIPOLENypy COOpKH, HO TaKHE PETJIAMEHTHI CI0KHO
UCIIONHATH U ellle OoJiee CIOXKHO MOJJepKUBaTh. [IporpaMMHUCTBI
HE MOTYT 3aHUMATBCS HCIIOJHEHUEM >JKENaHHH TEeCTHPOBIINKOB:
coOMparh MPOEKT M0 TPeOOBAHUIO, IMKECTKO KOHTPOJIMPOBATH
OKpYXEHHE, B KOTOPOM HPOUCXOJHUT COOpKa. DTO TYMUKOBBIN MyTh.
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Obnossenne

Moayasnoe
TecTHpoBanne

Pucynok 1. CocTaBHBIE YacTH MOJIHOTO IPOIIecca HEMPEPHIBHON
HMHTETPaIUH.
CaMu pa3pabOTYMKHU TOXKE YACTO SBISIOTCS UCTOYHUKOM MPOOIIEM.
Takue mpoOseMbl MOTYT OBITH OXapaKTepHU30BAHBI CIETYIOMINMHU
¢bpazamu:
e  «Ha moeii mammHe Bce cobupaeTcs u padoTtaer!»
e «Ha mocnenneit cOopke, ymexameld B TECTUPOBAHUE,
UCIIONB3yeTCsl yeTapeBlias Bepcus oubnuorexu superliby.
e I He Mory paboTaTh, MOTOMY YTO IIPOEKT HE coOupaercs.
51 He 3Ha10, KOT/1a BCE CIIOMAJIOChY.
Oco0erHO Xxopoma mepBas mpoOieMa, BOKpYr 3Toi ¢passr («lt
works on my machine!») maxke Bo3HuKIa CyOKyabTypa [4], HO
pa3paboTYMKN BCE pPABHO MPOJOKAIOT MOBTOPATh €€ CHOBA
u cHoBa. B 60pr6e ¢ atum 310M HU ocobenHo xopora.
Komy-To 3TM mpobieMbl MOTYT MOKa3aThCs CMEMIHBIMH HIIH
HaJlyMaHHbIMH, TEM HE MEHee, B pa3padOTKe TaKoe YacTo
ciryyaercs. PaHHee oOHapy)XeHHE 3THX NpOOJIEeM SKOHOMHUT MHOTO
BPEMEHU U JICHET.
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B wurore momywaercs, 4ro ectb HekHii 00BeM paboT (cOopka,
pa3BepTHIBAHUE W T.HA.), KOTOPBHIH JOIDKECH BBIMOIHITHCS AT TOTO,
9TOOBI  KOHTPOJHMPOBATH (B HEKOTOPOH CTETEHH) COCTOSHHUH
npousBoaumoro I10. IIpaktuka HU npu3ssiBaeT n36aBUTHCS OT 3TUX
PYTUHHBIX Ollepaluii MOCPEACTBOM MX aBTOMATU3ALMH U Hepenaye
MallIiHe.

3. Pemenue

ABTOMaTH3aIMA 3[€Ch — 3TO B IEPBYIO OUYEpEIh aBTOMAaTH3AIHS
cOOpKH, pa3BepThHIBaHU, 00paTHOU CBs3U. Bee aTH aBTOMAaTHUYCSCKHE
TIPOIIC Ty PHI CBSI3BIBAIOTCSA BOCIUHO Ha CICTIHATBHOM
WHTECTPAllHOHHOW  MAaIlWHe, a  YOpaBJICHHE  MpOoIeIypamu
OCYIIECTBIIIET CepBep HMHTerpanuu. ba3oBas cxema opraHU3aIiH
mporiecca WHTETpallui TOKa3aHa Ha puc. 2. Ha cxeme BBIIETICHEI
CJIEIYIOIIME DTAIIbL:

e  (OOHOBIIEHHE HCXOJHOIO KOJIa;
Coopka;
PasBepThIBaHUE NPOEKTA,
ApxuBUpOBaHUE OMHAPHBIX (QaiiioB;
I'enepanus u myOIMKaIUsa OTYETA.
OTO MpaKTHYSCKH MHHUMAIBHBIA HA0Op ATaroB, NMPH KOTOPOM
MOXHO TOBOpHUTH 0 mporecce HM. B HEKOTOPHIX ciIydasx MOXKHO
yOpaTb JTam pa3BepTHIBAHWSA, €CIHH JJIs TPOTPaMMEI STOTO HE
TpeOyercs.  OcTampHBIE  3Tambl, OE3yCIOBHO, HEOOXOJUMBL
PaccmoTpuM mopoOHO, YTO MPOUCXOAUT Ha KaXKJIOM U3 YKa3aHHBIX
aTanoB. BHauane cepBep MHTETpanuy OOHOBISET JEPEBO UCXOTHBIX
KOJIOB NPOEKTa JI0 TOCJEIHEeH CBEXeH BEpPCHH, ITO MOXHO JeJIaTh
KaK IO paCnruCaHWIO, TaK WU IPHU KaXXKIOM HU3MCHCHHUHU HCXOIHBIX
konoB. Jlanee unger cbopka. COOpKa Ha MHTETPAIIMOHHOM CEpBEpE
OTIIMYaeTCa OT COOPKM Ha JIOKAJIFHOW MamuHe pa3pabordnka. Yem
oHM oTiHMyatoTcst U 3adeM? COBpEMEHHBIE CepBepa HHTErpalyu
MO3BOJISIIOT  IlepesiaBaTh METKYy (HOMEp BEpCHHM) B KadecTBe
napamerpa cOOpkH. PexoMeHIyeTcsi BKIIOYATh 3TOT IapaMeTp Ha
BUJIHOM MECTe B pE3YJbTHPYIOIIWH IPOAYKT, HAIpuUMep, B
nHpopmanmm 0 TMporpamMme, KOTOPYKO MOXET MOCMOTPETh
nosjb3oBarens. Kpome Toro, okpyxeHue Ha COOpOYHOH MalInHE
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KOHTpOJHpyercss Ooiee skecTko. [locime 3TOro, TOTOBBIA HPOIYKT
pa3BOpauMBaETCd B OKPY)KCHHU. BakHBIM MOMEHTOM SIBISETCH,
KaKo€ HMMEHHO OKpY)KEHHE HCIOIb30BAaTh JUI1 pa3BEePTHIBAHHSA B
JaHHOM ciydae. OnuH u3 aBropoB npaktuku HU Maptun @aynep
COBETYeT AeTaTh 3TO B IPOMBIIIJICHHOM OKPYKeHUH [2].

Ilocne pas3BepThIBaHUS HAET 3Tall APXUBUPOBAHMSA, HA KOTOPOM
MIPOMCXOJUT COXPAaHEHUE PE3yJIbTaTOB COOPKH JAJsl AajbHEHIIero
HCTIONb30BaHUs.

Takum HCIIOJIB30BaHHEM MOJKET ObITh  TECTHUpPOBaHME,
JEMOHCTpanusi, BOCIPOM3BEICHWE NPOOJIEM B PaHHHX BEPCHSAX.
Kpome Toro Ha JaHHOM 3Tare MOXKET NMPOUCXOIUTH MOMETKA KOAa
TErOM B PEIO3UTOPHH, JUII TOrO, YTOOBI MOXKHO OBIIO Bcerga
MIOBTOPHUTh AaHHYIO cOOpKy. OOBIYHO TEr COBHAZAET C HOMEPOM
BEPCHH, paHEe CreHEPUPOBAHHBIM COOPOYHBIM CEPBEPOM.

Iocne Toro, kak Bce cAENIAHO, HACTYMAET JTAIl TeHEPALMK OT4eTa U
cepBep OIOBENaeT pPa3pabOTUNKOB O pe3ynbrarax. OmNoBelleHUE
MOJKHO pa3ZIeJIUTh Ha JiBa THIIA: aKTUBHOE U naccuBHoe. K nepomy
OTHOCHUTCSI €mail, cHcTeMBl MTHOBEHHBIX COOOIICHHH, MOHHTODBL.
BTtopoii Tunm — sTo mybnukanus Ha BeO Uiu GailiioBoM cepBepe.
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Obnossenne

Pucynok 2. CocTtaBHbIe acTH 0a30BOT0 IpoIIecca HEMPEPHIBHOM
HMHTErpaluu.

4. Tlpumep

PaccMoTpuM  TpUMeEp  HCMOJIB30BAaHHSI  OMHMCAHHOTO  MOAXO/a
«rOJIO¥» HEMpephIBHOW HMHTErpald B IMPOEKTe pa3paboTKu BeO
TIPWJIOKEHUS Ha I1aTdopMe java.

B kauecTBe CpeACTBA YIPABICHHUS BEPCUSIMHU HCIOJIb30BAJICS
Subversion, KOTOPBIH MOAACPKUBACTCS OOJBIIMHCTBOM IIHPOKO
pacnpocTpaHEeHHBIX cepBepoB cOopku. Camu cpenctBa cOOpPKH
cTaHAapTHbl Asl miathopMbel java — 3710 ant m maven. Takas
KOMOWHAIMsI € OAHOH  CTOPOHBI  TPEJOCTABISAIOT  OOJbINNE
BO3MOXKHOCTH TPH YIPaBICHUH COOPKOW MpOEKTa B IEJIOM, a C
JIPYroi CTOPOHBI TMO3BOJISIET MPOCTO AaBTOMATH3HPOBATh CMEMKHBIC
JTaIbI.

Boiee HecTaHIAPTHOM SIBISIETCS peaii3alisl 3Tarna pa3BepThIBAHUSL.
B mepByio ouepenp u3-3a TOrO, YTO CTAHIAPTHOIO MEXaHU3MA
pasBepTHIBAHUS U Pa3JMYHBIX CEPBEPOB TMPHIOKEHHH He
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cymecTByeT. MBI, B JaHHOM Cily4ae, Mbl BBIOpAIH JOCTATOYHO
pocToi croco6. Pa3BepTrIBaHNE MPONUCXOIUT HAa TOM XK€ CEpBEpE,
9TO0 M cOOpKa, IIO3TOMY BO3MOXHA IMOIMEHa (DaiiIOB TMPUIIOKEHUS.
Ilocne Takolf mMOAMEHBI cepBep MNPUIOKEHUH (B HaIIeM Ccllydyae
Resin) cam npon3BOAMT pa3BepTHIBAHUE.

K coxaneHuio 3To0 He Bce, YTO HY)XHO CAENaTh JUI 3alycka BeO
MIPUWIIOKEHUS, HEOOXOAMMO TaK )K€ Pa3BEPHYTh CBEXKYIO BEPCHIO
6a3pl  naHHBIX. CBEXyl0, 3HAYUT Ty, KOTOpash HAaXOAMTCS B
PETO3UTOPHH, a TIIe €€ elle XpaHuTh? J{Jst 3TOi mpoOsieMbl Tak XKe
HET CTaHAapTHOTO pemeHus. V3HayalbHO MBI MONUTH IO OYEHb
IIPOCTOMY M HEMPABIWIBHOMY IIyTH — CTaJId XPAHUTh HOJHBIN AaMII
6a3pl B perno3uropuu. HemocTaTkym NaHHOTO MOAXOAA OYEBUIHBI:
HEBO3MOXHOCTh ITPOCTOTO CPaBHEHMSI BEpCHH, HEYHOOCTBO pabOTHI
¢ OmHapHbIM (aitmoM. 'opa3zgo Gosee MPOTPECCHBHBIM OKa3alCs
MeTol XpaHeHHs ommcaHmsa 0Oazel B SQL. Bce coBpeMeHHBIC
cpencTBa paboThl ¢ 6a30ii MO3BOJSIOT MPOCTO U YAOOHO MPOBOIUTH
JKCIIOPT TAKUX CKPUNTOB. Takol MOAXOA K XPaHCHUIO CTPYKTYpbI
0a3bl OKa3ajiCs CYIICCTBCHHO Ooiee YIOOHBIM W HE HMEET
YKa3aHHBIX BbIIIC HEAOCTATKOB.

Ilocnenmnue  aTamel  mpolecca  HEMPEPhIBHONH — MHTETPALUH:
apXMBHPOBAaHWE W TeHepamus oOT4eTa JIETKO pealn3yrTcs
CPEeACTBaMH MPAKTUYECKH JII000TO CHEUaIN3UPOBaHHOTO CEpPBEpA.
B wrore mnomydmrace cucrema, KOTOpash NPOW3BOJUT COOPKY,
pa3BepThIBAHUE M OIIOBEIIECHHE B CIydae KakuX-JMOO mpodiem.
Koneuno, ona He crocoOHa OTIOBUTH Bce MpoOiembl (a Kakas
cucrteMa crocoOHa?), HO Jlake TakOW INPOCTOH «(WIBTP» yMmeer
BbUIABJINBATL HEKOTOPBIC M3 HUX. HpO‘II/Ie MnpeuMytiecTsa M
HE/IOCTATKH OIMCAHBI B CIEYIONIEM pa3/iere.

5. TlpeumyuiecTBa U HEAOCTATKHM MOIAX0AA

Briroma nepBas — m3baBieHne oT pyTHHBL. He Hamo OOBICHATS,
4T0 Npo)eccHOHaAIIBI HE JIIOOSAT PYTHHY, KPOME TOTO, BpEMsI JIIOAeH
CTaHOBUTCA BCE IOPOXKE, a BpPeMs MAIlIUH BCE JECIIEBIIE.

Beirona BTOpas — mpocToTa U moBTopseMocTs. Kro yromHo —
M000H YYacTHUK NMPOEKTa: TECTHPOBIINK, AaHAJIUTHK U T.J. MOXET
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coOpaTh M 3allyCTHTh MPOEKT, MOTOMY YTO BCE 3TH OINEpaIuu
aBTOMAaTH3UPOBaHbl. COBEPIINTH OMIMOKY IIPH TOM HEBO3MOXKHO.
Briroma Tpeths —  He3amMeTHOCTh. Ha mepBbIX  3Tamax
UCIIONIb30BaHMs  OOJBUIMHCTBY YYaCTHUKOB  pa3pabOTKH  HET
HEOOXOAMMOCTH YTO-TO MEHATh B MX pabore. CpaBHHUTE 3TO C
TaKUMH  «TSDKEJBIMW» TPAKTUKaMHW Kak pa3paboTka dyepes
tectupoBanne (TDD), rae pa3paborumky Hago NPaKTHYECKH
MIOMEHATb MHPOBO33PEHUE MM BHEJPEHHE aBTOMAaTHYECKOTO
MIPUEMOYHOTO TECTUPOBAHMS, TI/€ TECTUPOBIIMKY MpPEJIaraeTcs
mucaTh KoA. Ecnm m3MeHeHmst B pabore JioAedl MpaKkTHYECKH
OTCYTCTBYIOT, OHM HE OYIyT CONpPOTHBIATHCS BHEIPEHUIO W
ncnons3oBanuto HU.

Kak yxe ormewanocs, mpu komOuHmpoBanun HW c apyrnmu
MIPAaKTHUKaMH TOJy4YaeTcst CHuHepreTumdecknii sddexr, HO 3TOT
Clydaii 3a IpeJielaMu pacCMOTPEHHS JaHHOH CTaThH.

Ectp nmu HenoctaTky y npaktukun HU? Be3ycnoBHO, HO OHHM He Tak
3HAYMTENbHBl Kak IpeumymiectBa. Hampumep, k HexocTaTkam
OTHOCAT HEOOXOIUMOCTh MMETh BBIACICHHBIM cepBep, TPaTUTh
BpeMsI Ha MOJJIEPKKY paboThl 3TOoro cepmepa. IlepBrIif apryMeHT
C KaXk/IpIM JHEM Bce ciabee U ciabee, xKelIe30 CTOUT BCE MEHbIIE U
MEHbIIIE TI0 CPaBHEHHIO C BpeMeHeM pa3paboTdynka. OTHOCHTEIBHO
BTOPOTO apryMeHTa MOKHO CKa3aTh O HallleM omblTe. Bpems Ha
MOJIep>)KaHUE CEPBEPA COBEPIIEHHO HE3HAYUTEIBHO M0 CPABHEHHIO
CO BpeMeHeM Ha oOHapyXeHHe TMpobjeM ApYyruM CIocoOoM
U 3aM03JaJI0€ UX YCTPAHEHHE.

6. 3akirouenme

[Ipaxtnka HU TecHO meperieTeHa ¢ APYTUMH HMPAKTUKaMH THOKOH
(agile) paspaboTkuM: MOIYJIBHOE TECTUPOBAHHE, MNPUEMOYHOE
TECTHPOBaHHE, CTaHIApT KOAWPOBAaHHWS, HO OHa  MOXET
MpUMEHAThCA U 0e3 HUX. MBI HE OTpHIlaeM MPEUMYIIECTB ITHX
MIPaKTHK, 0coOeHHO B komOmHammu ¢ HV, HO ux BHeapeHne —
OTJeNbHAs 3ajada. BHEJAPUTH HECKONBKO TaKUX «PECYPCOEMKHX)
TEXHOJIOTHI cpa3y HEBO3MOXHO, KaK Obl HU NMPU3BIBAIN PA3IIMYHbIC
rypy. OTO MOXKHO CAeNaTh TOJbKO IO vacTsM. Hampumep, cHauana
BHeApUTh «ronyto» HU, a 3ateM k Hell OCTENEHHO NMPHCOEAUHSATD
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apyrue Merogukd. IIpm 3TOM HEOOXOOMMO IOCIEIOBATENbHOE
«HapaNIMBaHUE)» [1ar0B BKJIIOYAEMBIX B COOPKY.

T.o. HEnpepbIBHASsT MHTETPALUSI OOBEANHUT BOKPYT €0 HECKOIBKO
JIpYrUuX WHXCHEPHBIX NPAaKTHK, W Ojarojaps 3TOMY MOXET CTaTh
LIEHTPOM BaIllero Ipolecca pa3paboTKy.
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This article introduces new aspects to the notion of web-
application testability. Review of existing investigations related to
software testability is provided. Restrictions of existing approaches
and ways to overcome these restrictions are discussed. The article
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tool.
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Te3ucobl

JanHass paboTa BBOIUT HOBBIE AacCMEKTHl B PaccMOTPEHHE
MIOHATHSL TECTONPUTOTHOCTH BeO-nprioxkenuid. [IpuBoaurcst 0630p
paboT, B KOTOPBIX HCCJIEAYETCSl MOHSITHE TECTONPHUIOAHOCTH
nporpamm; 0OCYXKIaloTCsl HEJOCTAaTKH CYIIECTBYIOIIUX ITOJIXOJOB,
MIOCJIE Yero TPEUIaraloTcs IyTH MPEONOJCHUS 3TUX HEIOCTATKOB;
MIPUBOIMTCS OINMCAaHHE NPOoOpa3a WHCTPYMEHTA, PEaTN3YIOIIEro
MIPEATI0KEHHbIE MJICH TPUMEHHUTENBHO K BEO-TIPUIIOKEHUSAM.

Keywords: TectupoBanue Iporpamm, TECTOIIPUTOJHOCTH
NnporpamMM; KadeCTBO IPOrpaMM; COIIPOBOXIAAMOCTh IIPOrpamMM;
BEO-TIPHIIOKCHHUS.

1. Bsgeaenue. O630p pador

CymectBytomue paboThl MOXKHO Pa3OMTh Ha J[Be TPYMIIBL, B
KOTOPBIX MTOHATHE TECTOIPUTOJHOCTH PACCMATPUBAETCS B OTHOM M3
JBYX KOHTEKCTOB — pEaJIM3alMOHHOM JHO0O crenn(pUKannoHHOM.
CrnenmduKaMoHHbIH KOHTEKCT JoIyckaeT Ooiyee (hopMaibHBIN
MOAXOA K ONPENENICHUI0 TECTONPHUIOAHOCTH, IIOCKOJIBKY 3TO
o0macte, B KOTOpOH MOXXHO paboTaTb C MaTeMaTHYeCKUMHU
MOJENSIMH  IporpamMM. Peasm3anMoHHBIN KOHTEKCT Oike K
MIPAaKTHKE, 3/I€Ch MCCIIEeN0BATEISIM IIPUXOIUTCS OOJBIIE OMUPATHCS
Ha YMIIMPHUYECKHE 3HAHUS, TIOITOMY B 3TOM KOHTEKCTE ITPEBATHPYIO
T He(hOpMaJIbHBIE ONPEJIENICHNs] TECTOIPUTOAHOCTH.

O0630p paboT yacTUYHO ommpaercs Ha ctaThi baymraprena [1]
n bpyatmaka u [épcema [3]. baymrapreH paccMaTpuBai
HCKITIOYUTENFHO BOIPOCH TECTOIPUTOAHOCTH  CHerupuKanuii,
OCTaBIIsIsl B CTOPOHE pealiM3allMOHHbIe acleKThl. bpyTHuk u [épceH,
HampoTHB, OOJIbIIE BHUMAaHMS YJISISUIM HPAKTHYECKOW CTOpOHE
Jena.

IlepBast mombiTka  (GOpMaJIBHO  ONpENENUTH  INOHSATHE
TECTONPUTOAHOCTH  NpUHAANEKUT, Buaumo, Kapuany [4].
Pa3zymeercsi, HMKaKoro OTHOLIEHHS K TECTHPOBAHUIO IPOrpaMM
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paborel Kapnanma He wWMenH, OH IIBITANCS OIPEAEIHTb, KaKue
JIOTUUECKUE  YTBEPXKAEHHUS MOXHO CUUTATh IPOBEPSEMBIMU
(testable), a xakue Hemb3ss. Tem He MeHee, COBpPEMECHHBIE
HCCIEIOBAaHMUSA TECTONPUTOJHOCTH MPOJOIDKAIOT  3AJI0KEHHYIO
Kapuanom tpanunuto.

Kanmpman B paborax moO Teopu:m  ympaBieHus [7]
chopMyIHpoBa OIIpeeIICHHE TECTONPUTOTHOCTH UL
JCTCPMUHUPOBAHHBIX KOHEUYHbIX aBTOoMaroB. OH ompenenun
TECTONPHUTOAHOCTH KaK KOMOWHANHNIO IBYX JPYTHX CBOWUCTB:

» ympaBiasemocth  (controllability) —  Bo3moxkHOCTB
JOCTUTHYTH JIOOOTO COCTOSHHSA, I0JaBas Ha BXOJ pa3jIMYHbIC
CTHMYJIbI,

» Habmomaemocth  (Observability) —  Bo3moxHOCTB
OTpENEICHUs] COCTOSIHASA CHUCTeMBl MyTEM TOAaYld Ha BXOJA
OIpeeNEHHBIX CTUMYJIOB U HaOJIIOACHUS MOJYyYEeHHBIX B OTBET Ha
9TH CTUMYJIBI PEaKIHH.

Uyte mozxe llrapk [9] pacmmpii mOHATHE HAOIIOIAEMOCTH
TakK, 9TO OHO CTAJIO MPUMEHHMO TAKXe JUIsl HeJAeTEePMUHUPOBAHHBIX
KOHEYHBIX aBTOMATOB.

Hedopmansabie 00CyXAE€HHS TOHSTHS TECTOIPUTOIHOCTH
mporpamMm MoxHO Haith B [2], [5], [10]. B »tEX paborax
TECTONPUTOAHOCTh TPAKTyeTCs KaK HaJIU4YHe y MPOrpaMMBbl TeX WU
MHBIX XapaKTepHCTHK, obierdaronmx eé tectupoBaHue. [Ipu 3Tom
«00JeTYeHNE» MOXKET BBIPAXKATHCS TNO0 B COKPALICHUH CTOUMOCTH,
BPEMEHHU WM YCWINH, THO0 B BOZMOXXHOCTH MPUMEHEHUS T€X WIIH
HHBIX METOJIOB TECTUPOBAHMS WJIM HHCTPYMEHTAIBHBIX CPENICTB.

[TpuarMas Bo BHUMaHUE TOT (PAKT, YTO TECTUPOBAHHE SBIISETCS
WHKCHEPHOHW, a He YHCTO TEOPETHYECKOW JMCHUILTHHOM,
MIPAaKTHYECKUE OTPAHUYCHMS, TAaKME€ KaK CTOMMOCTh MM BpeMs
HUMEIOT He MEHbIlee 3HAa4eHHE, YeM TEOpeTHUYeCKass BO3MOXKHOCTh
co3/1aHus Habopa TecTOB.

ITosToMy ycunust ucciieroBaTtenie HalleJIeHbl Ha TO, YTOOBI JUIst
pacupocTpaHEHHBIX YAaCTHBIX CIy4aeB OIPEAeTUTh HEKOTOPHIE
COBOKYITHOCTH XapaKTePHCTUK TPOTpaMM M CBeCTH HUX K
HEKOTOPOMY Ha0Opy METPHK, KOTOPBIE MOTYT OBITh BBEIYMCIIECHB Ha
OCHOBE peanu3allif, W I KOTOPBIX HMEETCS KOPPENsus C
MTOJYYCHHBIMHA SMIMPHUYECKUM IMYTEM OLEHKAMH 3aTPadyeHHBIX Ha
TECTUPOBAHUE YCUIIUIL.

Opuaman [5], Tak ke kak u Kanbman [7], onpenenui NoHsATUE
TECTONPUTOAHOCTHU AJISl IPOTPaMM KaK COYETaHUE YIPaBIIEMOCTU U
HaOmonaemoctd. OJHAKO JUIsL YNPaBsIeMOCTH M HaOJII0AaeMOCTH
OH Jan Ooree MIMPOKHE ONpENeNIeHHs B TEPMHUHAX BXOJHBIX M
BBIXOJHBIX 3HAUEHHH, MOCKONbKY MpOrpaMMy HE BCETa MOXHO
TPaKTOBaTh Kak KOHEUHbIH aBTOoMaT. CoriacHo dpuamMaHny,
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*  YIOpaBIIEMOCTb ONpEAENSeT, KaKyld 4YacTb 00JlacTH
BBIXOAHBIX 3HAYCHWH MOXHO NOKpPBHITh, MOAaBasi Ha BXOJA Bce
BO3MOJKHBIE BapUaHTB! BXOIHBIX 3HAYCHUMH,

*  HaONIOZAaeMOCTh XapaKTepU3yeTcs TEM, MOJIydaeM JH MBI
Ha BBIXOJIE pa3HbIC WM OJMHAKOBbIC 3HAUCHHS Ha BBIXOJE, I10JaBas
Ha BXOJ T€ WU WHbBIE JAHHBIC.

Ecmu npencraButs cebe mporpaMmy Kak (GYHKIHIO U3 00JacTu
BXOJHBIX [AaHHBIX B O0OJAaCTh BBIXOJHBIX MJAHHBIX, TO MOXXHO
CKa3aTh, 4YTO WHBEKTHBHAasA (QYHKOHA 00JajaeT  Xopourei
HaOII0]AEMOCTBIO, @ CIOPBEKTHBHAasg QYHKIOUS —  XOpOILIEH
YIPaBJIsIEMOCTBIO.

Boac u Mwumnep [10] Ttakxke paccMaTpuBadd OTHOLIEHHE
MOIIIHOCTH MHOKECTBA BBIXO/IHBIX JJAHHBIX K MOIIHOCTH MHOXECTBa
BXOJHBIX JaHHBIX. OHU H3ydYalM CBSI3b ITOTO IMOKa3aTess ¢ TaKOH
XapaKTEePUCTUKOW, KaK CTENEHb YYBCTBUTEIBHOCTH INPOTPaMMBbI K
HaJIMYHIO Ie(DEKTOB, TO €CTh BOZMOXXHOCTh OOHapyKeHHs Ae(heKTa B
IIporpamMme, €CJIM U3BECTHO, YTO OH TaM UMEETCs.

Jpyrue wuccnenoBaTeny — NBITAINCh  ONMUpaThCsi HE HA
«BHEIIHHUE», a HE «BHYTPEHHHE» METPHKH, KOTOPHIE MOTYT OBITh
BEIUMCIICHBI Ha 0a3e MCXOIHOTO Koja mporpamMmsl. JxyHrMmeiip [6]
n3ydai BIUSHUE CBA3EH MEXy 4acTSIMH IIPOrPaMMBbI Ha CIIOKHOCTh
HWHTETPAIMOHHOTO TecTupoBaHus. Makl'perop [8] aHamoruyHoe
HCCIIeIOBAaHNE MPOBOAWI B OTHOLICHHWH CBS3€i, XapaKTEPHBIX I
[pOrpamMMm, HAIMCAaHHBIX Ha 00BbEKTHO-OPUEHTHPOBAHHBIX S3bIKAX —
HaclleIOBaHUs, AETICTUPOBAHUS, HCKIIOUCHUH.

2. TecTompurogHOCTH BeO-NPHIOKEHUIH

Bce wusydennole Hamu paOOThI HESIBHO NPEANONAraioT JBa
(axTopa, KOTOpBIE, BOOOIIIE TOBOPSI, HENB3S IPUHUMATD 33 HCTHHY:

. TECTONPUTOAHOCT 3aBUCUT TOJNBKO OT TECTHPYEMOH
IIPOrpaMMBl,
. uHTepdeiic  B3aMMOAEHCTBHS TECTOBOW CHUCTEMBI C

TECTUPYEMOU IPOrpaMMOii HE BJIMSAET Ha TECTONPUTOJHOCTD.

B nmanHOW TIaBe MBI paccMarpuBaeM I3TH JABa (akrTopa,
[IOKa3bIBa€M, KaK MOJKHO MX Y4YeCTb, a B CIECAYIOLIEH IJaBe
ONMCBHIBAETCSI TPOOOpa3 WHCTPYMEHTA, MPETHA3HAYCHHOTO IS
OIIEHKH TECTONPHUTOAHOCTH BEO-TIPHIIOKEHUH C yIETOM ATHX ABYX
(axTopoB.

2.1. 3aBHCHMMOCTH OT HMHCTPYMEHTOB, Iejiei W MeTOI0B
TeCTHPOBAHUS

Korna HCCIIeIOBATEIHN TBITAIOTCS OTIPEIeITUTh
TECTONPUTOAHOCTh B TEPMHUHAX METPUK, TPHCYIIHX CaMOi
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nporpamMme, OHH II0JIarafoT, 4YTO TECTONPUTOJHOCTH MOXKHO
paccMarpuBaTh Kak HEKYyI0 (DYHKIHIO IPOTPaMMBI:
Testability = F(Program)

Kak Obuto TOKa3aHO BBIIIE, MCCIIEJOBATENN IBITAIOTCS CBECTH
9Ty (QYHKIMIO K  BBUHCICHHUIO  ONPEACNEHHBIX  METPHK,
6azupyromuxcsi 00 Ha WCXOJHOM KOJE NIPOTpaMMEI, JTHOO Ha
007acTH BXOMHBIX W BBIXOIHBIX 3HaUYeHWH. Bpsnm mm y xoro-mibo
BBI30BET COMHEHHS TOT (aKT, HYTO CIIO)KHOCTh MPOTPaMMEI
KOPeJUTUpYeT C YCHIMSIMH, KOTOpble HEOOXOOMMBI st e
pa3paboTKyu, TeCTUPOBaHUS U moaaepkanusi. OHAKO OINpeaeeHue
CJIO’KHOCTH TIPOTPaMMBI HE TaK-TO MPOCTO CBECTU K U3MEPEHUIO TeX
WJIN MHBIX XapaKTEPUCTHUK UCXOAHOT0 Koja. [loaTomy Takoi criocod
OTHOCHTENIFHO XOpoIlo padoTaeT Juisi MPOCTHIX CIIy4yaeB —
MOJyNbHOE (PYHKIMOHAIBbHOE TECTHPOBAaHHME, U MPAKTHYECKU
HENPUMEHHM B JAPYIUX CIy4asx.

JleliCcTBUTENIFHO, €CITH  TOCMOTPETh Ha TUNHYHOE BeO-
MPWIOKECHAE, MOXHO BHACTH, YTO YacTh (YHKIMOHAIBHOCTH
peanu3yeTcsi Ha CTOpOHe Opaysepa Ha si3bike JavaScript wim ero
aHaJore, 9acTh Ha CepBepe NMPHIIOKEHHUH, H 9acTh — B 0a3¢ JaHHBIX
Ha sbikax PL/SQL, TransactSQL wmm momoOueix mM. Ham He
yAaJoCh HAHTH HHU OXHOW pPabOTH, B KOTOPOW NPHUBOIMICS OBI
€Hoco0 OIIEHKH TECTONPHUIOAHOCTH Ha OCHOBE aHAJIN3a MCXOJHOTO
KoJa s TPWIOXKEHWH, TMPEeACTaBIAIINX CcO00H TMOJ00HYIO
COBOKYITHOCTbH Pa3HOPO/IHBIX YaCTeH.

Kpome Toro, Bce BCcTpeueHHbIE HAMU pabOThl ObUIHM MOCBSIIEHBI
OILICHKEC IIPUTOJHOCTHU IporpaMMblL JJIL (I)yHKL[I/IOHaJ'H)HOFO
TECTHPOBaHUS. MOXKHO MPEAIOIOKHUTh, YTO aHATH3 IIPOrPAMMHOTO
KOJa He MO3BOJIIET OLEHUTh MPUTOJHOCTE IIPOTPaMMBI IS JPYTUX
BHIOB  TECTHPOBAHUS —  NPOM3BOJUTEIBHOCTH,  yIOOCTBa
HCTIONB30BaHUs, 3AIIUIICHHOCTH U T. 1.

Hawm kaxkeTcs, 9TO 3TH HCCIEIOBATENN B CBOMX pab0OTax HESBHO
TIPEIIOJIaraly 1 MO3TOMY He YIIOMUHAIN PO OJIHY KpaiHe BaXKHYIO
Belllb. TECTUPOBaHHE BCErJa  HAIEJICHO Ha  JOCTHKEHHE
OTIPENEIEHHBIX TeJIe. DTH LeNd MOTYT OBITh Pa3TUYHBIMHU, YTO H
TIOPOXKAACT PA3HBIEC BUJLI WU IMOJABHUILI TCCTUPOBAHMA. TaK, npu
TECTUPOBAHNHN IIPOU3BOAUTECIIBHOCTU u (byHKHI/IOHaJ'H)HOCTI/I
CTaBATCA Pa3HbIC LECIN. AHaJ'IOFI/I‘-IHO, IIpyu MOAYJIBHOM U CUCTEMHOM
TECTUPOBAHUM  1I€JM  TaKXkKe  pasnuuarTcs. 1o ecTh
TECTONPHUTOJHOCTD SABJsIETCS (PyHKIMEH HE TOJBKO TECTHPYEMOM
MIPOrPaMMBbl, HO TAK)XKe IIEJIM TECTUPOBAHUS:

Testability = F(Program, Target)

Ho m 310 emé He Bc€. UroObl MOHATH, YEro He XBaTaeT,
npoBeAéM emé OAHY aHAJIOTHIO, IOTOBOPHM O JOCTH)KUMOCTH
HekoTtoporo Mecta. Jloctmwkum mu Kurtain? JlocTwkuMm  In
HeoOWTaeMbIii OCTpOB Tocpean Tuxoro okeaHa? JlocTwkumo I
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aHo Mapuanckoi Braauubl? JlocTmwxkuma M oOpaTHas CTOpOHA
JIyne1? JIast oTBeTa Ha JTOT BONPOC HYKHO 3HaTh, KaKUMH
TEXHHYECKUMH CPEJCTBaMM MBI pacnonaraeM. Korzma-to Ha 000
13 3THX BOIPOCOB OTBET OBUI ONHO3HAYHBIM — HET, HO 1O Mepe
Pa3BUTHS TEXHUKH 3TH MECTa CTAJIN JOCTHXUMBIMH.

TouHO Tak k€ TECTONPUTOTHOCTh 3aBUCHT HE TONBKO OT CaMOM
MIPOTPaMMBbl, HO TaKKe M OT MMCEIOMIMXCS B HAIIEM PaCIOPSHKEHUN
WHCTPYMEHTAIBHBIX CPE/ICTB:

Testability = F(Program, Target, Tool)

YyTe HWXKE MBI MOApoOHEe O0OCYyIMM 3Ty 3aBHCUMOCTB
TECTONPUTOAHOCTH OT HHCTPYMEHTAIBHBIX CPEICTB Ha HpuMepe
BEO-TIPMJIOXKEHUH. A TIOKa OTMETUM TOJBKO, 4YTO B KaXIOM
KOHKPETHOM cJy4ae HY)XHO TPHHMMAaThb BO BHHMaHHE He
abCTpaKTHBIN «ypOBEHb TEXHOJIOTHYECKOTO pa3BUTHSA
YeJI0BEUECTBaY, HO KOHKPETHBIE HHCTPYMEHTBI, KOTOpBIE OO0 YyXkKe
HUMEIOTCSI, MO0 MOTYT OBITh MPHOOPETEHBI, HE BBIXOAS 32 PaMKH
JOCTYITHOTO OIOKETA.

Cnenyer Takke HMETh B BHIY, 4TO HHCTPYMEHTHl MOTYT
MIOJIICPKUBATh HECKOJIBKO PA3IIMYHBIX METOAOB TeCTUpOBaHus. Taxk,
HanpuMmep, A1 BeO-IIPUIIOKEHNI BO3MOXKHO TECTHPOBAHUE KakK Ha
ypoBHE Opaysepa (TO €cThb SMYISIIUM ACHCTBUI IOIB30BATENS C
KJIaBHATypol M MBIIIBbIO), Tak M Ha ypoBHe HTTP-mporokomna.
ITockonbKy aAnsi mporpaMMBbl HCIONB30BaHME OJHOTO CIocoba
MOJKET OKa3aThCs MpOINE, YeM MHCIOJIh30BAaHUE APYroro, a TaKxkKe
WHCTPYMEHTHI MOTYT JIy4Ille IOJAePKUBATh TOT WIM HHOU CIIOCO0 |
XyXe Apyrue crocoObl, MBI SIBHO MOAYEPKHEM 3Ty 3aBHUCHMOCTH OT
BBIOPAaHHOTO C1I0c00a TECTUPOBAHUS:

Testability = F(Program, Target, Tool, Method)

Takum 00pa3oM, MOXXHO CKa3aTh, 4YTO B OOJBIIMHCTBE
UMEIomUXcsl padOT M3ydaeTcs YacTHBIM ciydail 3Toi (yHKIUH,
KOTZIa TPH ITOCIETHNX HapaMeTpa (PUKCHPOBAaHBI, 3 IMEHHO: 1IEJIbI0
SIBISIETCST MOJYJIbHOE (PYHKIMOHAILHOE TECTHPOBAHHE C OLECHKOM
MOJTHOTHl ~ TOKPBITUS ~ IPOTPaMMHOIO  KOJAA,  HMCIIOJB3YIOTCA
TPaIUIMOHHbIE WHCTPYMEHTHl MOIYJIBHOTO TECTHPOBAHUS, CIIOCO0
TECTHUPOBAHUS — METOOM «UEPHOTO» IMO0 «Oenoro» smmKa Ha
YpOBHE porpaMMHbIX nHTepdeiicos (API).

Pazymeercsi, MBI HE NpeTeHAYEM B JaHHOW PabOTE IMOJIHOCTHIO
omnmcaTh yKa3aHHYIO (PYHKIHIO U BCEX BO3MOXKHBIX CITydaeB. MBI
BCEro JIMIIb CTaBUM IIEJbI0 II0Ka3aTh, YTO HMMEETCsl OOJIbIION
MIPOCTOP Ul Pa3BUTHSI MCCIECJOBAHMH HE TOJBKO BIIIyOb, HO M
BUINPE.

BepnémMcs emé pa3 K aHaJOTMM C HOHATHEM JOCTUXKHMOCTU
Kakoro-Jimbo mecra. [1Jisi MOBBILICHUS TOCTHKUMOCTH Y HAC MOTYT
ObITp fABa MHyTH — JIMOO COBEPIICHCTBOBAHUE TPAHCIIOPTHBIX
CpencTB, MO0 yIydIIeHHe HHPPACTPYKTYpPBI, KOTOPOE MO3BOJHT
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UCIIONIb30BaTh YXKE CYLIECTBYIOIINE TPAHCHOPTHBIE CpencTBa. Tak,
yroObl  O0ecHneynTh  BO3MOXKHOCTH  JOCTaBKM  IPY30B B
TPYIHOAOCTYITHOE MECTO, MOXKHO JIMOO KYNHTh (2 MOXET OBITh
Jake wn300pecTH) BEpTONET, JMOO MOCTPOUTH JKEJIE3HYIO WIIH
aBTOMOOMIIBHYIO JOPOTY.

ToyHO Tak Ke MOXXKHO TOBOPUTH O  IIOBBILICHUH
TECTOIPUTOAHOCTH HPOTPaMM, MNPHYEM TYT TOXKE MOXKHO
JefCTBOBAaTh C ABYX CTOPOH — JHOO Henath Ooyiee XUTPOYMHBIC
HHCTPYMEHTHI TECTHPOBaHUSA, MO0 pa3padaThIBaTh NPHIOKECHUS C
y4ETOM TECTONPUTOJHOCTH JUIsl YK€ UMEIOIUXCSI HHCTPYMEHTOB.

Omnupasich Ha BEIIIETIPUBEAEHHYO (POPMYITY TECTOIPUTOTHOCTH:

Testability = F(Program, Target, Tool, Method)

MOJKHO BHUJI€Th, YTO MPH 3TOM MbI (PUKCHPYEM JIBa IMapaMmerpa —
Lelb ¥ crnocod TeCTUPOBAHMS, U BapbUpPyeM OAWH M3 OCTAaBLIMXCS
napameTpoB (uiu 06a cpasy).

2.2. TecronpuroaHocTs UHTepdeiica

Bropoii  cepbé3HBIii  HENOCTATOK  HMMEIOIIUXCS  pador
MIPOUCTEKAET U3 TOT0, YTO B HUX PacCMaTPUBAETCS TECTUPOBAHUE Ha
ypOBHE TporpaMMHbIX nHTepdeiicoB. [Ipu TakoM mpeanonaoxeHun
MOXHO CUHUTaTb, YTO MBI MOXKCM IIOJJaBaTb Ha BXOJ JII00OBIE
JOIyCTUMBIe creundukanue uHTepdeiica CTUMYIBI, a Takxke
MoJkeM 0e3 Tpy/ia HaOJroJaTh peakny TECTHPYEMOM MPOTpaMMBI.

OpHako Ha TMpakTHKE »JTO MPEONOJ0KEHHE YacTo He
BbIIIONHAETCS. Hampumep, npu TecTUpOBaHUM IPOrpaMM €
rpagU4ecKuM  TOJIb30BATENILCKUM HHTepdeiicoM, Kak mojaya
CTUMYJIOB, TaK ¥ HAOJIOJACHUE pPEaKIuil TNPEeJCTaBIAIOT CcOOOH
OTHENBHYI0O TEXHHYECKH BeCchbMa CIOXHYI 3agady. llpu
TECTUPOBAHUU KOMIIOHCHTOB, KOTOPLIC JOJIKHBI pa6OTaTI) B
OTpeNeIEHHOM OKpYXKeHHH, HalpuMmep, cepBieroB umu EJB,
3a4acTyl0 HCIOJIB3YIOT HCKYCCTBEHHOE OKpYyKeHHE (ITICeBIO-
KOHTEHHED).

IToaToMy, B JIOIOJIHEHUE K  ofmeMy  TOHITHIO
TECTONPUTOAHOCTH TIPOTPaMMBI, MOXXHO BBECTH Oomee y3Koe
TOHATHUE TCCTONPHUTOJAHOCTH TOI'0 HWJIM WHOI'O HHTep(beﬁca, UMECsA B
BUAY YIPaBIACMOCTb — BO3MOXHOCTH M TIPOCTOTA IMOCBHIJIKA
CTUMYJOB uepe3 OJTOT wuHTepdeiic, W HAOIMOJaeMOCTh —
BO3MO>KHOCTH M TIPOCTOTA HAOIFOICHHS PEaKIIHH.

Jlns BeO-IpWIIOKEHUH IHPOKO HCIIOJIB3YeTCsl JiBa crocoba
(yHKIIMOHAJIBHOTO TECTHpOBaHUSA — Ha ypoBHe HTTP-3ampocoB u
Ha ypoBHe Opaysepa.
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ITepBBrii  crmoco06 Xopomr TeM, 4YTO TeCTOBas CHCTEMa
HOJTy4aeTcsl He3aBHCHMa OT Opay3epa M dalle BCEro Jaxke OT
onepanyoHHON cucTeMbl. Ho B COBpPEMEHHBIX BeO-IIPUIIOKEHHAX
3a4acTyl0 YacTb JIOTHKH PEAIM3YyeTCsl B BHJE CKPUIITOB HA S3BIKE
JavaScript, koropele ucnonHstOTCS B Opaysepe. [loaTomy Takoi
croco0 NPUMEHUM TOJIBKO K IPOrpaMMaM, B KOTOPBIX BCS JIOTHKA
peanu3oBaHa Ha CEPBEPHOI CTOPOHE.

Bropoit cmocod TpebyeT TOCTaTOYHO TECHOW WHTETPAIdN
HHCTPYMEHTOB TECTHPOBAaHHS C pa3IMYHBIMU Opay3epamMu H
CIOCOOHOCTH HMHCTPYMEHTOB 3MYJIHMPOBaTh pa3iIM4YHbIC NEHCTBHSA
IOJIE30BATEIIS.

C TOYKM 3pEeHUs IPOCTOTHI OTIPABKH CTUMYJIOB U HAOIIOACHHS
peakmmii  wHTepdeiic HTTP-3ampocoB  obmamaer  mydmmmu
mokazaremsimu, (opmupoBanme u aHanmuz HTTP-3ampocoB u
OTBETOB Ha HUX SBJICTCS TEXHHYECKH 0oJiee IPOCTON 3a/auei, yem
OMYJISIIUS ACHCTBHUI IOJIb30BATENs B Opay3epe — HaXKaTHil KHOIKH
MBIIIH ¥ €€ IBM)KCHUH, HA)KaTHs KIABHII Ha KJIaBHAType.

OnHako ¢ TOYKH 3pCHUS BO3MOXKHOCTH OTIIPAaBKH BCEX
BO3MOXKHBIX CTHMYJIOB M HaOJIOJCHUS BCEX BO3MOXKHBIX pPEaKLHi
NPY HAJIMYMU CKPHITOB, UCIOJIHAEMBIX B Opaysepe, IepBbIii ciocod
SIBHO IIPOMTPBIBAET BTOPOMY, HECMOTPS HA YBEIMYHUBAIOLIYIOCS HPH
9TOM TEXHHYECKYIO CIIOKHOCTb.

JI1s TOBBILICHHS TECTONPUTOJHOCTH HHTepdeiica, Kak yke
OTMEYAJIOCh BBIIIE, MOXXHO NPEINPUHUMATH YCHIIHA C JIByX CTOPOH
— 71100 TPOSKTUPOBATH NPHIOKECHHE TaK, YTOOBI MHCTPYMEHTaM
OBLIO TPOILNE MOJYYUTh AOCTYI K dIeMeHTaM uHTepdeiica, mubo
CO3/1aBaTh MHCTPYMEHTHI, CIIOCOOHBIE PAbOTaTh C MPOM3BOJIBHBIMU
untepdeiicamu. [TokakeM 3TO Ha KOHKPETHOM IpUMepe.

B nuTepaType MOXKHO HAWTH COBETHI 110 MPOSKTHPOBAHHIO BeO-
UHTep(EHCOB, HAllCJICHHbIE Ha IOBBIIICHHE TECTOMPHIOIHOCTH,
Ccpemd KOTOPBIX 4alle BCEro BCTpEYaeTcss PEKOMEHIALHs
UCIIONIb30BaTh CTATUYECKOE UMEHOBAHHE CTPYKTYPHBIX 3JEMEHTOB,
TO eCThb yKa3aHHMe 3HaueHWil aTpuOyToB id Wim nName, KOTOpbie
3apaHee OIpeJeTeHbl, a HE TCHEPUPYIOTCS IWHAMHYECKH W HE
MEHSIOTCSI BIIOCJIEICTBUY ITPHU MouduKanyy npuinoxenus. OxHako
B TOCJIC/IHEE BpPEMS MOXKHO 3aMETHTh, YTO HHCTPYMEHTHI CTald
GoJiee MOIIHBIMH, UCIIOJB30BAHNE JUIS JICHTU(HUKALNN HJIEMEHTOB
uHTepdeiica s3pika 3anpocoB XPath mNoO3BONMIIO MPaKTHYSCKH
MIOJTHOCTBIO  OTKA3aTbCsl OT CTaTH4YeCKOro HMEHOBAaHUS 3THX
9JIEMEHTOB.
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3. IIpooopa3 peasm3anuu

B  Hactosmee Bpems B MHCTHTYyTE  CHCTEMHOIO
nporpammupoBanuss PAH paspabaTeiBacTcs HMHCTPYMEHT JUIS
OIICHKH TECTOTPUTOTHOCTH BEO-TPUIIOKEHU, KOTOPBIH YUUTHIBACT
JIBa PAaCCMOTPCHHBIX BBIIIE (haKTOpa.

WNHCTpyMeHT TpemHa3HA4YeH Uil TOro, YTOOBI HA pPaHHHUX
CTaUAX MPOEKTA MO CO3JaHUI0 BEO-MPIIOKCHHS, KOTIa YK€ TOTOB
CTaTUYCCKUU NU3aiH CTPaHUI], HO MPHJIOKCHHUE CIE HAXOJUTCS B
pa3paboTke, MOMOYb BBIOpaTh HauOoOJce MOIXOMSLIMA  JIJIS
TECTUPOBAHUS UHCTPYMEHT M CIIOCOO TECTHPOBAHUS, JINOO BHIIATH
peKoMeHIauu 1o aopadoTke uHTepdelica BeO-NPUIOKEHHS, TaK
4TOOBI MOXHO OBLIO BOCITOJIB30BaTHCS HMCIOITUMUCS
HHCTPYMCHTAMU TECTUPOBAHUS.

Jns  moamepX K pabOTBI  3TOrO0 HHCTPYMEHTa CO37aHa
HHPOPMAIMOHHAS cHUCTEMA, B KOTOPOit OTHCBIBAIOTCS
MOJIZICPIKUBACMbIC PA3IMYHBIMU MHCTPYMEHTAMHU IEIH M CIOCOOBI
TECTHPOBAaHUS, a TaKkKe AaHATU3UPYIOTCI U (QUKCHPYIOTCS
OTPaHUYCHUS HHCTPYMEHTOB TECTUPOBAHMUSI, TAKHE KaK:

. BO3MOKHOCTH paboThl Ha ypoBHe HT TP-mpoTokona,

. MHTETpaLys ¢ pa3IndHBIMU Opay3epamH,

. BO3MOXKHOCTH HOAJIEP)KKH CECCHH,

. BO3MOXKHOCTh MHTepHpeTanuu JavaScript,

. BO3MOXKHOCTH PabOTHI € IMAJIOTOBBIMH OKHaMH,

. TIOJIJIEPIKKA PA3IMYHBIX COCOO0B ayTeHTU(HUKALUH, H T.1I.

VHCTpYMEHT  aHaNIM3UpyeT  CTPYKTYpy  CTpaHuL  BeO-
NPUIOKEHUS. M ONpPEACNSeT, HACKOJIBKO XOpOIIO TOT HJIM WHOU
HHCTPYMEHT CMOXeT paboTtath ¢ 3TUM HHTepdeiicoM, mocie yero
coo0maeT, Kakue TNpoOJIeMbl  MOTYT  BO3HUKHYTH  IpH
UCIIONIb30BAHUHU TEX WIJIM HHBIX HHCTPYMEHTOB.

OT0 1aéT BO3MOXKHOCTH O0JIee 0OCO3HAHHO OJ0MPaTh CIIOCOOBI
1 MHCTPYMEHTBI TECTHPOBAHMS, YTO HOJIOKUTEIBEHO CKa3bIBAETCS HA
Ka4yecTBe IPOrpaMMBbI U COKpaIaeT pacXo/bl Ha pa3padoTKy.
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Project Audits: Agile Teams Self-Assessment

Dmitry Lobasev
Agile coach
email: dlobasev@Iluxoft.com

Abstract

On a certain level of maturity every Agile team asks itself — are
we doing Agile or not? Do we comply, for example, combination of
Scrum & XP? When your company has five, ten or twenty such
teams it is necessary to track and correct them in order to provide an
appropriate company-wide level of process and product quality.

Since there is no global Agile certification in the world, many
teams created their own Agile checklists — team assessment forms to
appreciate their agility. What to do - find and use one of existed
forms or create your own — it depends on your process specific and
your experience in teams assessments. For example, Luxoft started
to use a self-assessment form from Dean Leffingwell — an author of
Scaling Software Agility book. During last three years, while we
make Agile teams assessments, we created our own self-assessment
form based on external known forms and our expertise, especially in
distributed Agile.

Our experience in team’s assessments shows us that it is very
useful both for a company in general and for each team under
assessment. For a company it creates a big picture of what is going
on in Agile projects. For a team it makes a good input data for
retrospectives and helps to warn about potencial problems that are
not visible inside a team.

Keywords: What is Agile, Teams assessment, Retrospectives,
Audits.
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IpoexTHbie Aynuthi: Cucrema Camoounenku Agile
Komanpa

Jmurpuii Jlobaces
TpeHep U KOHCY/JIbTAHT 11O
Fl/lﬁKI/IM METOAO0JIOTUAM
email: dlobasev@Iluxoft.com

Te3ucobl

Pano wim no3gHO y KaxOaoW KOMaHABI BO3HUKAeT BONPOC -
HAcKOJIBKO TOT Tpolecc, IO KOTOPOMY OHa paboTaer,
COOTBETCTBYeT Kiaccuueckomy Agile moaxony, Hampumep 9acto
BCTpeyvaroleiics komounamnuu Merononoruit Scrum + XP. Korna xe
B Balled KOMIIAHMM TAaKMX KOMAaHJ HE OJIHA, a IATh, JAECATh WIH
JIBaJIlaTh, TO YK€ IMOSBISETCS HEOOXOJAUMOCTh B TOM, YTOOBI Tak
WM MHa4Ye OTCJIEKUBATh U KOPPEKTHPOBATH MPOLECC Pa3pabOTKH B
KaXI0i KomaHze, noOuBasch HEKoW 'crammapruzanuu', W,
COOTBECTBEHHO, ONPEIEIICHHOTO YPOBHS KayecTBa.

OtcyrctBue rnobansHoit Agile ceprudukanum mnpuseno «
TOMY, YTO CYIIECTBYET JOCTaTOYHO OONbIION HabOp pa3IMIHBIX
"gexknucToB" - ompocHHKOB (team assessment forms), koropsie
MIPU3BaHbI OIICHUBATh "THOKOCTE" TOHM mim WHOW KomaHABI. Kakyro
13 CyMIECTBYIOMUX (OPM BBHIOPATH MM CO31aTh CBOIO — 3aBHCHUT OT
crenu(UKX BaIIero nporecca 1, KOHEYHO, ONBITA B OIICHKE KOMaH/I.
Tak, Hanpumep, kommnanus JIrokcoT Havajga NMPOBOJHUTH OLECHKH
CBOMX KOMaHJ 10 ONPOCHHUKY, HpeaJoKXeHHOMY JluHOM
Jlebdunrsenom B ero kuure Scaling Software Agility. 3a tpu roza,
KOTOpBIE B KOMITAHHM CYIIECTBYET NMPAKTHKA OLIEHKH KOMAaHI, MBI
CO31aM CBOIl COOCTBEHHBIH ONPOCHHK, HAa OCHOBE OIBITa Kak
CTOPOHHMX KOMAaHJ, TaKk W creuupuku pacnpeneneHHoro Agile
mporecca JIrokcodt.

Kak moka3biBaeT OIBIT, HAIM4YMe mpouecca OueHKH Agile
KOMaH/[ MOJIE3HO KaK B LEJOM JUIl KOMIAHUH, MO3BOJSIS YBUIETH
KapTHHY MO BCEM IMpPOEKTaM, TaK U ISl OTHACNbHBIX KOMaHJ,
MPEJOCTaB/IsAsl XOPOLIUE BXOJHBIE JaHHbIE JUI1 IPOBEACHHS
PETPOCIIEKTHB U TIO3BOJISS MPEXyNPEeIUTh BOSHUKHOBEHHE MHOTHX
mpobJieM, CHMIITOMBI KOTOPBIX OYEHb YacTO HE BUIHBI BHYTPH
KOMaH/IBI.

Keywords: Yro Takoe Agile, Ouenka Agile xomanz,
PerpocnektuBel, AyauTsl.
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1. Bseaenue

Ha rtexymmii MOMEHT HE CYIIECTBYET €IUHOW TIJI00aIbHOU
Agile ceprudukanmu. Buaumo motomy, uro Agile momxon
HACTONIBKO «THOOK», YTO K HEMY HeNb3s MPUMEHHTh KaKHe-TO
oIpesieNieHHbIe CTaHIapThl. TOYHO TakikKe, KaK Hellb3sl OJHO3HAYHO
CKa3ath, MOCMOTPEB Ha MPOeKT W Komanmy, "Agile" ona mmu Her,
NOTOMY 4YTO KaXIbIii HOBBIH MPOEKT IIOJ KaXXAOr0 HOBOTO
3aKa3ypka OyJgeT YeM-TO OTJIMYaThCs OT npenpinymunx. OpHako,
CYIIECTBYET AOCTATOYHO OOJBIIOI HAGOP PA3INYHBIX «YEKIUCTOBY,
KaK MPaBIIO COCTAaBJICHHBIX MpakTHKyommMu Agile skcrepramu,
HUMEIOIIMMH OOJBIION OMBIT PaboThI C Pa3sIMYHBIMH KOMaHIAMH H
3aKa3IUKaMH.

2. Ayant niau Ouenka?

Mpbl TpUBBIKIM, 4YTO 4Yalle BCEro, KOTAa pedyb 3aXOIUT O
MIPOBEPKE YET0-TMO0 Ha COOTBETCTBHE 4eMy-JIN0O0, HA3bIBaTh 3TO
ayauTOM. A denoBeKa, KOTOPBIH ayAWuT MPOBOAWT, ayauropom. U
3BYYHT BCE€ 3TO HACTONBKO (OpPMabHO, YTO OCHOBHBIC IIEJIH
MIPOBEPKH OOBIYHO TEPSIOTCA: KOMaHIa BO TJIABE C MEHEIKEPOM
IIPOEKTa CcTapaeTcst MoAAenaTh (AKTBl IIOJ  COOTBETCTBHE
NpOBEpPKaM,  HampuMep, Co3[aBas  MakeTbl  HEOOXOAUMBIX
apredakToB. 11 koMaHa BOCIIPUHUMAET ayAUT KaK MPOCTO JIMIIHUE
3a00TbI, KOTOpBIE JINYHO el (KOMaHJe) COBCEM HE HYXHBI - JalTe
IIPOCTO CIIOKOWHO paboTaTh.

Ho Benp n3HavanpHO IeN1b ayiuTa ObljIa HOCMOTPETh, KaK YT
Jela B TPOEKTe, W MpPU HEOOXOJAMMOCTH, Ha OCHOBE OIbITA
ayAnTOpa, AaTh TPAMOTHBIM COBET, KOTOPHII OB OBl BOCHPHHAT
KOMaHIIOW ¥ CIOcOOCTBOBaN OBl MOBBIMCHUIO 3(P(PEKTHBHOCTH ee
paboTEL.

[ostomy, octaBmsas ayautel st CMMI 1 mpounx GpopmanbHBIX
Mogzenei, s Agile komana, KOTOpBIE O CYTH CBOSH MaKCHMaJIbHO
HedopMabHbIE, 00Jiee Pa3yMHO HCIIONB30BaTh TepMuH OueHka. U
MO3UI[OHUPOBATh OLEHKY CJIEJyeT B KauecTBE IOMOIIM KOMaH/[e
00HAapYXUTh HEsSBHbIE MPOOJEMBbI, 1aTh BXOJAHBIC JaHHBIC JUIS
PETPOCIIEKTHB.

Ho Bce-Taku OCHOBHOE OTJIMYHE OIIEHKH OT OOBIYHOTO ayJauTa
3aKJII0YaeTcsl B TOM, YTO HE ayJHMTOp, a CaMH YIICHbl KOMAaHJbI,
BBbIpakasi CBO€ JIMYHOE U HE3aBHCHMOE MHEHHUE 110 TOMY HJIH HHOMY
BONpoCy, (OPMHUPYIOT pe3ynbTaThl OLEHKH, KOTOPBIE IOTOM
0000IIafOTCS M TOKa3blBAIOT OYEHb PEAMCTHYHYIO KapTHHY
MIPOEKTA.
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3. Ilenn mpoBeneHHe OLEHKHA

31ech MOXKHO BBICIUTE ABE IPYIIIBI LeJeld, eId KOMIIAHHH 1
LM KOMaH/BL.
JUJ1s KOMITAHHH TIPOLIECC OLICHKHU MO3BOJISCT:

e lIMeTh MOJNHOE U INIABHOE PealbHOE MPEICTaBICHHE O
TOM, YTO IIPOUCXOJUT B MIPOCKTAX KOMIIAaHHU;

e OrtcnexuBaTh W MOJJIEPXKUBATh  ONpEICIICHHBIN
YpOBEHb KauecTBa MPOEKTOB, H, KakK pe3ylbTar,
BBIITyCKAeMBbIX IPOIYKTOB;

e [lokpeiBare CMMI mpakTuky He3aBUCHMOHN MPOBEPKH
kagecTBa mporecca - Process and Product Quality
Assurance (PPQA).

JUi1s KOMaH/IBI JKe, OLIeHKa MO3BOJISICT:

e IlpexynpeanTb BO3HHKHOBEHHE 4YacTH HpoOieM,
MOTOMY YTO B OONBLIMHCTBE CIIy4acB CHMTOMBI HE
BUIHBl BHYTPH caMOd KOMaHIbl, HX MOXXHO
OOHapYKUTh TOJILKO NP BHEIIHEM aHAJIN3E;

e [IOBBICHTBH «3pENOCTh)» KOMaH/IbI 32 CYET IPUMEHEHUS
HOBBIX  HEHCIIOJNIb3YEMBIX  IPAKTHK,  KOTOpBIE
cogepkarcsi B (opme ompoca. ITO ONATh  IKe,
MO3BOJISIET JIepKaTh BCE IPOEKThl KOMIIAHHUHM Ha
Ka4eCTBEHHO OJIHOM YpPOBHE;

e lIMerh BXOJHOW HAOOp JAHHBIX JUISL PETPOCIIEKTHUB —
OYEHb YaCTO YICHBI KOMaH]l YKa3bIBalOT KOMMEHTAPUH
K BompocaMm, Oojee mNOAPOOHO BBICKa3bIBas CBOE
MHEHHE.

4. Yrto oneHuBaercs

OmeHka OOBIYHO OCYIIECTBISIETCA IO JABYM HAIPaBICHHAM:
COOTBETCTBHUE MpOIecca pa3padOTKH B KOMaH 1€ IPUHIIUIIAM THOKON
paspaborku (Agile Manifesto) u Hanmuunme NpPaKTHK OIHOM WM
HECKOJIbKUX THOKMX MeTojoJjiornii. Ecmu B mepBoMm ciydae
MIPOBEPSETCsI, HANpHMEP, BOBIICYEHHOCTh 3aKa3uyMKa B IPOIECC
pa3paboTku (y4acTHe B MHTHHraX, IOCTOSHHBIH KOHTaKT C
pa3paboT4rKaMu), TO BO BTOPOM cCiyd4ae 3TO (PHKCHPOBAaHHOCTH
JUIMHBl WTEpallid WIA HAaIHCaHHEe MOJIYJIBHBIX TECTOB HAa BEChH
HOBBIH KOJI.

Panee ynoMuHamoch, 4To HE CYyHIECTBYET CIAMHBIX HapaMETPOB
ouenku Agile mpoextos. Kaxaast KoMnanus BEIOUPAET MOIXOISIIHE
O]l CBOM MpolecC KPUTEPUM, HA OCHOBAaHMM KOTOPBIX U
MPOBOIUTCA OIICHKAa. TakuMm oOpazoMm, Hampumep, KOMaHIa
Jrokcodr, HaOpaBmas 70 GaytoB, MOXKET OBITh HUYIYTh HE «OoJee
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rubkoit», ueM komanga IBM, nabpasmas 50 6amnos. [Toromy uro
HCIIONB3YIOTCS TPUOIU3UTEIHLHO OIMHAKOBBIC, HO B TO K€ BpEMs
pa3Hble KpUTEPHUHU OLICHKH.

5. ®opmat npoBeieHHe OLEHKH

B o0mem Bupe MNpoBEACHHWE OICHKA KOMAHIBI BBITIISIUAT
cnenyronuM oopaszom. OIeHKa POBOJAUTCS Ha PETyIAPHOI OCHOBE,
Ha4yMHasi OT OJAHOTO pa3a B JIBE UTepalu (IJi1 HOBBIX KOMaHI) A0
OJIHOTO pa3a B penu3 (s OoJjice ONMBITHBIX). BaKHO HANIOMHUTH
KOMaH7le, YTO ONpOC B MpPHUHIUIE AHOHHUMEH, T.€. COOTBECTBHE
(dammnusg-aHkeTa HE XpaHUTCA HUTIE, KPOME TIOYTHI YEJIOBEKa,
KOTOPBII TPOBOIUT OTIPOC.

BceM uieHam KOMaHJBI pacchUIAeTCs OMPOCHHK, B KOTOPOM Ha
Kbl BOIIPOC MOXHO BBIpa3uTh cBoe MHeHHE (0T 0 10 5 wim ot
Hukorma no Bceerna), a Taxke yka3zaTb KOMMEHTapHH, YTOYHSIOLTHIA
OTBeT WK OoJiee MOJTHO ero packpeiBaromwii. Ilocie Toro, kak BCs
KOMaHJa 3alloJIHMAIAa aHKeThl, (OPMHUPYETCS CBOJHBIA OTYET,
KOTOpPBII MMOKa3biBacT oOmui Gamn komauasl (ot 0 mo 100) u
yCpeNHEHHbIE Oa/ulbl 1O TpyIIaM BONPOCOB  (HAmpuMep,
[TnanupoBanue wiu MHxkeHepHbIe IPAKTUKH).

dopmMmaT npeCTaBICHUS PE3YILTATOB MOXKET OBITh PA3IMUHBIM,
HO 4dame BCEro WCIONB3YIOTCS CIEAYIONINe BapHaHTH, B
3aBHCHUMOCTH OT YPOBHS TPYIITUPOBKU BOMPOCOB:
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B3aMMOABHCTEME M/
KOMaHAZMA

B3aumMOABHCTENE ¢
sakazmkOM

WTepaTHEHOCTE PaspalioTka
Xopome NPakTUKON SBIAETCS IyOJHKAaIMsd BHYTPH KOMITAHHH
Tabionmga — peUTHHra NPOEKTOB, KOTOPBIM COMACPKHUT Ha3BAHUS
MIPOEKTOB U nx o0mue 6anibl. [IocKoIbKO MpoIece OLEHKH KOMaH
HENPEPHIBHBIH, TO MON0KEHUE TOTO WIN UHOTO MPOEKTa B PEUTHHIe
4acTO MEHSETCs], CO3AaBas HEKUU OyX copeBHOBaHMU. boinee Toro,
3a [IEpBOE MECTO II0 pe3yabTaTaM MecCsLa, MOXKHO JaBaTb KOMAaHIE
LEHHBII NpU3, HAIpUMeED, B BUIe KHUrH OT Agile guru.

6. 3akiaroueHme

Kak moka3pIBaeT OMBIT, HadMYnWe CHUCTEMBI OIEHKH Agile
KOMaHJ[ HO3BOJISIET MMETh IMOJHYI0 W PEATHCTHYHYIO KapTHHY C
COCTOSIHUEM TIPOCKTOB B LIEJIOM IT0 KOMIAHHUM, a TaK XK€ JCTaIbHbIC
JAHHBIE OT UIEHOB KOMAHIBl OTHCIBHO B3STBIX IIPOEKTOB, HYTO
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MIO3BOJISIET OLCHUTh HE TOJIBKO IPOEKT B IEJIOM, HO M BBISIBUTH
TPEBOKHBIE MOMEHTHI, KAacaloUmIMeCs OTHACIbHO B3STHIX 4JICHOB
KOMaH/IBL.

besycioBHO, cucTeMa OLCHKH JOJKHA 3BOJIOIMOHHUPOBATH CO
BPEMEHEM M 00S3aTEIbHO YYUTHIBATH KOMMEHTApPHH UICHOB
OLIEHMBAEMbIX KOMaHJ], KOTOPBIC OYEHb YacTO OBIBAIOT JOCTATOYHO
Ba)KHBIMH.

Ho B TOXe Bpemsi, HUKakasi CHCTeMa OIIEHKH He rapaHTUpyeT
BaM ycIexa Balllero NpOeKTa, Jaxe eciu KomaHaa HaOpama 100
6amoB n3 100. Dro Bcero mmmb 1udpsl. OnHAaKo, AETaIbHBINA
aHaM3 pe3yJbTaTOB OLIEHKH, OT 00mero (KoMaHaa) K 4acTHOMY
(uenmoBek), OyAeT XOpOIUUM IOMOLIHUKOM IS  YJyYIIEHUS
mpomecca  pa3pa0OTKH — Bamlero  INPOEKTa W TIOBBIICHHSA
3¢ PEKTHBHOCTH PaOOTHI KOMAHIHI.
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Segmentation of IT customers on internal market
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Abstract

The increased attention given to information technology in
the business environment has propelled information systems (IS)
and IT Departments into prominent positions in many firms. Yet,
little is known about how IT Departments exercise communications.
The value of ISs is losing in IT Departments, which plays
considerable role in the value chain from vendor to corporate
customers. Poor communication effectiveness of internal IT
departments has a bad influence on how IS will introduced and
exploit. This paper addresses that gap through its focus on one
research question: Who are the customers of the services IT
Departments provide? In the paper, we use Electronic Document
System consumption data as our model building samples and
present a modeling framework for building segment-level predictive
models that utilize pattern based clustering approach and signature
discovery techniques. We devise fluctuate-rate matrix to study
various modes. Through clustering on this matrix, we uncover
different customer characteristics. Utilizing these characteristics, we
can build two-dimension Consumption- Based customer
segmentation model.

Keywords: Organizational engineering, IT management.
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DyHKUUA UK yeayra?

(BHyTpeHHMIi PbIHOK YCJIYI' B OPraHU3auMu.)

UeMm 3aHMMAaeTcsi KaxI0€ IMOApPA3ACICHHE B KOMITAHMH?
BEINoHAT BO3/10’KEHHBIE HA HETO (DYHKIMH, TOBOPUT KIIACCUUECKHUN
MeHE/KMEHT. Ho mnoHsATHe (yHKIUM IUIOXO CBSI3aHO C TaKUMHU
CMBICIIOO0pasyomuMH Uit Ou3Heca HAESIMH Kak pe3yiabTaT u
3¢ PeKTUBHOCTD. J[eHCTBUTENBHO, YTO 3HAYUT XOPOIIO BBITIOJIHUTH
cBoro (QyHkuo? Y (QyHKIMA HET 3aKa3yhka W MOTPEOUTEIs.
[MosTomMy Haumnas ¢ 80-X rOAOB IMPONUIOTO CTOJETUS (DYHKLUH,
BBINIOJTHAEMBIE ONPEACICHHBIMH TTOAPA3ACICHNUSIMUA B OPTaHU3AIIH,
HaydaJld pacCMaTPUBATHCS YNPABICHYECKOW HAYKOM KakK YCIYTH,
MIPEAOCTaBIISIEMbl BHYTPH OPTaHU3AIMH. DTO MOTYT OBITh YCIYTH IO
MIPOCKTUPOBAHMIO, 3aKyNKaM, Oyxrantepckomy ydery u T.m. C
MIPUXOJIOM TIEPCOHATBHBIX KOMITBIOTEPOB IOSBHJICS HOBBIH BUI
BHyTpuKopriopatuBHbIX ycayr WT, morpeburensiMu  KOTOPBIX
CTaJIi COTPYTHHUKH ITOYTH BCEX MOJIpa3/ieNeHUil KOMIaHUN.

Takoll B3MIAN Ha  IPOLECCH, NPOUCXOIAIIEE BHYTPU
OpraHM3aIiy, MOOYANT aBTOPOB JAHHOW CTaThbU K HOBOMY B3Iy
Ha OTHOIIGHUS MEXIy IIOCTaBIIMKaMU M  IMOTPEOUTEISIMU
BHYTpPEHHUX yciayr. KiroueBBIM OIS 3TOTO aHalu3a CTaHOBUTCS
TIOHATHE - «PBIHOK BHYTPEHHHX YCJIyr». BeIb eciim 3TO pBIHOK, TO
JUISL TOTO YTOOBI Ha HEM YCIIEIIHO paboTaTh CIEAYET €ro IMOHSATh U
OoXapakTepu3oBaTb. B 3TOM  KOHTEKCTE  BO3HHMKACT P
MIOCJIEIOBATENIFHBIX ~ BOIPOCOB. Hampumep, K KakoMy THILY
MaccoBbrii (B2C) wmm xopnopatuBablii (B2B) oTtHOcHTCS 3TOT
PBIHOK? Kaxosa cnenuduka KOMMYHUKaLUH MEXAY
MOTPEOUTENSIMH M TIOCTAaBIIMKAMM Ha 3ToM poiHKE? EcTh 1
KOHKYPEHIINS Ha 3TOM pPBIHKE?

ITIL u peanpHas )XKU3HB
PaccmoTpum Oonee MoJIPOOHO 9TH BOTIPOCHI
npuMenuTtenbHo K UT-nogpasneneHuto u K yciyram, KOTOpbIE OHO
OKa3blBa€T BHYTPU OpraHuzanuu. lcropuyecku paccMOTpeHUe
JeSITeIbHOCTH UT-nogpaznenenus, Kak CEPBUCHOTO,
TIPEIOCTABIISIONIETO YCIIYTH, PA3BUBAJIOCH CIEAYIOIINM 00pa3oM:
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Q B 1986 TOay ATEHTCTBO CCTA
(BenukoOputaHus) pacueHuIo 3aTpaTsl
npaButenscTBa Ha WT kak Beicokne (okono £8
MJIPJ/TOJT) ¥ HHULIMUPOBAIO PabOTHI M0 U3YUSHHIO
ombiTa B obmactu I T Service Management;

Q Basrycre 1989 rona, poxunocs Haszsauue ITIL (IT
Information Library), kak o0nactu 3HaHUI,
NpefHa3sHaYeHHOH Uil KOHCONMIALMU |
MOCJIEAYIONIEH CTaHAapTH3ANK Bce MH(POPMAINN
10 IAHHOMY BOTIPOCY B OMOJIMOTEKH KHHUT;

O B 1992 roxy Havata myOJIMKaIUs MEpBOW BepCHH
ombnmmorekn. B pa3paboTke CHIIBHO TTOMOTIH
TOJUTAHIIIBI 90-¢, cepeanHa ITIL
pacnpocTpaHseTcs 3a TIpeesbl
MPaBUTEILCTBEHHBIX OpraHU3alWil W 3a Tpenelbl
Benuxobputanuuy;

Q k 1998 romy omyOiMkoBaHA IOCIEOHSS KHUTra
nepBoil Bepcun (Bcero 34 xuuru). MHummuposax
MIPOEKT IO OOHOBIICHHUIO OMOIHOTEKH;

Q B cenraOpe 2000-oro omyOnukoBaHAa TepBas
KHUTa BTOpoi Bepcuu. A B HosOpe 2004,
MyOJIMKOBaHA MOCJIEAHAS KHUTa BTOPOW BEPCHH
(Bcero 8 KHHT).

Takum oOpazoMm, k 2004 rogy ObuH (hopManH30BaHBI
npoueccel npenocrasieHus WUT-ycmyr. Ho BHegpenuwe meromauku
ITIL mo cux mop ocraercst CIOXXKHOU 3agaueil. Ilo MHEHHIO aBTOPOB,
OCHOBHO# Ipobaemoil npu BHeaperuu I TIL sBnseTcs oTcyTcTBHE B
Hel TOHATHS «kiueHTa». Yciayrd ITIL moJHOCTBIO MTHOPUPYIOT
Bce, 4yTO ObUTIO pa3paboTaHO B MapKeTWHTE, HaunHas ¢ 60-X TOJ0B
MIPOIIJIOTO BeKa, BKJIIOYAs Takwe Oa30BbIE MOHITHSA KaK MPOIYKT-
Mmukc (4P), brand, w.t.m.

He ynauBuTensHo, 4YTO Takoe Yy3KO-TEXHOJOTHUYECKOE
paccMOTpeHHe MPOOJIEeMBbl CO3aHHUS CEPBHCHOTO IOJpa3ieieHHs
CTUMYJIMPOBANO aBTOpHUTapHbIi moaxon WUT-pykoBomutenel, Tak
KaK, pbIHOYHbIE  MEXaHU3Mbl  (OPMHUPOBAHUS  YCIyr  He
MIPUHUMANTUCh BO BHUMaHue npu BHeapeHmw ITIL. B wurtore UT-
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YCIYTH BHEIPSUIMCH TOJBKO Kak MOHOIONUS M HYXJAJIHCh B
PETyIATOPHBIX Mepax CO CTOPOHBI T'eHepalbHOro aupekropa. Kax
TONBKO 3TH Mepbl ociabeBanu WT, kak yciayru, mnepecraBajiu
CYIIECTBOBATH.

Yupasnerne TpeOoBaHUAMA

C ppyroif CTOpOHBI B TEUCHHE IOCIECOHHX 7 JEeT IO
MaHHBIM aHAJIMTAYECKOro aredrcTtsa Gartner OroKeTel Ha
BHeapeHne HOBBIX UT cucrem, MHpOpManmonHyt0 6€300acHOCTD H
UT-unppactpykrypy pactyT u3 roga B rox Ha 7-10% mpoueHTOB.
W3 3TOro MOXKHO cenaTh JBa Ba¥KHBIX BBIBOJA:

e o6OocHoBanme wHBectuiuii B WT cTaHOBHTCA BCe
Gomee  chnoxubeiM. ['enepampHOMy  JlupekTopy
CTaHOBUTHCS BCE TpyJOHEE NMOHATH 3arparhl Ha UT-
MPOEKTHI 1 3KcITyaranuio UT-cuctem;

e pacrer koinuuectBo MT-cucrem B opraHusanuu, a
3HAUUT, pacteT u KomuuectBo HMT-ycmyr 1no
npejocTaBieHnIo nocryna Kk ¢ynkuusm UT-cuctem
JUISl pa3iIUYHbIX [OAPA3cIICHUN.

B 3710l cBsI3M B OpraHu3anyy pacTeT 3HaueHue Jlupekropa
mo UT B oprammzamuu. MMeHHO oH oOmaercs ¢ ['eHepaapbHBIM
HupexropoM, FOpucramu, ®ruHaHCOBBIM J{UPEKTOPOM U TIOMOTaET
pemnth uto «Jloporo», a uro «JlemeBo» uro 3pdexkTuBHO, a UTO
HET TpU pEUICHHH MpobjeM KOMIAHHM WM KaXJIO0ro H3 ee
moJipa3/ieNieHuil. Anpuopu He TOHATHO, Hampumep, WT-mpoekt
croumocThio 200 ThIC. NOJUIAPOB W MPOAODKUTEIHHOCTHIO 6
MECSIIEB — 3TO JAOPOTOil MPOEKT WM JeImEeBBIH? A eciu 6e3 3Toro
MPOEKTa HEeNb3s caenaTh oT4yeTHOCTh Mo MC®PO u KoMmaHus He
CMOXKET MPOUTH MEXAyHapoaHbIH ayaut? KTo pemiaer, agekBaTHbBI
JIM CPOKH, 1I€Ha U 3aJjauyl, pelIaeMble Ul TAKOro MpoeKTa’?

Pemenne 1om00HBIX BOIPOCOB TpeOyeT WHTEHCHBHOTO
B3aumogeiicteus WUT- u renepansHOoro aupexkropos. OpaHako, B
nofo6HeIX  auckyccwsx — UT-Jlupextopamu  Kak — IIpaBHIIO
UCTIOBEYeTCs TT0/IX0/1, HA3bIBAEMBbIi B TUCIUILIMHAX 110 pa3paboTke
MIPOTPAMMHOTO OOECIIEUECHHUS «yIpaBiIeHHE TpeOOBaHUAMMY. [l
JupexkropoB no MT Takoii moaxox B OTHOLIEHUM K 3aKa3uuKy
MPEACTAaBISIETCS  €CTECTBEHHBIM  OOOOIIEHHMEM WX  OMBITa
pa3paboTYMKOB TMPOrpaMMHOTO obecriedenusi. OmHAKO, MPaKTHKA
MTOKA3BbIBAaET, YTO TAaKOW MOIXOA OBICTPO 3aBOJUT B TYIIUK BCE
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MIEPEroBOpPLl O BBIACICHUU Orojkera. [IpuymHA B TOM, 4YTO JUIS
MMOCTAHOBKH BBITIOJHUMBIX TpeOoBanuii k UT-cucteme HE0OX0AMMO
MOHUMATh €€ BO3MOXXHOCTH. Ha mpakTHke k€ OKa3bIBaeTcs, 4YTO
TpeOOBaHUSA WCXOMAT W3 TMPEACTABICHHH O THIOTCTHICCKUX
Bo3MoxHOCTAX UT-cucrtemel u nostomy craBat UT-Iupekropa B
TYIHK.

IIpaktuka HCIOJIb30BaHUs MOAXO0Ja  YIPABJICHUS
TpeOOBaHUSAMH  TIONB30OBATENCH, MpPUMEHNMas B  pa3paboTke
MIPOTPAaMMHOTO 00€CIeUeHHs, MPHU PEUICHUH KIFOYEBBIX BOIIPOCOB
pasButua UT B paMkax opraHun3aluu OKa3blBaeTCs TyNUKOBOMl. W
noHATHOo nouemy. HawmBHoe  crpemnenue  UT-upexropa
YAOBIETBOPUTH BCE TPEOOBAHUS CBOUX KIIMEHTOB, MOTPEOUTENCH HI
KaK HE YYMTHIBAJIO OIBIT XOPOIIO MPOPAOOTAaHHOTO B MapKETHHIE
MOHATHSI  KJIUEHTOOPHUEHTUPOBAaHHOCTH. C  TOYKH  3peHus
MAapKETHUHIa KIMEHTOOPUEHTHPOBAHHOCTh — 3TO yMEHHE CO31aTh
0KMJAHUS Y BBIICJICHHONM 4YacTU KIMEHTOB W NpeB30UTH uX. U3
3TOr0 ONPENENEHNUS CIENYET JBA BaXKHBIX BHIBOJA:

e  UT-/lupexropy HYXHO YIPABIATH HE
TpeOOBaHUSIMH, a OKUITAHUAMHI CBOMX
MOTpeOUTENICIH;

® TONBKO TIPEBHIMIA OXUOAHUA (IO CpOKam,
3arparam, W.T.IL.) MOYKHO IIOKa3aTh
JOTIONTHUTEIBHBIC  PE3yNbTaThl W ONpaBAaTh
JIOTIOTHUTEBHBIC 3aTPaThl, KOTOPhIe HEHU30EKHBI
B moboMm UT mpoekre. B oTmuunu ot oxxugaHwid
TpeOOBaHUST HEIb3s MPEBBICHTh, HM MOXKHO
TOJBKO COOTBETCTBOBATH 5 R0 HE
COOTBETCTBOBATb.

KnuentoopueHTanus B KOMMYHUKAIUIX

Paccmotpum Gonee nmoapoOHO KOMMYHHKaMo Mexxay UT-
Hupextopom u I'eHepanbHbIM JIUpEeKTOPOM C TOUYKU 3pEHHA
pasBuTHus opraHuzanuu. OdeBuaHO, uTO [eHepanpHBIH JlupexTop
YaCTUYHO JEJIErMpYyeT IOJHOMOYMS IO NpUHATHIO pemeHud WT-
Hupexkropy.  UYactuunocts  penerupyembix — UT-/Iupextopy
MTOJTHOMOYHH 00yCIaBIMBaeTCs €ro chepoil KOMIETEHINH, TO eCTh
WT. Ho, UT-/TupexTop omnpenenseT He caMm s cedst passutue UT B
opranuzauuy, kadecrso UT, cocras UT-ycnyr, u.t.n. UT noskHbI
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COOTBETCTBOBATh  PA3BUTUIO  JAPYIMX  BHAOB  JIESTEIBHOCTH
OpraHM3allid M, B MEPBYIO OYepeAb KOMMEPUECKOH, KoTopas
HEPENKO CUIBHO 3aBUCUT OT Bo3MoxxHocred WT. Ilomyuaercs
3aMKHYTBIM Kpyr. B 3TOM 3aMKHYTOM Kpyre KTO-TO JOJDKEH B3STh
Ha ce0s poJIb MEPBHIM MPEIIOKUTH HEOOXOIMMOE PEIICHHE.

PazopBarhk 3TOT 3aMKHYTBIM KpPYr MOXHO €CJIM CHOBa
onepercss Ha MoHATHE KiueHToopueHTauuu. Ecnu UT-aupexrop —
NIpOJaBell, a FreHepalbHbIA TUPEKTOP — €ro KIMEHT, TO uMeHHo UT-
TUPEKTOPY MEIeco00pa3HO MPEIIOKUTh HEOOXOIMMOE PEIICHHE. .
Nmenno UT-/lupektop nomxeH co3mate Te oxuaanus ot UT,
KOTOpBIE OH CMOXET BBINMOJHUTH. M3 astoro crnemyer, uro UT-
Jupexkrop pomkeH npemioxutrs WT-pemenus I'eHepaibHOMY
Hupexropy. Takoe mnpemnokeHue BeIET K JONOJHUTEIbHBIM
3aTparaM U paccMarpuBaercs [‘eHepanbHbIM JlupexkTopoM Kak
NPENJIOKEHUE  COBEPIIUTH IMOKYyNKy, a Jwupexkrop mno MUT
paccmaTtpuBaercss Kak npogasen WT-pewmeHuil. OTOT BBIBOA
MPUBOANUT HAC K TOMY, YTO paccMOTpeHHe B3aumopewctsus WUT-
Hupexktopa n I'eHepampHOro Jmpekropa Oyzer 3¢ ¢heKTHBHBIM
Tonbko, ecnu UT-/lupekTop cyMeeT UCrosb30BaTh HAKOIUICHHBIN B
MapKeTHHI€  ONBIT W  TEOpeTHYEeCKWe  3HaHus,  Oyner
MOJrOTOBICHHBIM POJABLOM.

Pa3zBuBass npuMeHEHHs MapKETHHIOBbIX KOHILIENIUN K
koMMyHuKaiusaM HMT-Jlupekropa BHYTpU OpraHu3alldd, HYXHO
OTMETHTb, YTO OrPOMHOE 3HAaYCHHE B HEM HMEIOT (aKTOPEHI
BpeMeHU M si3bika. ['eHepanbubiii Jupexkrop He nmact Oonee 5 -10
MUHYT Ha OOBACHeHMA W He OyAeT BHHUKaTh B TEXHHYECKHE
TepMHUHBL. [l03TOMy HEOOXOIMMO IOATOTOBHTH M OTPENETHPOBATH
KOMMYHUKAIMOHHYIO HJIEI0, KOTOPYIO BBl XOTUTE JOHECTH.
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Hamee B Tabnmme 1 mpuBeneHsl JBa  IOpUMEpa
KOMMYHHUKAIIUOHHBIX HAEH MPOCTOr0 TEXHHUYECKOro MpPOAYKTa U3
kHuru [x. I'punnepa.

Mopnens A. Mopnens b..

[o3ppasnsto Bac, Bel Tompko | DTOT MeXaHH3M COCTOHT W3
YTO KYNOWIM BEJIMKOJICIIHBIM | IPOCTOM LENH, COEAMHSIOIECH
¢onapuk «OBepmaiiTy. Hudero | mcrounuk Toka (aBe Oatapen
HeT mpomme Bamero ¢onapuka | «Cy, BKITIOYCHHBIC
«OBepmaiity - Bam Hamo | mocienoBaTeNFHO) € JAMITOH
TOJIBKO Ha)KaTh Ha CEpPeOpSIHYIO | HaKaJMBAaHUS, IIOMEIICHHOM B
MOJIOCKY CO CTOPOHBI CTEKJa. | KOHIe  MexaHu3Mma. IIpocras
I'otoBo! Tenepr Bam cBetno | ckosb3dmias PYKOSITKa,
Jaxxe B aOCOJIIOTHOW TEeMHOTE. | MPOJABMHYTas K KOHIy, TJe
He 3a0yapre, uTO mepes | HAXOAMTCS  JlaMIa, 3aMBIKaeT
BKIIFOYCHUCM HaJ0 BJIOXKUTH B enb u BKJIIOYACT Jlam11y,
9TO YCTPOMCTBO B OaTapew. C03/1aBasi HICTOYHUK OCBELICHHUSL.

Tabmuua 1. KomMmyHnkanuoHHas ujesi poHapuka.

W3 mpumepos B Tabnume 1 oueBugHO, uto «Monens by He
roguTcs Uil KOMMYHUKauMH c ['eHepaibHbiM JlUpeKkTOpoM U
BOOOIIE C HE CHCHHUAIACTAMH, OJHAKO WMEHHO K TaKOMY THITY
oOpsicHeHu# ckioHHBI TpuoOerats UWT-cmemmanmcter. CTOWT 1M
VAMUBIISATHCS TOMY, 4TO [ eHepaabHBIA AUPEKTOP HE XOYET MOKYyNaTh
Takywo UT-ycayry.

Bropoit acmekr -- MOXHO TPUAYMaTb UICAIBHYIO
KOHIIENIMIO TO3WIMOHUPOBAHMSI, HO HE CyMETb €€ JIOHECTH.
IToaTOMy, HECOMHEHHO, Ba)KHBIM SBJSIETCS BOMPOC O KaHAlax u
crocobax KOMMyHHMKanud. Hamo OTBeTUTh Ha  CJCAYIOIIUE
BOTIPOCHI: 3TO OymeT ciy)keOHas 3ammcka MW IPe3CHTAIHs
MpoeKTa, OHa OylIeT BBIPaXXEHAa B CIOBECHOW WJIM BH3YAIbHOM
¢dopme? Uem B Goubiueit crenenn UT-nmupexTop cyMeT HOHSTH, Kak
Oyzner «ymoOHei» BOCIPUHHMATH MPEANONAracMylo HWH(POPMAIIHIO
€r0 «KJIIUEHTY», 4eM C OOJbIIEH Pe3yIbTaTHBHOCTHIO OH CIIPABUTCS
C NIOCTaBJICHHOMU 3aJjauei.

Cepbe3HOe OTHOIICHHWE K pe3yiabTaTaMm JIIo00Tro MpoeKTa
TpeOyeT CHCTEMHOTO MOAX0Ja K KOMMYHHKAIHIM. MHPOBOH OMBIT
nu Takue rypy kak C.Jllutepc, moxaszamm, uro Haubosee
MIPOIYKTUBHBIM SIBJIIETCS OTHOIIEHHE K MPOEKTY Kak K OpeHmy.
Cnenyss TpeJIOKEHHOHM  WICOJOTHM HA  MPOEKT  JOJIKHBI
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pacrpocTpaHsThCsl TakMe BaXKHbIE CBOWCTBa OpeHja  Kak
y3HaBaEMOCTh M JIOSIILHOCTh TOTpeOuTeneil. Mbl uis peleHus 3Tor
3aJa4d WUCIIOJIB3YyEeM XOPOIIO 3apeKOMEHIOBABIIYIO CE0sl MOJENb
munepcta, Leadership Equity Models (LEM). Ilo cyrm, 310
Kinaccu(uKanusd KOMMYHHKAIMOHHBIX CTPAaTeTHil, OCHOBAaHHAs Ha
aHaIN3€e BELYIINX MUPOBBIX U POCCHHCKUX OPEHMIOB.

Cornacao LEM, cymecTByer deTsipe MOIENN MOCTPOCHUS
MOJENN IMAEPCTBA B MNPOEKTAaX, KOTOPHIE YCIOBHO HAa3bIBAIOTCA
Power, Identity, Community u Explorer. Bce onm oGmamaror
ONpENeTCHHBIME  TIpU3HAaKaMu M TpeOyloT TOW WM HMHOU
MOCTIEI0BATENbHOCTH JCHCTBUI B KOMMYHHMKALIUU C MOTpEOUTENEM.
Msuoro UT-npoekToB OBIBAaIOT HE yCHENIHBIMU H3-3a TOro, uto MUT-
JUPEKTOpa HE YYUTBHIBAIOT MOJEIb JIMAEPCTBA, HA KOTOPYIO
OPHEHTHPYETCS] UX KIMEHT — FeHepalibHbIi AupekTop. B tabnune 2
IIOKa3aHbl MOJENU JIuAepcTBa mnpumeHutenbHo k HT mnpoekram,
KOTOPBIE XapaKTEPHbI AJS TONM-MEHEIPKEPOB KOMMIAaHUU. B kaxmoi
U3 HHUX pa3HOE TO3MIUOHUPOBAHME PE3YIAbTaTOB IPOEKT H
KOMMYHUKaI[OHHAS CTpaTerusl. JoxkasaHo, 4TO
KOMMYHUKAI[MOHHAs CTPATETUsl BBIUTPBHINIHAS B OAHOHM CHTyaluH
MOJKET IIPUBECTH K Kpaxy B JPYTOM.
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Power Identity Explorer Community
LeaeBas Hennrenu OpuenrupoBanubsie | HoBatopsl YHuBepcanbHas
ayIuToOpus HauOounpIIel | HA SMOLMH

TIOJIB3BI
Ho3unmonup | Jlyymmii CaMoBbIpaXKeHHe, Hocturaun Oco3HaBaTh ce0s
oBaHHe pe3ynbTaT y3Hai ceOst Oopmiero Y4acThIO
pe3yabTaToB 6ostbIeTo
MpoeKTa
Kak Jlyumiee Hcnonp3oBanue OpueHrarus Cozmanne
KOMMYHHMIIM | PEIICHHE SMOIMOHAIBHBIX Ha HOBBIE | MICTOPHH,
poBarh? KOHKPETHOH | IIEHHOCTEH BO3MOXKHOCTH, | KYJIGTHBHPOBaHHE

poOIIeMbI MOTPeOUTENS pe3ynbTar CHMBOJIOB u

BCerna ¢ | atpudbyToB
TLUTIOCOM
IpumepsI Tide — | Meradon — | Intel — | Crpana Marlboro
TPaIHIHMOHH | BCErza bynymiee 3aBuCHT | BOCIUTaHUE
oro u MHT | GenocHexHoe | OT T€Os MaJIeHbKUX Open Source ERP
PbIHKA 6enné Oiamrreitnos | (Millennium
MS Dynamics BSA,

1C SAP R/3 Compiere)

Byxrantepus

— TporpaMma

ULt

peanbHBIX

JIIPEKTOPOB

Models,
*

CICAYOINUX CTaTbiX.

Tabmuma 2. Mogenu suaepcrsa (Leadership Equity

*x

LEM) npumenutensHo k UT mpoexTam.

B 3akmoueHne HEOOXOIUMO OTMETHTH, YTO MAapKETHUHT
WT-npoekToB U ycIIyr CTaHOBUTHLCS Bce Oosiee BOCTPEOOBAaHHBIM B
npaktuke UT-/{upextopos. Ects xopomue npumepst UT-npoexTos
CTaBHIMX OpeHJaMy B KOMIIAHUSX, O KOTOPBHIX OYyJeT pacckasaHo B

OmpiTr  aBTOpOB OT o0Omenus c¢ UT-

Z[I/IpeKTOpaMI/I TaKHUX MNPOCKTOB MOKA3bIBACT, YTO OHU Yallle BCEIO
HWHTYUTUBHO TMPUIIIM K TaKOMY IIOJIOKECHUIO Bemeﬁ, HO OYCHb
AOBOJIBHBI TEM, YTO NOJYIHUIJIOCH.
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Abstract

Multicore hardware recently received wide acceptance in all
areas of computing from servers to notebooks and now it requires
novel software to unleash full power of parallelism. By this reason
technologies for parallel programming especially for shared memory
systems (such as multicore) are getting significant boost nowadays.

Among hot topics of ongoing researches in this area are easy to
use and scalable concurrency control mechanisms and one of those
is Transactional Memory (TM). This paper presents pure software
implementation of transactional memory system (STM) which
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supports the following TM ideology of shared data accesses: all data
modifications belonging to the same transaction (atomic section)
become visible to other threads at the same moment or discarded
altogether if conflict with other thread (contention) is detected, in
this case transaction is restarted.

The system consists of C/C++ compiler supporting TM-specific
language extensions and TM run-time library. This paper primarily
focuses on language constructs and aspects of C++ support: the
system presented is, perhaps, the fist STM system which
consistently supports C++ classes, inheritance, virtual methods,
functional and class templates and exception handling

Transactional memory provides simple means for concurrency
control and adds such advantages over traditional approaches as
composability of transactional codes and failure atomicity. The cost
of convenience is performance: TM and especially STM adds
overhead on code in transactions. Some optimization helping to
relax this problem are listed and discussed. Paper also shows
comparative performance results of STM versus different lock
techniques.

The main result of the presented work is publicly available full-
featured STM system for C/C++ which accelerates development of
concurrent systems providing syntax and semantics of single global
lock while achieving scalability of fine-grain locking systems and
gives some nice additional benefits.

Keywords: Software Transactional Memory; Concurrency control;
Multithreading; C++ programming
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Te3ucobl

MHorosiepHble  anmapaTHble  IUIATGOPMBI,  IOJYyYHBIIHE
pacrpocTpaHeHHe B IOCJIe[HEee BpeMsl TpeOylT  HOBOTO
MIPOTPAMMHOTO 00ecCIIedeH s, YTOOBI PACKPBITh BECh 3aJ0KEHHBIN B
HUX MOTEHLHal. B CBiI3M C 3TUM TEXHOJOTHMU MapajlIEIbHOIO
MIPOTPAaMMHPOBAHUS A CHUCTEM C OO0medl maMsTbio (KaKOBBIMH
ABJISIFOTCST. MHOTOSAEPHBIE CHUCTEMBI) IONYYMJIM TIOCIIETHEE BPEeMs
3aMETHOE pa3BUTHE.

B gacTtHOCTH, O0JNBIIOE BHUMAHHE YACSECTCS UCCICTOBAHNAM B
001acT! NPOCTHIX B HCIOJIB30BAHUM U 3(PPEKTUBHBIX MEXaHU3MOB
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MapajuieIbHOTO JOCTyHna K OOIIMM JaHHBIM, OJHHUM H3 KOTOPBIX
sBisiercs: TpanzakuuonHas [lamsite. B naHHOM ctatbe mOMIET pedb
0 YHCTO MPOrPAaMMHOM pEalM3alyu CUCTEMBI TPAaH3aKI[MOHHOMN
mamat. TpamsaknuonHas [lamsate obOecrneunBaeT TakoH JOCTYHI K
pa3zenseMbIM JaHHBIM, P KOTOPOM M3MEHEHHUS JaHHBIX B PaMKax
TPaH3aKIUX OO CTAHOBATCA BHIWUMBI IPYTUM IIOTOKaM BCE Cpasy,
mbo (B ciuydae KOH(IMKTAa C JAPYITHMH  TPaH3AKIHSIMH)
OTMEHSIOTCSI ¥ TPAaH3aKIH ITepe3aIrycKaeTcs.

Cucrema cocTOMT W3 KoMmmmisTopa mns si3eikoB C, C++,
pacmupeHHbIX KOHCTpyKiusasmu TII, W OMOMHMOTEKH BpEeMEHHU
UCTIONHEHUs. B cTaTbe OCHOBHOW yIOp CHENaH Ha S3bIKOBHIC
pacmupenust U nonaepxky C++ — mpencraBinenHas cuctema TI1
e/Ba JIA HE TepBas i1 3TOT0 s3bIKa IMOJACPIKUBAIOIIAs KIACChI
C++, ux HacienoBaHHe, BHPTyajbHbIe (GYHKIHUH, MAOIOHBI W
00pabOTKy MCKITIOUYCHUIA.

TpaH3akunoHHAas TaMATh - YAOOHOE CPENCTBO YHPABICHHUS
JOCTYIIOM K pa3[elisieMbIM JaHHBIM, MPEJOCTABIIAIONIEEe P
MIPEUMYIICCTB: BO3MOKHOCTh TIEPEUCTIONB30BAHIS
TPaH3aKIIMOHHOTO KOJa B paMKaX IPYroro TPaH3aKIHOHHOTO KOJa,
aToMapHOCTh 00paboTkn ommbok u T.m. [lmaToét 3a ymoOcTBO
CIY’)KAT TIPOM3BOIUTECIBHOCTh — HCHoNb30Banne TII BHOCHUT
HAKJIa{HBIC PACXObI U IOTOMY ONTHMH3ALUS POU3BOIUTCILHOCTH
— Ba)KHBIN aCIEKT MPEICTABICHHON paOOTHI.

OCHOBHBIM Pe3yabTaTOM SIBIISICTCS 00I1Ie10CTYITHAS,
MOJHO(QYHKIIMOHATIbHAS CHUCTEMa MPOrPAMMHOM TpaH3aKIIMOHHOMN
naMmsaTH. E€ wucnonb3oBaHWe TMO3BOJUT YCKOPUTh IIOCTPOEHUE
3¢ (GEKTHUBHBIX MapaUIeIBHBIX CHCTEM 3a CUET COYECTaHUS MPOCTOH
MIPOTPaMMHOM MOJIeNn AHAJIOTUIHOM HEUMCHOBaHHBIM
KPUTHYCCKHIM CEKITUSAM C MacIITaOUPyeMOCThIO, JOCTI>KUMOM JINIIIb
TIPH UCTIOJTE30BAaHIH MHANBUAYAIBEHBIX OJOKHPOBOK IS JaHHBIX.

Keywords: IIporpammuas TpaH3aKIMOHHAas MaMsATh;
MHOI'OIIOTOYHOE IPOrpaMMHUpPOBAHUE; CHHXPOHM3AIYs JOCTYIIa,
[MporpammupoBanue Ha C++
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1. Bsenenme

PacnipoctpaneHne MHOTOSIEPHBIX IUIATGOPM MOCTABUIIO HIEpeN
paspaborunkamu [IO HOBBIE 3amadu: YTOOBI  ITOJIHOCTBIO
HCTIONIH30BaTh MOIIHOCTh COBPEMEHHBIX BBIYHCIHTENBHBIX CHCTEM
HEOOXOAMMO pa3pabaThBaTh MapaJICIbHBIE ANTOPUTMBI, YTO
3aMETHO YCJIOKHSIET W aJITOPUTMUUYECKYIO M apXUTEKTYPHYIO 4acTb
MPOTPaMMHBIX CHCTEM. B CBSI3M C 3THM CpeACTBa YNPOIIEHHS
pa3paboTKi  MapayuIedbHBIX  (MHOTOIIOTOYHBIX)  MPHUJIOXKCHUH
puoOpeny 0co0yI0 aKTYaJIbHOCTh, U UHTEPEC K HUM PacTéT roj OT
roja.

OnHOI M3 caMbIX CIOXKHBIX 33J[a4y B pean3aliiy apajliesbHbIX
AITOPUTMOB ¢ oOmedl  mamareio  (TakoBO  OOJIBIIMHCTBO
MHOTOIIOTOYHBIX ANTOPUTMOB) sABJsieTcs 3agada  3(dexTHBHON
peanM3anym 10CTyNa K paszzensieMbiM pecypcaM. C 0IHOH CTOPOHBI
HEOOX0AMMO O00ECHeYnTh KOPPEKTHOe (PYHKIMOHMPOBAHHE —
OTCYTCTBHE B3auMHBIX OnokupoBok (deadlocks) u ycrnoBuii roHOK
(race conditions), ¢ mpyroéi CTOPOHBI MPOCTOM H3-3a OXKHIAHUS
JOCTyTIa HE JIOJDKHBI CHHMXATh MacITabupyeMocTb
MIPOU3BOIUTEIBHOCTH CHCTEMBI C POCTOM YHCJIA TOTOKOB/SAEP.

TpaguIMOHHBIM ~ METOAOM  OpraHW3alMHM  JOCTyma K
paszienseMbIM JTaHHBIM SIBIISIIOTCS Pas3lIMuHble BHJIBI OJIOKMPOBOK
(kputnueckue cekunuu, cemadopsl U T..). OmHako peaau3aus
(G (QEKTUBHON CUHXPOHU3ALMU STHMHU CPEACTBAMH MOXET OBITH
JIOCTaTOYHO CJIOKHA, a OTJIaJKa M MOUCK OMIMOOK — eIé CIIOXKHEE.
Hambonee mpocToii cTpaTermeil OpraHu3allMd CHHXPOHHU3AINH
SBISIETCST ~ WCIOJIb30BaHWE  OIHOW  OJIOKMPOBKM  AIsL  BCEX
pas3zieNsieMbIX PpEecypcoB, OJHAKO B OOJNBIIMHCTBE CIy4aeB 3Ta
CTpaTerusi  OTPUIATENFHO  BIMSAET HAa  MacIITabMpyeMoCTb
MIPOM3BOUTENBHOCTH. Jlydime pe3ynbTaThl Ja€T HCIOJIb30BAHHE
pasiMuHBIX ~ OJOKMPOBOK Ui pa3lIMUHBIX  PECypcoB,  HO
TPYILOEMKOCTH 3TOTO MOAX0Aa HECPABHIMO BBILIIE.

Tpanzakmmonnas mamsate (TM — Transactional Memory) —
OIHO W3  COBPEMEHHBIX  MEPCINEKTUBHBIX  HANpaBJCHUI
HCCJIEJOBAaHUH B 00JAaCTH OpraHU3alldd YNPAaBJICHHUs JOCTYIOM K
pasnensiemoii mamsatTu. CyTh MOJIX0Ja B TOM, YTO BCE W3MEHEHHS
JIaHHBIX W30JMPOBaHbl B TMpejeNax TpPaH3aKUMH W CTAHOBATCS
BUJIHBI MO0 BCe Cpa3y Ha BBIXOJe U3 HeE, IMOO OTMEHSIOTCS U BCS
TpaH3aKIMs Mepe3arycKaeTcsi CHavaia, eciii OOHapyKeH KOHQIIUKT
¢ Apyroi TpaH3akIHe.
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CuHTakcudeckn paboTta ¢  TpPaH3aKIMOHHOH  IMaMSTHIO
aHAJIOTMYHA HEWMCHOBAaHHBIM KPHUTHYECKHM CEKIHAM, OIHAKO,
HUKAKOW W3 ITOTOKOB, OJTHOBPEMEHHO BHIIIOHSIONINX TPaH3aKIHUIO,
He OJIOKMpYeTCsi — BCE OHM BBIIOJIHSIOTCS TMapajuiesabHo. J[Byms
JIOTIOJTHUTEIBHBIMUA ~ TIPEUMYIIIECTBAMH TPAH3aKI[MOHHON MMaMsATH
sBisifoTcst (1) BO3MOXKHOCTH BIJIOKEHHBIX TpaH3aKIMHA — KOJI C
TpaH3aKIHUAMH MOXET OBITh INEPEHCHOIb30BaH B paMKaxX APYroro
TPaH3aKIMOHHOTO K0/a; (2) BO3MOXXHOCTH OTKATUTH TPAH3AKIHIO
SIBHO IIO3BOJISIET BEPHYTh MaMSATh B KOPPEKTHOE COCTOSHHE IPH
0OHapyKEHUH OITUOKH B TPAH3AKIIUH.

[lo mpuumHAM, omMcaHHBIM BhIIE, HTEpec K 1M mocnennee
BpeMsl 3aMETHO BBIpOC. Peanmzamus TpaH3aKIMOHHON MaMSTH
TpeOyeT TOTO WM HHOTO MOHUTOPHHTA JOCTYIOB K MAMSTH, TOTOMY
OONBIIHCTBO pabOT OTHOCSTCA K yIpaBisieMbIM (managed) si3pIKam
U CUCTEMaM MporpaMMUpOBaHMs, TakuM kak Java[9], C#[11],
Haskell[10] u Caml[15]. OmnpenenéHubie HCCICAOBAHUS OBLTH
nocesaniensl C [17,6] u npakTudecku HEeT paboT NocBAMEHHBIX CH++
— OTIETbHBIC aCHEeKThI paccMaTpuBaroTcs B [1,5], HO 3T pabOThI He
MPETeHIyIOT Ha MONHOTY. bezycnoBHo, C u C++ ocTaroTcsi OTHUMU
W3 CaMbIX paclpOCTPaHEHHBIX SI3bIKOB B OOJACTAX CHUCTEMHOTO M
BBICOKOIIPOM3BOIUTENILHOIO TIPOrPAMMHUPOBaHMs, IOTOMY Halla
paboTa JOCTaTOYHO aKTyajbHa.

[IpencraBnennas B paboTe cucTeMa — 3TO YUCTO MPOrpaMMHAs
(Obe3  cremmampHOM — ammapaTHOM — TOINAEPKKH)  peali3alus
Tpan3akiuonHoi nmamsatu (STM — Software Transactional Memory)
st C u C++. B oTimuaue oT npensiqymux padoT oHa
1. TlonnepxuBaer He Tonmbko C, HO m C++ BKITIOYAs KJIacchl,

HacJjeJl0BaHue, BUPTYyalbHble (PYHKIINH, HESIBHbIE KOHCTPYKTOPBI
W JECTPYKTOPHI, MAOJIOHBI, YIPaBIeHHE MaMIThI0 U 00pabOTKY
WCKJTIOUEHHH, a TakKe BBI3OBBI OMOIMOTEYHBIX (YHKIHI, B TOM
YHCIIe IS BBOJA-BbIBOJIA.

2. OcHoBana Ha CYIIECTBYIOIIEM BBICOKOKJIACCHOM
ONTHMU3UPYIOUIEM KOMIMIISITOPE, MPEJOCTaBISIET S3BIKOBBIC
pacmmpeHuss W HabOp ONTHMHU3AIUN Ui  TpPaH3aKIMOHHOU
MaMSITH.

3. Bxuirouaer BBICOKOTIPOU3BOUTEIEHYIO JTUHAMHYICCKYIO
OMOIMOTEKY, NOANCPKUBAIONIYI0 HECKOJIbKO PpA3IMYHBIX U
MEPEKITI0YaeMBbIX BO BpEMs HCIIOJHEHUS PEXHMOB pabOTHI, B
TOM YHCJIE€ CEPHATM30BAHHBI pEXHM [ HCIIOTHEHUS
o6ubmuoreuHoro koma. Mutepdetic OMOMMOTEKH  TIO3BOJIAET
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WCIIONB30BaTh pasiamdHble anroputMbel STM U mepexmodaTs ux
BO BPEMSI HCIIOJTHEHUSL.

4. TlpencraBusier coOOH 3aKOHUEHHYI0 M IIPOU3BOIUTEIHHYIO
peammzaimto  STM,  pgocTymHyo  Anst  TECTUPOBaHMUS,
SKCHEpUMEHTOB U IPEABAPUTEIBHOIO  HUCIOJIB30BaHMUSL.
Pe3yspTaThl BHYTPEHHETO TECTUPOBAHMS IPOU3BOJUTEILHOCTH U
MacmrabupyemocTd ~ Ha  Habope TECTOB SPLASH?2
NPE/ICTABIICHBI HIXKE B CEKLIUH 5.

2. Pacmrupenusi C++ s TIT
IMpencraBnennas cuctema paciupsier C++ HOBBIMH SI3IKOBBIMH

KOHCTPYKIHMSIMH (a HE NMparMaMy KOMIMJISITOpa, KaK, HAalIpuMep, B

[46, 28]) u, B OTNIM4HE OT paHHUX PabOT OPUEHTHPOBAHHBIX TOJIBKO

Ha C [17], nmoomepXUBa€T MHOTHE KIIIOYEBBIE KOHCTPYKLUUH U

MexaHu3Mbl C++.

2.1. ATomapHBbIe 6J10KH
OCHOBHOM  KOHCTPYKLMEW JJi TpaH3aKLUMOHHOW MaMsTH,
OTIpEICIISIOIEH CcOOCTBEHHO o0iacTh TPaH3aKIIHOHHOTO
HCIIOTHEHUSI, SIBJISICTCS aToMapHbIit 6110k (atomic block):
Hpumep 1:
__tm_atomic {
if (local_var > Global_val) {
Global_max = local_var;
local_var = Global_arr[++loc_i];

}
}

AHaIOrn4HO KOHCTPYKIUsAM atomic u3 panuux padot [1, 18] on
OompeneNnseT, YTO KaKABIH Takod OJOK HCHONHSETCS Kak
TPaH3aKIHA: aTOMapHO U H30JIMPOBAHHO OT JIPYTHUX TaKUX OJIOKOB.

CeMaHTHYECKH aTOMAapHBII OJOK SKBHBaJCHTEH HEMMEHOBAHHON
KPUTHYCCKON CEKITHH: KaXKIBIH aTOMapHBIN OJIOK H30JMPOBAH U KaK
OBl IIETMKOM BBITIONHIETCS JO WM IOCIEC aTOMAapHBIX OJOKOB B
JIPYTUX MOTOKaX. B IeHCTBUTENTHHOCTH K€ BCE OHH BBIMOJIHSIIOTCS
mapajuiesibHo, Ho 6e3 3¢ (exToB B APYrux NOTOKaX. BHyTpeHHOCTH
aToMapHOro Oyioka TpaHCHOPMHUPYETCS KOMIMISATOPOM TaKUM
obpazoM, dYTO BC€ JIOCTYNBI K  TJIOOATBHBIM  JaHHBIM
oOpabaTpiBaroTCst BbI3OBamMH STM-0HOIMOTEKH. DTO IMO3BOJISIET
0oOHapyXWBaTh KOHQUIMKTBI — OIJHOBPEMEHHBIE JIOCTYNBI K
OAMHAKOBBIM JaHHBIM M3 pPa3HbIX TpaH3aKLUWH, NOpPUUEM, Kak
MHUHHAMYM M3 OJTHOH — 110 3anucH. B ciydae xoHdumkTa 6ubimoTeka
BOCCTAaHABJIMBAET JIOKAJIbHO-NU3MEHEHHBIE JaHHBIE K COCTOSHHIO Ha
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Ha4ajo 0JI0Ka U, C HOBBIMU 3HAUCHHUSIMH I100aJbHBIX TaHHBIX, OJIOK
mepe3amryckaeTcsli CHOBa JO TeX IIOp, TOKa He Tpounér 0Oe3
KOHQIUKTOB (AN TpEeNOTBpamieHUs] OECKOHEYHBIX OTKaTOB
MIPUMEHSIOTCSI CIICIIMATIBHBIC MEPHI).

JIroOast mepesaya UCTIONHEHHS 3a TPEICTbl aTOMapHOro OJioKa
BBI3BIBACT TMOMBITKY YCHCIIHOTO 3aBEPIICHUS TPaH3aKIUH U
MyONUKAMU U3MEHEHHH. JTO KacaeTcs Kak OOBIYHOTO BBIXOJA W3
0JI0Ka, TaK W BHIMOJHEHHUs KOHCTpYyKUuii break, return, goto u t.1mw.

AToMapHBI OJOK MOXET COAEp)KaTh JIO0BIe KOHCTPYKIHH
si3pika  C++, momycTuMble B OJIOKe KOAA, BKIIOYAs, IpyrHe
aToMapHBIE OJOKH.

Hpumep 2:

__tm_atomic {

/I Some code

__tm_atomic {

/l some more code

}

}

Bce wu3MeHeHMs clenaHHBIE BO BCEM CTEKE BIIOKEHHBIX
TPaH3aKUMM CTaHYT BUIUMBI TOJIBKO IIPU 3aBEPLIEHUU CaMOMU
BHemHel Tpan3akiuu (closed nesting [28]). Oqnako, OTKaTHI, B TOM
YHCIIE TI0 3aIpocy OT Hosb3oBatels (cM. 2.2.) nenaercs TONBKO 10
TPaHUIBl CaMOW BJIOKCHHOW TpPAH3aKIMH, TaK 4YTO T'PAHMIIBI
BJIO’KEHHBIX TPAH3aKIMH HE COBCEM NTPO3PAUHBI.

Br130BHI (h)yHKIWI BHYTPH aTOMapHOTO OJ0Ka 00OpabaThIBAIOTCS
crenuaibHBIM  00pa3oM:  BBI3OBEI  (YHKIUM,  MMEIOIINX
TPaH3aKIIMOHHYI0  BepcHi0  (MOPOXKAEHHYI0  KOMIIIATOPOM,
ONHMCAHHYIO TI0JIb30BATENIEM WM W3BECTHYIO OHOJIMOTEUHYIO),
3aMEHSIOTCS BBI30BaMH J3TOH BepcHH. /IS KOCBEHHBIX BBI30BOB
BCTaBIIAIOTCS AWHAMHYECKHE TPOBEPKH HAIWYHS TPAH3aKIIMOHHOMN
Bepcun.  IlpekommmimpoBaHHBIE — OMOIMOTEYHBIE  (YHKIHH,
¢yHKIMK 06e3 TPaH3aKIMOHHOHM BepcHHM M (YHKIMH BBOJA BBIBOAA
BBI3BIBAIOT MIEPEXO/ TPAH3AKIIMU B CEPUATM30BAHHBIA PEXXHUM: OTKAT
TakuX (QyHKIMI HEBO3MOXKEH W IOTOMY JUIS MX BBIOJIHEHHS
JOJDKHO ~TapaHTHPOBAaThCSI OTCYTCTBHE KOH(QUIMKTOB, 4YTO H
JOCTUTAeTCsl Ccepuaim3anued — TIio0anbHOW OJIIOKMPOBKOHM Bcex
OCTaJIbHBIX TPaH3aKIHH.

2.2. SIBHble (10J1b30BaTEJBCKHE) OTKATHI

STM mpemocTaBiseT pacIIMPEHHBIA CEPBUC IO CPABHCHHIO C
OOBIYHBIMH KPUTHYESCKHMH CEKLMSIME: KOHCTPYKuus __tm_abort;
OTKaThIBAET MCIIOJHEHHE TEKYIIEH camoil BIOKEHHOW TpaH3aKIIHH,
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OTMEHSET BCE CICIAaHHBIC B HEW U3MEHEHHUS U NepeaéT yrnpaBIeHUe
HETIOCPEICTBEHHO 33 KOHEIl aTOMAPHOTO OJI0Ka 3TON TpaH3aKIHH.

Koncrpykmust __tm_abort  Moxxer  ObITh  HCIIOJB30BaHA
JIEKCHYECKH TOJBKO B aTOMapHOM OJIOKE, OHa HE MOXET OBITh
UCIIONIb30BaHa B (PYHKIMU BBI3BAaHHOW M3 OJIOKa. DTO OrpaHUYEHHE
BIIOJIHE PAa3yMHO, MOCKOJBKY KOJ, COAEprKaIluii aTOMapHbIi OJI0K ¢
SIBHBIM OTKaTOM, JIOJDKEH OBITh HAlMCaH B IPEAINIOJIOKEHUH, YTO
TEJIO AaTOMAPHOTO OJI0Ka MOXKET HE UCIIOTHUTHCS.

Kpome Toro, oTkar no tpeOGOBaHUIO MOJIH30BATENS HEBO3MOXKEH,
€CIIM IO HETO CIy4HJIcsS Mepexo] TPaH3aKIHH B CEPUATH30BaHHBIN
peKUM. B 3TOM pexxuMe OTKaThl HEBO3MOXHBI, TOTOMY MOIIBITKA
OTKaTa BBI30BET ONIMOKY BpPEMEHH HCIIOIHEHUS, IIOCKOJIBKY
00HapYXUTH 3Ty MpoOIeMy PH KOMITMIIALIMN HE BCETIa BO3MOXKHO.

OnHaKo BO BIOXEHHOH TPaH3aKIIMU TAKOH OTKAT JOITyCTHM.
pumep 3:

__tm_atomic {
cout << “HelloWorld!”; //precompiled
__tm_atomic {
/I some code
__tm_abort; // OK, inner TX aborted

if (some_condition) {
__tm_abort; // runtime error
}

}

Ciyuan, korma oTKar OyIeT TapaHTUPOBAHHO BBI3BaH B
TpaH3aKIHUH noce IIPEKOMIIUIIUPOBAHHON byHKIMH
00HApYKUBAIOTCS ~ KOMIIWJIATOPOM W JIUArHOCTHUPYIOTCSL  Kak
omnOKa, OCTaJbHBIE CIlydal COBMECTHOTO WCIIOIb30BAaHHUA B
aToMapHOM OJIOKE MPEKOMITMIMPOBAHHOTO KOAA WM SBHOTO OTKaTa
BBI3BIBAIOT NIPENYNPEXKICHUE KOMIIWIATOPA.

2.3. Pazamerka ¢pyHknmii

UToObI TpaH3aKIMA HE CEepHAIN30BANIACh NMPH BBHI30BE (PYHKIINH,
KoA (pyHKIIMH TOJDKEH OBITh 00paboTaH KOMIIIIATOPOM IPHMEPHO
Tak e, KaKk BHYTPEHHOCTb aTomapHoro Omoka. Ho mockombky
POBHO 3TH k€ (QYHKIIUH MOTYT OBITh BRI3BAHBI HE M3 TPAH3AKIUH, TO
OHM JOJDKHBI CYIIECTBOBAaTH B JBYX BHAAX — TPAH3AKIIMOHHOM
(xmoHMpoBaHHOM) W OOBMHOM. [list oOecriedeHus pa3ienbHOU
KOMINWIIIMK (QYHKIMH W TpaH3aKUMH, WX BBI3BIBAIOIINX, & TaKXKe
Ui Ooslee  TOYHOTO yKa3aHWS CBOWCTB (DYHKIMH, BBeIcHA
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BO3MOKHOCTh ~ pa3MeTKH  (YHKIMH Ui TPaH3aKIHOHHOU
KOMITHJISILIHN.

Unes pasmerkn ¢GyHKOWH HE HOBa, OIHAKO OICHIBaeMas
cUcTeMa INPEeOCTaBIsIeT HECKOJIBKO OOJbIIe BAPHAHTOB PAa3METKH,
4yeM npensiayiue padotsl [17], naBas BO3MOKHOCTB OoJiee THOKOTO
KOHTPOJII Haj pa3MepoM KoJa M HAIMYMEM TPaH3aKIMOHHBIX
Bepcuil.

Pasmerka 3amaércs ¢ HKCIOJIB30BAHUMEM KIIOUEBOIO CIIOBA
_ declspec() ma Windows™ wu __ attribute_ (()) ma Linux.
[Mpumeps! naust B Bapuante aast Windows™. x

Hpumep 4:

__declspec(tm_callable) int foo(int);

Jomyckaercs pa3MeTka JIOOBIX (YHKIMH, B TOM YHCIIE METOJOB
KJIaccoB M IIaOJIOHHBIX (GYyHKIMH. [lamee NpUBOAATCS OCHOBHBIE
momeTku s pyHKwiA. [Tonabli Habop momMeTok omucas B [13].

tm_callable — ¢yHKIUst, KOTOpas MOKET BBI3BIBATHCS KaK U3
TpaH3aKIMH, TaK M M3 OOBIYHOrO Kojxa. DyHKUUS MOJIHOCTHIO
OyOnupyeTcss U OJHa M3 KONHMH JIONOJHUTEIBHO 00padaThiBaeTcs
KOMIIWJIATOPOM ~ JJIsl  TPAH3aKIMOHHOTO  HWCIIOJNHEHUs U
neperMeHoBbIBaeTcs. CrenuaibHble YCWINS IMPEANPUHUMAIOTCS
JUIsl OpraHU3alii KOCBEHHBIX BHI30BOB TPaH3aKIIMOHHOW BEPCHU.

Huxkakux orpaHu4eHui Ha copepkuMoe GpyHKINH, TOMEYEHHBIX
TaKkUM 00pa3oM, HE HaKJIQJBIBAETCS, B YACTHOCTH MOXHO BBI3bIBATDH
B KO/A€ NPEKOMIMIMPOBAaHHBIE (QYHKIMM — 3TO BBI3OBET
CepHATM3ALUIO TEKYIIEH TpaH3aKINH.

Temo Takoii (QyHKOUM JOIDKEH KoMmmmiupoate STM-
KOMITWJISITOP W €€ peann3anus J0JDKHA ObITh IOMEUeHa TaKKe KaK 1
nexmapanus. B mporuBHOM ciydae pemaktop ceszeit (linker) e
HaAIET TepeMMEHOBAHHBIM KJIOH (QYHKIUH, HE CMOXET coOpaTh
MpOrpamMMy U BbIIACT OLIHOKY.

tm_pure — QpyHKIHMS, KOTOPYIO IPOrPAMMHUCT XOYET BBITONHSIT
B TPaH3aKIMHU «KaK ecTh». Takas QyHKIMs HE JOJDKHA 00paliaThes
K THOOAmbHOW MaMSITH M HUMETh MOOOYHBIX 3(PQHeKToB (I100
ry00agpHas NaMATh KOHCTAHTHAsI, a MoOOYHbIE S((EKTH HE BaKHBI
JUISL UCTIONTHEHHs TporpaMmbl). Takass (yHKOus, paBHO Kak M e&
BBI30BBI, HUKAaK He 00padaThIBAIOTCS KOMIMITOPOM, M IOTOMY
TaKasl MOMETKa MOXKET CTOSITh JaXke Ha JeKJIapalnuu OnOInoTeyHoi
¢ynkimn. CraBsi Takyro IMOMETKY, BXXHO ITOHUMATh, YTO (PYHKIUSI
MOXET OBITh TEpeBbI3BaHA MHOTOKPATHO B IIPOLECCE OIHOTO
UCTIOTHEHUS TPAH3aKIIMU M3-32 BOSMOXKHBIX OTKATOB.
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K coxanenuro, B ciIydae KOCBEHHOTO BEI30Ba OMONMOTEYHAs
GyHKOWS, TIOMEYEHHas TakuUM oOpa3oM, TpakTyerca Kak
NPeKOMITMIIMPOBaHHAS W IOTOMY  BBI3BIBACT  CEPHAIM3ALIHIO
TpaH3aKIMU. VICKiIIOYeHHne COCTaBISIOT BHPTyajbHBIE tmM_pure
MeTo/IbI (KaK MPEKOMITMINPOBAHHBIE, TaK M JJOCTYITHbIE B UCXOJHOM
Kozie), a Takke Bce tm_pure ¢yHKIMH C COOTBETCTBYIOILECH
MIOMETKOH Ha peanu3aiuu 1octynHoit STM-komnuistopy.

tm_safe — amamormuna tm_callable, Ho mpemmomaraer Goiee
CTpOTHE IPOBEPKH: B Telie PYHKIMHU 3alPELICHbI BEI30BBI (YHKIUH,
He IIOMEUYCHHBIX SBHO Kak tm_pure mmm tm_safe, a takxe mroGble
KOCBCHHBIC BBI30OBEI KpPOME BHPTYAJIBHBIX METOIOB tmM_pure wiu
tm_safe.

tm_safe rapaHTHpyeT BO3MOKHOCTh OTKaTa M Iepe3alrycka, 4To
JielaeT MX BBI30BBI 0€3yCIOBHO COBMECTHMBIMH C __tm_abort B
paMKax OJIHOH TpaH3aKIUH.

2.4. PazmeTKa KJ1accoB

Pa3smeTka kiacca — 3TO yMOJIYaHHE JUIS Pa3METKH BCEX HOBBIX
METOJIOB KJiacca, BKIOYAs TMOPOXKAAEMbIC aBTOMATUYECKH H
BupTyanbHbie. TO ecTh pa3Mmerka Kilacca MPUMEHSETCS K METO.NY,
€CIIM Ha METO/Ie SIBHO HE YKa3aHO JIPyroe.

Hpumep 5:

.__declspec(tm_callable) class A {
__declspec(tm_safe) int getValue(); //safe
virtual int process(); //tm_callable

Y I A() - implicit, tm_callable

Merto/pl, yHACIEIOBaHHbBIE U3 KJIacca MPEKa, COXPAHSIOT CBOIO
pa3merky. HeBupTyasibHbIe METOMBI, MEPEONPENEIAIONIAE METO/IbI
Npejika, CYWTAIOTCS HOBBIMH B Kilacce, W Ha HHUX JEUCTBYeT
pa3MeTka Kiacca. B ToXe BpeMs BUPTyalbHBIC METOJBI,
MIEPEOTIPEICIAIONINEC METOABI IPEIKa, CUYHUTAIOTCS HACICIHUKAMHU
(em. 2.5). Drto cormacyercs ¢ TpaBWIaMH  HacjeJOBaHHS/
nepeorpeneaeHust MeTooB B C++.

Toaeko tm_callable, tm_safe wam tm_unknown moxer ObITH
yKkaszaHo i kimacca. OTCyTCTBHE MOMETKH, Kak M Ha (DYHKIIWH,
03Ha4YaeT OTCYTCTBUE MPEANOJIOKEHHH 0 IPUPOIE KOJIa.

Jost BBEIOOPOYHOMN OTMEHBI TIOMETKH Ha MeToJdax
tm_callable/tm_safe-kimacca BBemena emé omHa MOMETKA IS
MeTonoB — tm_unknown, kpome Toro, Bce mepednciieHHbie B 2.2.
MMOMETKHU (PYHKIUH, IPUMEHUMBI X K METO/IaM KJIaCCOB.
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2.5. HacienoBaHue pa3MeTKu

Krnacc-nacnenuk HaciegyeT M NOMETKY Kiacca npeaka. s
ormensl momerku tm_callable cayxur momerka tm_unknown
yKazaHHas Ha kiacce. [IOCKOJBbKY MOMETKH Ha KIIAcCax BIHUSIOT
TOJBKO HA METOABl MPUHAAJICKAIIES HEMOCPEACTBEHHO 3TOMY
KJaccy, TO [OMYyCKaeTcsi MPOHM3BOJbHAsS CMEHAa pPa3METKH B
uepapxuu (B OTIMYHE OT HACIEAOBAaHHS [UI BHPTYaJbHBIX
METOJIOB).

B ciayuae MHOXECTBEHHOI'O HacjelOBaHMs ISl Kiacca
BBIOMpAETCs camas CHIbHAs pa3MeTKa 13 npenkoB. Cuiia Bo3pacTaeTt
B psaay tm_unknown (uer mometku), tm_callable, tm_safe.

J1s HacnenoBaHUS BHPTYANbHBIX (YHKUWIT aeicTByroT Gonee
cTporue mpaBmia. OOpaboTKa BBI30BOB BHPTYaJIbHBIX METOJOB
JeAeTCsl 0 CTATHYeCKON MH(POPMALK THIIA yKa3aTeNns Ha 00BeKT,
a OH MOXET OBITh THUIIOM HpeJKa, HO3TOMY HOTOMOK JIOJDKEH HMETh
HE MEHEe CWIbHYIO IIOMETKY, YeM Npenok. B mpoTuBHOM ciiydae K
BBI30BY MOTYT OBITb NpPUMEHEHBI Ooyee CTpOrue TpeOOBaHUs,
KOTOPBIM IIOTOMOK HE OTBEYAET.

B cnywsae ecnum mpu TmepeonpeneNeHMH B Kilacce-TOTOMKE
MOMETKa He yKa3aHa, OHa HacJeoyeTcsi OT MeTola-Ipe/Ka.

I_IOHyCTI/IMI)Ie COUYCTaHUd TIOMCTOK TIPEAKOB W TMOTOMKOB
BUPTYaJbHBIX QYHKIHMII IPH MEpeonpeaeieHUH CBEACHbI B TaOJIHLIe

B cimyyae MHOXKECTBEHHOTO HACIICAOBAHHS M3 BCEX BO3MOHBIX
IMOMETOK i MeToja BBIOMpaeTcs camas cuibHas (tm_pure
cunbHee, yeM tmM_unknoOwn u mpOTHBOPEYHT OCTajbHbIM). Ecmu
MOMETKH TPEIKOB MPOTHBOPEUnBHI (Hamp., tm_pure u tm_callable),
To BBIIAETCS coobmenne o0 ommbke. BriOpaHHas momeTKa
HCTIONB3YeTCsl KaK YMOJYaHUE NPH NEPeonpeeIeHnd (YHKIUN B
MOTOMKE M JJIsi MPOBEPKH COBMECTUMOCTH IEPEOTPECICHUs 10
Tabnwuie 1, mpuBeAEHHON HIDKE.

[pumep 6: (#define — i coxparueHus CTpoK)

#define _ds(x) __declspec(x)
struct A {
virtual int _ds(tm_safe) getA() const;
virtual int process(); //unknown

_as(tm_callable) struct B {

virtual int getA() const; //tm_callable

virtual int __ds(tm_unknown) process();

k
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struct AB : A, B {//tm_callable
int _ds(tm_pure) getA(); //tm_safe->error
int process(); //tm_unknown

H

Ta6auna 1. IlpaBuia nepeonpeneaeHus

Derived class
Base |unknown | callable safe pure
unknown yes Yes yes yes
callable no Yes yes no
safe no No yes no
pure no No no yes

2.6. PazameTka ma010HOB

K mra6ioHHbM (yHKIHSAM, METOJAM U KJIaccaM IPUMCHUMBI B
MIOJTHON Mepe MpaBWIIa pa3METKH I OOBIYHBIX (DYHKIHMIA, METOIOB
W KJIacCOB  COOTBETCTBEHHO. Kpome Toro, momyckaeTcs
TepeoTpeieiecHue pa3MeTKi 0a30BOro mIadIoHa Ha CIIeIHATH3AIIH
KaK TOJHOHM, TaK W YaCTHYHOH, a TaKk)Ke Ha SBHOW MHCTAHIMALIUU
1a0JIOHOB.

Hpumep 7:
template <class T> _ds(tm_pure) T max(T,T);
template <> char* //specialization

_ds(tm_safe) char* max<char*>(char*,char*)

template int*  //instantiation
_ds(tm_callable) max<int*>(int*,int*);

2.7. O6paboTKa UCKITIOYEHUI

HckiroueHus, He NepeceKarolie TPaHuIly aToOMapHOro OJoka,
oOpabatbiBaroTCsi 1O OOBIYHBIM TpaBwiam C++ naxe ecid OHH
JIe)KaT B aTOMapHOM OJIOKE WIIM KJIOHHPOBAHHOM BEpCUH (DYHKIIHH.
Ilpu osTOoM  00OpaGoTUMKHM, TPHUHAIJICKANINE  TPAH3AKIIHH,
00pabaThIBAIOTCS KOMITHIISITOPOM M UCTIONHSIOTCS TPaH3aKIIMOHHO,
Kak ¥ J0o00M Jpyroil kox. B wacTHOcTH 3TO O3HA4aeT, dTO
BO3MOXKHA CHTyanus, KOrja B 00paOOTYHMKEe HCKIIOYCHHS OyneT
oOHapyXeH KOH(IJIUKT U BCS TpPaH3aKIUs, BKIIOYAs UCKIIOYCHHE,
Oyner oTMeHeHa. B 3ToM ciydae mocie pecTapTa HCKITIOYCHUE
MOXET nH00 BO3HUKHYTH CHOBa, JHOO HeT. OKOHYATENbHBIH
pe3ynapTaT TpaH3aKIUM OyJeT BKIIOYATh TOJIBKO ITOCIEIHEE
(6eckoH(MIMKTHOE) UCHOJHEHHE, a 3HAa4UT © (aKT HATHYUS

HUCKIIIOYCHUA 6y,HGT ONPEACIATECA TOJBKO OJOTHUM TOCJICIHUM
HUCIIOJTHCHUCM.
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Ecmm ke WCKIIOYCHHWE MOKUAAET aTOMAapHBIA OJOK, TO, KaK U
mo0asi mepenada yIpaBiICHHUS 3a IPENenbl OJI0KAa, OHO BBI3BIBACT
YCIIEIIHOE 3aBEPIICHHE TPAH3AKIUK W IMyONUKAIWI0 H3MEHEHHIL.
OcHoBaHU I TAKOTO TIOBEACHUS CIEAYIOIINE:

1. OTkar OTMEHUT M3MEHEHUs JAHHBIX B paMKaX TpPaH3aKLUUH, U
(akT HaMMYUS UCKIIOYEHHs OyAeT MPOTHBOPEYHUTH JIAHHBIM,
aHaIM3 IPUYMHBI MCKIIOYEHMs OyneT 3aTpynHEéH Jmbo
HEBO3MOKEH.

2. HeBO3MOXXHO OTKAaTUTh COCTOSIHUE TpAH3aKIMH, €CIM OHa K
3TOMY MOMEHTY HCIIOJIHMJIA NMPEKOMITMIIMPOBAHHBIN KO U OblTa
cepuann3zoBaHa. [lomeiTka 00paboTaTh HCKIIOYEHHE OTKATOM
mprBeia OBl K OIIMOKE BpEMEHH UCTIONHEHHS (cM. 2.2).

3. DTO TONHOCTBIO COTJIACYeTCsl C INOBEJICHHEM HEMMEHOBAaHHBIX
KPUTHYECKHX CEKLIHMH — HX COCTOSHHE HE OTKAaThIBAeTCA MNpHU
UCKITIOUEHHSX.

4. CymecTByeT BO3MOXKHOCTh IIEPEXBATUTh UCKIIIOUEHUE U CIeNaTh
OTKAT TPaH3aKIHUK SIBHO C MOMOIIsI0  tm_abort. SIBHbIi oTKaT
c/enaeT IOTOK YIpaBlieHUs Oojiee OYEBUIHBIM M IO3BOJIUT
MOJATOTOBUTH CIETIOK COCTOSHHUS TPaH3aKIMM HAa MOMEHT
BO3HHKHOBEHUS HCKITFOUEHUSI.

CrnenyeT, oJlHAKO, 3aMETUTh, YTO B OYEPETHOW BEPCHUU HaIIei
cUcTeMbl OyneT SKCIIepUMEHTaJbHasi BO3MOXKHOCTH BBITIOJIHSITH
OTKAT AJIsl UCKIIIOYEHUSAX NEPECEKarOIUX IPaHHIIbl TPAH3aKIUU.

2.8. BolejieHue MaMATH B TPAH3aKIUHU

STM-6ubnuorexa NPEI0CTaBIISIET CHeUaI3UPOBaHHbIE
peanuzauyu (QYHKIMHA BBIICICHHS M OCBOOOXKACHHS NaMSTH IS
UCTIONB30BAHUA ~ BHYTPH  TPaH3aKUUHM. OTO  IO3BOJSIET  HE
CepUaIM30BaTh TPAH3AKLIUHM C BBIICICHHEM WM OCBOOOXKICHUEM
NaMATH BHYTPYM M HM30€XaTh HPH 3TOM yTEYeK WM HOBTOPHOTO
0CBOOOX/ICHHSI MaMATH. DTa BO3MOXHOCTh OCOOCHHO BaXKHA JUIS
C++, rae BbIIeNIeHNE TTAMSTH MOJXKET OBITh HEpa3phIBHO CBS3aHO C
nHAIManu3aned o0bekToB. B C TpennouTHTENsHO BBIIEIATH
naMsTh 3a MpeAeiaMd TPaH3aKLUUH, JaKe eCIH HHUIMAIU3aIHs
9TOH MaMsTH JOJDKHA Aeiatbes BHYTpu. Oxnako u i C cucrema
MIPEJOCTABIIAET TPaH3aKIMOHHBIE Bepcuil (QyHKIMHA paboTBl C
MaMSITBIO.

3. OnTUMHM3HPYOLIHI KOMIHJIATOP
Bonpmiyro  wacte paboTBl MO  peamu3alid  CEMaHTHKH
TpPaH3aKIMOHHON mamstu aenaer STM-0uOIHOTEKa, OJHAKO POJIb
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KOMITIJIAITOpA B CHCTEME CIJIOXKHO MEPEOICHUTh — OH HE TOJBKO

TIPEJOCTABISIET SA3BIKOBBIC CpPEACTBA, yrpomlamommue padory ¢ TM,

HO W WrpaeT 3aMETHYI pOJh B IOMHOH M 3(¢deKTuBHOW e&

MOJIJIEPIKKE BO BPEMsI MCTIOJTHEHHSL.

KommuisiTop B Hamiedl cucrteMe peaju3yeT CaMOCTOSTENbHO
WM C TIOMOIIBI0 OMOIHOTEKH CIeAyIoNre (GyHKIINU:
e [lomepxKy SI3BIKOBBIX pacUIMPEHHUH OMMCAaHHbIX BbIlIe. IMeHHO
SICHBIE Y IIPOCTBIE SI3BIKOBBIE KOHCTPYKIMU UIPAIOT PEIIAIOLIYI0
pOoNb B YNPOIIEHHH pEANU3alldd JOCTyNa K paseisieMbIM
JTAHHBIM.
e [lommepxKy pa3nuUHBIX pEXHMOB padoTrel TM, B ToM umcie
TpeOyrommx OyOnupoBaHHMs Koma (YHKIMH W OTOEIBHBIX
aTOMAapHBIX OJIOKOB.
e PaccraHoBKy BEI30OBOB K STM-Ombnmoreke Ha TpaHHIAX
TpaH3aKIMH U TIPH OOPAILEHUAX K TTaMSITH
e [lomnepxky BbI30BOB (DYHKIMIT N3 TPaH3aKIMK BKIIIOYAs:
= [ToanepkKy NpPSMBIX BBI30BOB KJIOHHPOBAHHBIX BEPCHU LIS
tm_callable ¢ynkmi;

= JloanepKKy KOCBEHHBIX BbI30BOB C JUHAMMUYECKON IIPOBEPKOI
Ha HaJIMYUe KJIOHUPOBAHHOW BEpPCHH;

» [Tognepkky BBI30BOB tM_pure ¢yHKIMi, B TOM dUHCIEe H
BUPTYAJIBLHBIX METO/IOB;

= [Toxnmepkky BBI30BOB IPEKOMIMIMPOBAHHBIX (YHKIUHA ¢
cepuanu3alyen TpaH3aKIUil;

o Tlognepxky 00pabOTKH UCKITIOUCHUM;

e Pag onTMMHM3amMi M NPOYMX ~ TEXHWK  ITOBBILICHUS
3 PEeKTUBHOCTH HUCIIOJHEHUS, O KOTOPBIX OyJIET CKa3aHO HIDKE.

UroObl gath OuONIMOTEKE OOJIBIIE KOHTPOJS HAJ pean3aluei

STM Hama cucrema, B OTIMYHE OT mpeibaymmx pabor [17],

HCTIONB3yeT (UKCHUPOBAHHBIA uHTEpdeiic C Oubiamorexoit 6e3

BKJIFOUEHHSI  DJIEMEHTOB  pEallM3allii  HEMOCPEJCTBEHHO B

nopoxxkaaemslii  koj. Takum 00pa3oM, KOMIWIATOP HE MOXET

ONTHMHU3UPOBATh HEMOCPEACTBEHHO KOJ, PEUIN3YIONINI aJlrOPUTM

STM, Ho 3a To GMOIMOTEKa MOXKET MEHSTh CTPaTeruy JTUHAMHYECKN

B IIPOIIECCE HCIIOJNHEHUS] MM MOXKET OBITh IMOJHOCTHIO 3aMEHEHa

0e3 MepeKOMITIIISIIMN TTPUIIOKeHUs. [IpH 3TOM KOMIMIATOP BCE ke

HUMEET CYLIECTBEHHBIH KOHTPOJb 33 T€M, KakK OyJeT HCIOJHSATHCS

TPaH3aKIMOHHBIA KOJI, KAKOBBI OYAyT HaK/IaJHbIe PACXOJbl HA €ro

UCTIONTHEHUE, KaKWe  KIACCHYECKHE ONTHMH3ALUHM  YAAcTCs
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BEITOTHUTG 10 | M-Tpancdopmarmii. bubiamorexa mpemocrasiseT
pacimupeHHbIi Habop QYHKIUH AT TOAASPKKH OIITUMHU3 AL,
Uro0Ob! caenaTh UCTIONHEHNE TPAH3aKIMOHHOTO Koaa Hanboiee

(G (QEKTUBHBIM KOMITHIISITOP pPEaM3yeT CIEAYIOIIUE CTpaTerud H

ONTHUMHU3ALHH:

1. BeBoBsl k STM-010n1OTEKE BCTABISIFOTCS JOCTATOYHO ITO3IHO
B Tpolecce KOMIWISAIMH, YTOOBI Iiepel 3TUM OTpadoTayo
MaKCHMaJIbHOE YHCIIO KIACCHYECKUX ONTHMHU3ALNI.

2. Tlpu monmepxkke OUOTMOTEKH MAJs1 MOBTOPHBIX OOpAIICHUI K
MaMATH HCHONB3YIOTCS  CIEUHUATIbHBIE ONTUMH3HPOBAHHBIC
¢yakoun.  OOpamieHuss 10 YTEHHIO MOTYT BooOme He
3aMEHATBHCS BBI30BAMH, OJJHAKO 3TO CYXaeT BHIOOP BO3MOMKHBIX
anroputMoB TM.

3. Tlo TpaH3aKIMM BEMYHUCIIOTCS W MEpeNaroTcss B OMONMMOTEKY
Ba)XHBIC CBOWCTBA, BIUSIONINE HA BEIOOP anroputma TM.

4. OOpaieHusi K JIOKJIBHOM NaMmsaTH OOHAapY)KUBAIOTCS U HE
nepeaaoTces OUoIHoTeKe, MO0 mepeaaérest JIuib 3HAYCHUS IS
OTKaTa.

5. KopoTkue TpaH3akiMM MOTYT OCTaBISTHCS «KaK €CTb» U
UCTIONIHATBCS B PeXXHUMeE OJIOKUPOBKH JUUISI CHHU)KEHMSI HAKJIAIHBIX
pacxo/ioB.

6. 3BectHBIC OubIHoTeYHBIC hyHKIIAH, pacrmo3HaHHEIC
KOMITHJIITOPOM, MOTYT ITOJIy4aTh IIPHU3HAK IM_pure.

7. MexnpouenypHbelii aHaIu3 IO3BOJSIET IOMETUTh (DYHKIHIO Kak
tm_callable u gaxe tm_pure o eé koay ¥ UCMOIB30BATH ITO MPH
€€ BBI30Bax.

Pa3paboTka onTuMHU3aImii emé He 3aBepIIeHa — BO3MOXKHOCTH

JUIsl JIajibHEHIIEero TMOBBIIIEHUS! MPOM3BOAUTEIBHOCTH JajeKO He

HCUYEPIaHBI.

4. Hemnoro o TM-6ubanorexe
CrienpanbHO ISl OMMCBIBAEMOW CHCTEMBI Obla pazpaboTaHa
STM-6ubmmorexka, s peKxTuBHO peanusyomas caMmble
coBpeMeHHble Meroamkun M. Kak Obulo Ccka3aHO  BEIIIE,
OoubimoTeKa peannsyetr GUKCUPOBAHHBIA, HO IOCTATOYHO IIHPOKHIMA
uHTEepdeiic, MO3BOISIONINN PEaTM30BaTh PA3IMYHBIC AITOPUTMBI H
MEPEKITI0YATh WX JUHAMHYECKU BO BPEMs HCIIONHECHHUS MPOTPAMMBL,
IIPH 3TOM OCTABIISISI KOMITUIIATOPY MPOCTOP ISl ONTHMU3AIUH.
HHTepdeiic conepKuT MPUMEPHO CISAYIONTHI Ha0op GYHKITHI:
TxnDesc* getTransaction()
int beginTx(TxnDesc*,int modes_and_hints)
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void commitTx(TxnDesc*)

int beginlnnerTx(TxnDesc*,int)

void commitinnerTx(TxnDesc*)

void abortTx(TxnDesc*)

void switchToSerialMode(TxnDesc*)
void write<Type>(TxnDesc*, Type*,Type)
Type read<Type>(TxnDesc*, Type*)

void logValue<Type>(TxnDesc*, Type*)
void logMem(TxnDesc*,void*,size t)

void writeAfterRead(Type*, Type)

void writeAfterWrite<Type>(Type*, Type)
Type readAfterRead<Type>(Type*)

Type readAfterWrite<Type>(Type*)
Type readForWrite<Type>(Type*)

Haznauenme OONBIIMHCTBA (QYHKIMH MOCTATOYHO MOHSTO.
Oyuknun  Buga  *After* w  *ForWrite wucnonesyrotes s
ONTHUMHU3AIMU TIOBTOPHBIX 00paleHNil K TaMsITH.

Ha pnannbplii MoMeHT OuOnMoOTeka peanusdyeT 4 OCHOBHBIX
pexxnma ynpasieHus TM:

1. C onTUMHCTHYECKHMHU IPOBEPKaMHU YTCHUI
2. C neccCUMMHUCTHYECKUMH TIPOBEPKaMH YTEHHUI
3. TlpuopureTHbIi

4. Cepuanu3oBaHHBIN

[lepBble OBa - 3TO KJIaCCHYECKas TPaH3aKIMOHHAS IAaMSTh C
HETIOCPEICTBEHHON OJOKHPOBAHHOHN 3alUChI0 U, COOTBETCTBCHHO,
OTJIO)KEHHOM M HENOCPEACTBEHHOM NpOBEepKON ureHuid. Tperuid
PEKUM MO3BOJISIET OTAATH (A0JITOM M KOHIIMKTYIOIIEH) TpaH3aKIUK
IIPUOPUTET BO BCEX KOHQIIMKTAX U TAKUM 00pa3oM HCIIOIHUTH €€ 10
3aBepmieHHst Oe3 orkaroB. [locnmemuuit pexxum — TiI00aNBHAs
OJIOKMPOBKA U CEPUITHOE NCTIOTHEHNE TPAH3AKIIUH.

B ocHOBHOM TpaH3aKIUU HCIOJHAOTCA B OJHOM H3 NEPBBIX
JIBYX PEXHUMOB (B KaKOM KOHKPETHO — BBIOMpPAETCS TUHAMUYECKH),
OCTaJIbHbIE UCTIONB3YIOTCS IS TOJJIEPIKKH CIIEIHAIbHBIX CITy4YaeB.

PexxuM ncriomHeHus Uil TpaH3aKIMKH ONOIMOTEKa B OCHOBHOM
BBIOMpaeT camMa Ha OCHOBE IPEAbICTOPUM HCHOJHEHHS H
XapaKTepUCTHK, TepelaHHbIX KOMIMJISITOPOM, OJTHAKO
omnpefieNIEHHBIE PEXHUMBI MOTYT OBITh 3aTpeOOBaHBI SIBHO JUIS
WCIIOJTHEHUSI BBOJIa-BbIBO/IA MJIM ONITUMHU3AINH.

Bonee moapobHo 6nbIMOTEKa onrucana B [14]
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5. TIpou3BOAUTENBHOCTH

TecTrpoBaHHe CHCTEMBI TPOU3BOIMIOCH Ha OOJIBIIOM YHCIIE
pasnuuHBIX porpamM, Biimouas SPLASH2 [18] u STAMP [2].
Hwxe mpuBoaurcs yckopenue ucnonnenuss SPLASH2
OTHOCHTEIBEHO

8.000

O FGL

BsTm —l ]

0 GLOCK

7.000 -

6.000 -

5.000 -

4.000 -
3.000 -
2.000 -

Puc. 1. Yckopenne Ha 8 moTokax ¢ onTUMU3aNMel

8.000
@ FGL
7.000 BST™
| O GLOCK —| ]
6.000
5.000 1
4.000 + —
3.000 + —
2.000 + —
1.000 1 —
0.000 + T T T T T T
2 & A <
& & & Qé\é\ o}é o &
& & Kej <L S
< & O S &
S <& S

Puc. 2. Yckopenne Ha 8 moTokax 6e3 onTUMU3ALUH
ONHOIOTOYHOTO  MCIIOJHEHHWsS Ui KOJAa C  COOCTBEHHBIMH
akkypatHbeiMH OoxupoBkamu (FGL), onHo# oOmieit 610KknpoBKO#
(GLOCK) u Hawteii cuctemoit (STM) Ha 8u-siiepHOi MalIUHE.

D¢ dexr or TM He ogMHAKOB JUIsl pa3sHbIX NMpHUIOKEeHHH. Tak B
RAYTRACE STM mnpourpsiBaeT gake oOmieil GIOKHpOBKE — BCE
TpaH3aKIMHA TaM KOPOTKHE W KOMIIMJISTOP CepUaliu3yeT HX, 0e3
OTOW ONTUMHU3ANMHU TPOUTPHINT 3aMeTHO Oousbmie (cM. pwuc.l).
OpHako 3aMeTHO, 4YTO HAKJIQJHBIE PacXo[bl Ha  3alycK
CEpUAIM30BaHHOM TpaH3aKLUMU BCE K€ BbIIIE, YEM IPU IPOCTOU
OsokupoBKe. ITOT 3P(HEKT 0COOEHHO CHIBLHO TPOSBISETCS KOTIa
UCIIONIB3YIOTCS BCE siJjpa B CHCTEME, Tak Ha lOH-saepHOH cucreme
i 8W  TIOTOKOB KapTHHAa OyZeT HE CTONb JpaMaTHYHOM.
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RADIOSITY Hao00poT cTpagaeT OT ONTHMH3AIHNN — TPAH3AKIIHU B
HEM pazHOpOIHBIE U 0e30 Beskux ontumm3anuit STM moxassiBaeT
JIy4lINi pe3ynpTar.

Oddexr ot ucnonb3oBanuss TM HPOSIBISIETCS TOJBKO MpH
JOCTaTOYHO OOJBLIOM KOJMYECTBE IOTOKOB — B HalleM cly4ae
JUIIb Ha4YMHas C 8 TOTOKOB HAa MHOTMX HpWIOKEeHUs X STM
HaYMHAET OLIYTHMO BBIUTPHIBATh Y 001IeH OIOKMPOBKY.

8.000
7.000 IO /
6.000 1
5000 1| —#—S™™ ad
4.000 1 GLOCK
3.000 ="
2.000 e
1.000 S
0.000 _ _ _

T 2T a7 8T

Puc. 3. Yckopenue ¢ yBeJu4eHUEM YUCJIA OTOKOB

6. 3axiaroueHue

B Teyenue Onmxkaiiniero Mecsna oOIIENOCTyNHAs BepCUs
OIMMCAHHOTO KOMIMIsATOpa Oyner oOHoBieHa. OHa OyneT OCHOBaHa
Ha HOBeWIeld Bepcuu 0a30BOrO KOMIWISTOpPAa M OyIeT BKIIOYATh
UCIIPaBJICHUEe  OINMOOK  MPEABIAYLIMX  BEPCUH,  MOIJICPKKY
BO3MOYKHOCTEH! OITMCAHHBIX B CTAaThe H JaXXe HECKOJIBKO Oobmie. Ho
paboTa MpoxoKaeTCs — BBEJCHHE HOBBIX ONTHMH3ALMNA TO3BOJIUT
emé THOAHATh NPOM3BOJUTENILHOCTh KOJAa W YCTPAHUTh MHOTHE
cmabple MecTa, KpoMe TOro, BeOyTcs paboThl IO YCTpaHEHHIO
HEHY>KHOTO KJIOHHPOBAaHMS M COKpAIICHUIO pa3Mepa OWHApHOTO
KoJa.

C npyroii cTOpoHbI BCE OoJbIlIEe CEPhE3HBIX UIPOKOB Ha PHIHKE
BeIyT paboTHl B 00JaCTH TPaH3aKIIMOHHOW MaMsATH: HHTepec K TM
BBICKa3bIBaloT Sun Microsystems [5,7], IBM [12], HP [2], AMDI8]
n npyrue. TexXHONOrHsS NOCTENEHHO BBIXOJUT 33 PaMKH YHCTO
HayYHBIX HCCIIEJOBAHMH — TOKa COCTOSIHME pa3paboTOK emé He
MIO3BOJISIET TIPUMEHATH M TOBCEMECTHO, HO IIOCTENEHHO OHa
MIOJTy4aeT NpHU3HaHKUE: B YACTHOCTH OHA WCIIOJIB3YETCs Ul IOCTYyIIa
K OoOmMM JaHHBIM B TakKUX CYNEPKOMIIBIOTEPHBIX S3BIKAX Kak
Fortress ot Sun[16], X10 ot IBM[4] u Chapel ot Cray[3].
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C pocToM 4uCIa Sep B MAaCCOBBIX CHCTEMaX MOTPEOHOCTE B TM
OyZleT TOJIbKO BO3pacTaTh, U €CJIM YIAaCTCs YCTPAHHTh OCHOBHBIC
y3KHE MECTa, TO CO BPEMEHEM OHA BIIOJIHE MOXET CTaTh OJHOW U3
OCHOBHBIX KOHIICTIIUH MapajuieIbHOrO IPOTrPaMMHUPOBAHHSL.
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Abstract

This paper presents the Linux Application Checker tool
designed for automated analysis of cross-distribution compatibility
of Linux applications. The need for such a tool comes from the well-
known problem of incompatibilities between Linux distributions
that prevent running an application on distributions which it was not
designed for. This situation brings problems both to users (because
they cannot run applications they need) and developers (because
they need to develop “clones” of their applications for different
distributions). Linux Application Checker is designed to largely
simplify development of portable cross-distribution applications.

The tool analyses the application component external
dependencies, takes into account inter-component relations and
creates a detailed report with the list of external libraries and
interfaces required by the application along with the information
about which distributions provide these libraries and interfaces and
which do not. In addition, Linux Application Checker executes the
tests for compliance to the Linux Standard Base (LSB) standard and
provides a simple way for certifying applications.

At the moment, Linux Application Checker is an official tool
approved by the Linux Foundation for checking applications for
LSB compliance, and it is also recommended to use by any
developers interested in writing portable Linux applications.

Keywords: Linux, LSB, application portability.
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ABTOMATH3ALUA aHAJIH3Aa cOBMecTUMoOcTH Linux
NPUIOKeHU I
¢ Pa3JIMYHBIMHU IUCTPUOYTHBAMU

Koncrantun Baagumup Pyéanos Anjgpeii Cmaués
Baacos HucruryT Hucruryr
HucrutyT CHCTEMHOI0 CHCTEMHOI0
CHCTEMHOI0 NPOrpaMMHUpPOBAHUsl NPOrPaMMHUPOBAHMSA
NPOrpaMMHPOBAHMA PAH PAH
PAH email: email:
email: vrub@ispras.ru biga@ispras.ru

vlasov@ispras.ru
Te3ucel

B crartbe mnpeacraBnen wuHCTpyMmMent Linux Application
Checker, mpenHa3HaueHHBIH U aBTOMAaTU3MPOBAHHOIO aHaJIH3a
COBMECTUMOCTH MPUIOKEHUHA C PAa3IMYHBIMUA JUCTPUOYTHBAMU
Linux. Pa3paboTka mnpuiioKeHuil, KOTOpble MOTYT paboTath 0e3
Kakux Jnb0 MoauduKaluii Ha pa3IUYHBIX AUCTpUOyTHBax Linux,
Ype3BBIYAHHO aKTyallbHa B YCJOBHUSX HAOJI0JaeMOro pocTa
HONYJISIPHOCTH JaHHOM IIAT()OPMBL

Linux  Application Checker anamusupyer pa3mu4HbIe
KOMIIOHEHTHl TNpPHWIOXKeHHUs (OWHApHBIE MOIYIM W CKPHITHI) U
BBISBIISICT HA0Op BHEIIHHMX 3aBUCHMOCTEH HPHIIOKCHUS - TJIABHBIM
00pa3oM KOHKPETHBIX BEPCHH OXHAAeMBIX OT JUCTpUOYyTHBA
OnOIMOTEK U HeOOXOJUMMBIX HHTEp(deiicoB (HYHKIMN U III0OATBHBIX
naHHBIX). ComocTaBisisi MOJNyYeHHBIC TaHHBIE ¢ 0a30il 3HaHWHA O
KOHKpEeTHBIX  jaucTpuOyTtmBax, Linux  Application  Checker
MO3BOJISIET ~ pa3pabOT4MKaM W TOJIb30BATENSIM  NPUIIOKEHHUN
OIpe/IeNATh HAa KaKUX TUCTPUOYTHBAX NaHHOE MPHIOKCHHE MOXKET
obiTh 3amymienHo. Takoke Linux Application Checker mossomsier
MPOBOJIMTH TECTUPOBAHKE MPUIIOKEHUH HA COOTBETCTBHE CTAHAAPTY
LSB.

B Hacrosimee Bpems Linux Application Checker ogo6pen Linux
Foundation B kadecTBe OGMHMIHATIBHOTO CPEACTBA CEPTUDHUKAIINU
OpUiIoKeHuit Ha cootBercTBHe LSB W pekomenayercs K
HCIIONB30BAaHHUIO BCEMH DPa3pa0OTYMKAMH, 3aHHTEPECOBAHHBIMU B
MEPEHOCHMOCTH UX TPUIIOKEHII MEXIY AuCTpuOyTrHBamu Linux.

Keywords: Linux, LSB, nepeHOCUMOCTb TPHIIOKESHUI.
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BBenenne

B Hacrosmiee Bpemst B Mupe HacuuTbiBaercs Oosee 500 myOnmuHBIX
auctpubytuBoB Linux (mampumep, cm. http://lwn.net/Distributions/).
Kaxnplit 13 Takux JUCTPUOYTHUBOB IIPEACTABISET COOOH YHHKAIbHYIO
KOMOMHAIIMIO  OINpEAENIeHHbIX  Bepcuid/Moaupukauuii  6a3oBBIX
KOMITOHEHTOB, TaKHX KaK sIp0, OMOIMOTEKM, CHCTEMHBIE YTHINTHI,
OPWIOKEHWs] W T.0. B [gaHHOM Jokimane aucTpuOytuBbl Linux
paccMaTpHuBarOTCs KaK TIaT(hOPMBI JUTS obecrieueHns
(YHKIMOHMPOBAHUS ~ CTOPOHHHX  IIPWIOKCHHH (TO ecTb  He
BKIIOUYCHHBIX B KOMIUIEKT IIOCTaBKH CaMHM IIPOM3BOJHUTEIICM
muctpuOytuBa). C STOH TOYKHM 3pEHUS TIIABHBIMH KOMITOHEHTAMH
JUCTPUOYTHUBA SIBISIOTCS COOCTBEHHO SIIPO ONEPAMOHHOW CHCTEMBI U
Habop  pas3menseMblx ~ OMONHMOTEK,  KOTOpble  INPENOCTaBIISIOT
NIPWIOKEHUSIM TpUKIaaHele OuHapHble uHTepdeiicel (ABI) B BuIe
(GYyHKIMH 1 TTI00aIbHBIX JaHHBIX.

[MpobGnema 3akiroyaercss B TOM, 4YTO B pasHbIX JAUCTPHOYTHBaX
MOCTABJISIIOTCS.  Pa3Hble BEpCUM OWOJIMOTEK, B TOM YHUCIE C
YHUKQIBHBIMH ~ W3MCHEHHSMH,  BHECEHHBIMH  Pa3pabOTUYHMKaMHU
aucTpuOyTHBa. B uTore 3T0 MOXeET 03HAYaTh pa3HbIe HHTEP(EHCH AT
MIPWIIOKEHNUH, KaK 110 cOCTaBy, TaK M MO MoBeAeHHI0. IMeHHO osToMy
Hanucath CTOPOHHEE IPHIIOKEHHE, KOTopoe OyneT paboTaTh Ha Bcex
IUCTpUOyTHBax, Ja eme M 0e3 MepeKOMMWIINUK (4TO BayKHO IS
MHorux mnpomsBogurenei I1O), oxa3pIBaeTCs CIOXKHOW 3amadeil.
[MpousBoauTeNM NUCTPUOYTUBOB CTAPAIOTCS CMSTYUTH ATy HPOOIIEMY,
IIOCTaBIIAA HECKOJIBKO BEPCUIl OJHOM M TOM ke OMOIMOTEeKH B cOCTaBe
JUCTpUOYTUBA, 4YTOOBI pasHble IPUIOKEHHUS MOIJHM HCIOJIb30BaTh
HEOOXOIMMbIC UM BepcHU. Y CHIUSI 1Mo cTaHmaptusanuu Linux B Bume
craugapra Linux Standard Base (LSB) [1]-[2] Takxe cmocoGcTBYrOT
TOSIBJICHUIO ~ TapaHTUPOBaHHOTO  Habopa  0a30BBIX  CHCTEMHBIX
OHUOIMOTEK B OCHOBHBIX TUCTPUOYTHBAX.

OpnHako, pa3paboTYMKaM MPWIOKEHUH JJOCTATOYHO CIIOXKHO HaWTH
LEHTPAIIN30BaHHBIE CBEJCHUS O COCTaBe PasJIMUHBIX TUCTPUOYTHBOB
JUISL aHaJu3a TEPEHOCHMOCTH CBOMX IPHWIOKEHHH M Ul TPUHSATHS
pelIeHniT O BO3MOXHBIX KOHKPETHBIX Mepax I10 YIIy4YIIEHHIO 3TOH
NIEPEHOCUMOCTH. VIMEHHO IO3TOMY aKTyajlbHOM 3ajadueil CTaHOBUTCS
cbop TaKOH uHpOpMAaN u pa3paboTka CpencTB
ABTOMATH3MPOBAHHOTO aHaIN3a MEePEHOCUMOCTH TMPHIOKEHHH MEXITy
OCHOBHBIMH JHUCTPUOYTHBAMH, CBEJCHHUS O KOTOPBIX UMEIOTCSI B TaKOM
6a3e JaHHBIX.
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B nmanHOW cTarhe TpencTaBieHBl pe3yibTaThl  pabdor lleHTpa
Bepudukaumn  OC  Linux [3] mnpu UHCTUTyTE CHCTEMHOrO
nporpammupoBanuss PAH (UCIT PAH) [4], nocBsieHHbIEe YKa3aHHON
npobnemaruke. IIpencraBiena 0Oa3a 3HAaHWMH O AWCTPUOYTHBAX U
HHCTPYMEHT aBTOMAaTH3MPOBAHHOTO aHanm3a coBMecTuMocTd Linux-
npuiIokeHunit ¢ quctpubyTnBamu - Linux Application Checker.

Bas3sa 3nanmii Linux Foundation

JU1st cTaHmapTU3alWy, 3alUThl U TPOABIKCHUs LiNUX kpymHeimmmu
NT-xoMnaHusMH, cpeu KOTOpbIX crouT ymomsuyth IBM, Intel, HP,
Novell, Oracle, 6bi1 co3man MeXIyHapoAHBIH KOHcoOpimyM Linux
Foundation [5], xoTopslii B HacTosiiee BpeMsi MPEACTaBIsieT co0Oit
OCHOBHYIO B MHpE IUIOIIA/KY, OOBEIUHSIOIIYIO YCUINS ¥ SKCIEPTU3Y
pa3IMuHBIX OpTraHM3alMid W JUIl, 3aUHTEPECOBAHHBIX B YCIICIIHOM
paszButuu Linux.

JU1s  LeHTpaIM30BaHHOTO aHaiuu3a »JKocucTeMbl Linux B pamkax
nporpammbl LSB  Infrastructure [6] (coBmectno Linux Foundation u
UCII PAH) 6p11a cozmana 6a3a TaHHBIX, colepiKammas HHPOPMAIHIO O
COCTaBE pA3IMYHBIX IUCTPUOYTHBOB (B TIEPBYIO O4YEpEIb HaIHUYHC
OTIpe/IeIICHHBIX OMOMNOTEK U MHTEP(EHCOB), O BHEIIHNUX 3aBHCUMOCTSIX
peasbHBIX MPUIOKEHUH M O CTaHAapPTU30BAaHHBIX B paMKax CTaHAapTa
LSB anemenrax.

B nacrosmiee BpeMs 3Ta 0a3a JaHHBIX BKmrodaeT 6osee 80 Tabiuui ¢
cymMmmapHo 25 wmwinnoHamMu 3anuceid.  OCHOBHYIO 4YacTh JIaHHBIX
3aHMMAIOT CBEJCHUs O AMCTPUOYTHBax U mpuiokeHusx. [lo
cocrostHAIO Ha ceHTI0ph 2008 roma 6a3a comepkut uHMBOpMAIHO 0 53
muctpuOytuBax w1087 mpunoxenusx. HMHpopMmanms TOCTOSHHO
OOHOBIsIeTCS. OTH CBEAEHHWS HCIOJB3YIOTCSI B TOM YHCIE IS
TIOJI/ICPKKH IPUHATHS PEIISHUH 110 pa3BUTHIO cTanaaprta LSB.
Conepxumoe 0a3bl AaHHBIX JOCTYITHO AL yAOOHOTO IIPOCMOTpa c
TIONCKOM M KpOCC-HAaBHTAIed C MOMOIIBIO CIICIHAIN3UPOBAHHOMN
unpopmannonnoii cucremsr LSB Database Navigator [7].
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Linux Application Checker

Urobsr 3¢dexTrBHO HCIONB30BaTh HHOOPMAIMIO H3 MOCTPOCHHOU
0azel 3HaHmii Linux Foundation s aHanM3a COBMECTHMOCTH
KOHKPETHBIX IPUIOKCHUH C MMCIOIIMMIECS B 0ase AUCTPHOYTHBAMH,
6bi1 paspaboran mHCTpymMenT Linux Application Checker (kpatkoe
nasBauue App Checker), cosmammbiii B pamkax mporpammel LSB
Infrastructure B poccuiickom Llertpe Bepudukarmu OC Linux.
Linux Application Checker npenocrapiseT Moib30BaTeN0 BU3yalbHbIH
BeO-MHTEpdeEic, KOTOPBIH obecrednBaeTcsi MPOCTHIM BeO-CEPBEPOM,
BCTPOCHHBIM B HHCTpyMeHT. Ha craprtoBoit crpanuie (Application
Check) monp3oBatento mpeamaraeTcss yKa3aTh MOJHBIA — Habop
KOMITOHEHTOB TECTHPYEMOro MpWIOXKeHHs. B 3ToT Habop Moryt
BXOJUTH CJICAYIOIINUEC TaHHBIC:

e OTHeNbHBIC (ailib;

® KaTalOId CO BCEM CONCPIKHMBIM;

e YCTaHOBOYHBIC TMakeThl W apxwuBbl Qopmaros RPM, DEB,

TAR.GZ, TAR.BZ2;

® [PUCYTCTBYIOIINE B CHCTEME YCTAHOBICHHBIC MTAKETHL.
B mpouecce tectupoBanus App Checker mpocmarpuBaet comepxumoe
apXHBOB M KATaJOrOB, W3BJICKAeT (aiIibl, MOJICKAIINE MPOBEPKE
(ucnonHsieMble IBOWYHBIE (aiilibl, pa3aeiseMble OMOIUOTEKH, a TaKKe
CKpHIITHI, HanucaHuble Ha s3bikax Shell, Perl u Python) u mpoBoxut
HaJl HIMH CEPHIO TECTOB.

1 i.HiNUX QP APPLICAT?g:I
FOUNDATION © CHECKER

Application Check | [Result History| | Help | About Administration

. | Please upload info about your application to the LSE Mavigator &,
Analysis Results for alsa-1.0.11-32.7 on x86

There are 5 of 28 distributions (see below) that provide all the required libraries and interfaces

# The Application uses 2 external libraries incompatible with LSB 3.2

J [@ Distribution Compatibility | 22 App Components | ‘ @| External Libraries | ‘ & External Interfaces ‘ | ) LSB Certification

The table below shows the compatibility status of your application with the distributions analyzed by the Linux Foundation. Your Application will run on the
"green” distributions without loader problems. Cornpatibility with the " " distributions can be easily achieved by excluding unneeded libraries from the
dependencies of your application. Making the Application compatible with the "red" distributions may require more effort to awoid using rissing librariesfinterfaces
or by supplying them as a part of your application package. Please note that functional correctness is not guaranteed by this analysis.

Summary Missing Libraries Missing Interfaces
Comments
Distribution Status e Common > | Unknown ‘2 Common ‘?* Unknown ‘7
SLES 10& 0K none none none none

BrmonHseMBIE TECTBI MOXKHO pa3NeNuTh HA JBE TPYINBL MpPOBEpKa
COBMECTHMOCTH TPHIIOKEHHS C pPa3IMYHBIMH JucTpuOyTHBamMu Linux
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(uadopmanms 0 KOTOpIX HMeeTcss B Oase 3HaHmii Linux Foundation) u
NpoBEpKa MPHIOKEHHUsT Ha cooTBercTBHE cTaHmapty LSB. Tecrsr u3
MEepBOM KaTeropuy MpeaHa3HaueHbl sl BCeX pa3paboTYMKOB, Nepen
KOTOPBIMH  CTOMT 3ajada obecmedeHUs pabOTOCIIOCOOHOCTH — HMX
HPHUIOXKEHUSI Ha pasmuaHbIx Linux miatdopmax. Ilop3oBarento Bea&TCsa
Ha0Op OTYETOB, B KOTOPBIX MEPEUHCICHBI HMPOOJIEMBI, HE MO3BOJIAIOIINE
UCTIONB30BaTh NPHIOKEHWE Ha OMNpENeNIeHHBIX aucTpuOyTmBax. Camoit
4acTO BCTPEUAIOMIEHCS MPOOJIEMO SIBISETCS OTCYTCTBHE HEOOXOIUMBIX
Bepcuii OMOMMOTeK WiIM HHTEp(EHCOB B TEX WM MHBIX AUCTPUOYTHBAX.
App Checker cuutsiBaetr u3 ELF-daiinos cexuumu .dynamic u BbiaemnseT
orryna 3anucu tuna DT_NEEDED, B KOTOpbIX M mepeyHciIeHBl Bce
OMOMMOTEKH, HEOOXOAMMBIE JUISl  3allycka IPWIOKEHMs.  Taroke
aHanu3upyrorcss  cekuuu .dynsym wum .symtab, ortkynga wu3BiekaeTcs
uHdopManus 0 HEOOXOAMMBIX NpHIIOKEeHUIo BHemHux ELF-cuMBomax
(unTepdeticax). Pasymeercs, npu aHanu3e yYUTHIBAIOTCS BCE BHYTPEHHHUE
3aBUCHMOCTH MEXIy KOMIIOHEHTaMHU IPWIOKCHUS, M IMOJIb30BATEIIO
BBIIAETCSA TOJBKO CIMCOK BHEIIHMX OMOIMOTEK M MHTEp(eiicoB, KOTOpBIE
HE COJIeprKaTcsl B KOMIIOHEHTaX CaMOT0 IPHII0KEHHS.

B nomonnenue k cmucky 3aBucumocteir App Checker  BeiBomut, rne
BO3MOXKHO, Pa3JINYHBIC CBEICHHS U PEKOMEHAAUWH U3 6a3bl 3HaHUH Linux
Foundation, HampuMep peKOMEHIAIMK, YeM 3aMCHUTH YCTapeBIIUE
(deprecated) wHTepdeiichl, WIH COBETHl BKIIOYUTH OMPEAEICHHYIO
6uONMMOTEKY B COCTAaB MOCTABKHU MPHIIOKEHHUS.

LSB-tecthl Gonee cneunduuHbl. VX OCHOBHOE Ha3zHayeHHWE — aHAJIM3
pacxoxzaenuii co crangaprom LSB c¢ menplo ux ycrpaHeHus, a Takxe
co3/laHHe OT4YETa, Ha OCHOBE KOTOPOTO CEpTU(PHKAIMOHHAS KOMHUCCHS
CMOXKET BBIHECTH 3aKJIIOYEHHE O COOTBETCTBHU (MJIM HECOOTBETCTBHH)
npwiokeHuss craHpapry LSB. Amnamu3 TpeOyempIx OHONMOTEK U
uHTEp(EHCOB 3/1eCh TaKKe BBINOJHACTCS, HO TOJYYEHHBIH CITHCOK
cpaBHHMBaeTcsi He c 0a3zoi auctpuOyTMBOB, a c uH(pOpManmed o
CcTaHnapTH30BaHHBIX LSB  anemenrax (mpwiokeHHe HE  JIOIDKHO
UCIIONb30BaTh  OuOmmorekn W uHTepdeiickl 32  mpeaenamu
cranaptu3oBaHHoro LSB nmoxmuoxectsa). [ToMHUMO 3TOT0 MpOBEPSIFOTCS
JIpyrue acmnekTsl, perjameHtupyemble LSB, Ttakume kak OuHapHas
ctpykrypa ELF-daiinoB m makeroB RPM, mcrmons3oBanne crieruaabsHOTO
LSB-3arpy3uuka, u T. [I.

HUcnoab30BaHNe 0TYETOB
Linux Application Checker

Io oxonvyanum TectupoBanus Linux Application Checker BeiBogut oTuér,
o0IIHii BUJI KOTOPOTO MPEICTaBIIcH Ha puc. 1. B BepxHe yactu HaxoauTcs
KpaTKHid BEPOUKT PE3yJbTATOB TECTHPOBAHUS, KOTOPOE MOXKET JIHOO
MPOUTH YCTEIHO, JIMOO COOOUIUTh O YaCTUYHOHW COBMECTHMOCTH, OO
BBIIATh BEPIHKT O ITOJHOH HECOBMECTHMOCTH MPHUIIOKEHUS C N3BECTHBIMHU
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quctpubytuBamMu. UyTh HM)KE MOXHO BHMJIETh CBOAKY (Summary) mno
OCHOBHBIM  aclleKTaM  COBMECTUMOCTH, TaKUM KaK  KOJHMYECTBO
JUCTpUOYTHUBOB, HA KOTOPBIX MPHIOKEHHE 3arycTUTCsl 0e3 mpodiem, nin
KOJIMYECTBO HCIONB3YEMBIX HECTaHAAPTHBIX OMONHMOTEK M WHTEPQEHCOoB.
Janee pacnoyioxeHbl IIATh BKJIAJOK-OTYETOB, Ha KaXIOW M3 KOTOPBIX
MOXKHO HAaWTH JeTAIbHYI0 HH(POPMALUIO, HMCIOIIYI0 OTHOIICHHE K
npobiaeMaM COBMECTHMOCTH. PaccMOTpHM COIEpKHMOE 3THX BKJIAJIOK
Ooee moapoOHO.

Ortuer Distribution Compatibility

Ota BKJIaJKa OTKPBITA IO YMOJIYAHUIO U COAEPIKHUT KPATKYIO CBOJIKY O TOM,
C KakUMH JUCTPUOYTHBAMH W3 YHCIAa TPHCYTCTBYIOIMUX B Oase Linux
Foundation mpuioxeHne cOBMECTHMO, a ¢ KakuMu — HeT. Vudopmanms
Npe/CTaBlICHa B BHAE TaONMIpBI, IIe KaXIas CTPOYKa COOTBETCTBYET
KOHKPETHOMY IUCTPUOYTHBY M OKpallleHa B 3€JCHBIH, OPAaH)KEBBIH HIIN
KPACHBII I[BET COTJIACHO CTATYCy COBMECTHMOCTH. Ba’kHO MOHMMATH, 4TO
aHaIM3 Ha COBMECTUMOCTh TapaHTHUPYET JIMIIb BO3MOXHOCTh 3aITycKa
MPWIOKEHNUS, YTO HE BCErJa O3HadaeT KOPPEKTHYI0 padoTy. OCHOBHYIO
YacTh aHallM3a COCTAaBISIET NPOBEPKAa HAJIWYMA B AUCTPHOYTHBE BCEX
Ooubnmmorek W wWHTep(EeHCOB, HEOOXOAMMBIX IS PAaOOTHI MPUIOKCHUS.
HaBenst ykaszarenb MbIIIM Ha S4YEiiKy CO CTaTycoM MAJisl KOHKPETHOT'O
JUCTPUOYTHBA, MOXKHO YBHUJIETh KOJIMUECTBO HEJOCTAIOIIUX OMOIHOTEK U
uHTEepdeiicoB, a MEIKHYB MO JI000M TakoW sueiike — pa3BepHYTh
TalbnuIyy, 0ToOpa3uB ATH JAHHBIE cpa3y Al BceX AUCTPUOyTUBOB. CTOMT
OTMETHTb, YTO CYIIECTBYET ocobas kareropusi 6ubnuorek «Unknowny: B
He€ BXOIAT T€ OUIEMEHTHl, O HAIMYMM WJIN OTCYTCTBUH KOTOPBIX B
JUCTpUOyTHBE HUYETO HE M3BECTHO. Takas CHUTyalusl BbI3BaHa TEM, YTO
XpaHEHHE BCEro COJEPXKMMOTO ISl KaXKIOro IMCTPUOYTHBA CIHUIIKOM
CHJIBHO YBENMUYMWIO Obl 0a3y NaHHBIX WM 3aTPYAHWIO €€ HCIIOJIb30BaHUE.
[losTomMy ©Oblma BBIZENIEHA CIENHANbHAs TPYINIAa TaK Ha3bIBAGMbIX
«M3BECTHBIX» pa3elsieMbIXx OHONMMOTEK, B KOTOPYIO BKIIOYAIOTCS
OmONMMOTEKH, KOTOPBIE MOTYT BKJIIOYATHCS B COCTaB JAUCTPUOYTHBOB IS
COBMECTHOTO  HCIIOJIb30BaHHMS  PAa3IMYHbIMH  MPUWIOKEHUAMH.  OTO
MO3BOJISIET HMCKJIIOYMTh XpaHEHHEe OWOJIMOTEK, MPUCYTCTBYIOIIUX B
JUCTPUOYTHUBE HMCKIIOYMTENFHO KaK 4acTh KaKOTO-TO CaMOCTOSITEIBHOTO
NPWIOKEHUS, W TEM CaMblM 3HAYUTEIbHO YMEHBUIUTH pazMep
3allOMMHAEMBIX JaHHBIX. B Hacrosiiee BpeMs CIUCOK BKIodaeT 723
3amucu  SONaMme  «M3BECTHBIX» OHONMOTEK M NPOJOJKAET ITIOCTOSHHO
MIOTIOJTHATBHCS T10 MEPE BBIXO/a HOBBIX BEPCHIH.

Taxum 0Opa3om, repBas cTpaHHIa OTYETA TTO3BOJISIET OBICTPO ONPEJECITHTH,
Kakue JUCTPUOYTHBBI TPEJOCTABISIIOT BCE HEOOXOAMMBIE NMPUIOKEHUIO
O6ubmMoTekn M MHTEpQENCH, a A NPOOJICMHBIX AUCTPHUOYTHUBOB Y3HATH
(mocpencTBom THIIEPCCHUIOK, OTKPBIBAIOIINX JOTIOJTHUTEIIbHBIE
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WHGOPMALIMOHHBIE OKHA), YEero HMEHHO HE XBaTaeT B KOHKPETHOM
JCTpUOyTHBE.

[ToMuMoO BBIIIENEPEUYHCIEHHOTO, CYLIECTBYET €€ OJUH acHeKT aHajH3a,
KOTOPBHI HE SBISETCS TECTOM Ha COBMECTHMOCTb, HO KOTODPBIH MOXET
3aMETHO OOJISTYNTh NPOLEAypY HOPTHPOBaHMSA NPHIOKEHHI. B cuiy
Pa3IMYHBIX OOCTOSTENECTB HEPEAKO IPOHMCXOAUT TaK, YTO B CIHCOK
3aBUCUMOCTCH TPIJIOKCHUS BKIIOYEHa OWOIHMOTEKa, M3 KOTOPOH He
HCTIONB3yeTCsl HU ofHOTO MHTepdeiica. App Checker orciesxkmBaer Takue
CUTYaIlld U COOOIIaeT 0 HATMYUH «HEHYKHBIX» OHOIHOTEeK. Pa3spaboTank,

Puc. 2. Briragka App Components

obnazas 3Toi HHpOpMAaIKEi, CMOXKET HOAIIPAaBUTH OMIUK KOMIOHOBIINKA
TakK, 4YTOOBI 3TH HEWCIOJb3yeMble OMOIMOTEKM HE IOAKIIOYANNCh, H,
TaKUM 00pa3oM, MPAKTUYECKH O€3 TPyH03aTpaT YIydIIUTh COBMECTUMOCTh
C TeMH AUCTPHOYTHBAMH, HA KOTOPBIX 3TUX OMOIHOTEK HET.

Otuer App Components

Crnenmyromas  BKJIAJKa  IPEJOCTABIACT  JCTalbHBIE  CBEICHUI O
MPOTECTUPOBAHHBIX KOMIIOHEHTax MpuioxkeHus (cMm. puc. 2). K takum
KOMIIOHEHTaM OTHOCSITCS OTJIeJbHbIE OWHApHbIE MOJIYIH, pa3zeisieMble
OMOIMOTEKN M Pa3IMYHbIE CKPHUIITHI, BXOSIINE B OCTABKY MPUIIOKCHHUS.
Jlist KakJ0ro Takoro KOMIIOHEHTAa BBIBOASTCSI CBEACHUSI O CTEIEHU €ro
COBMECTUMOCTH C JAUCTpUOYyTHBaMH U co ctanaaproMm LSB (3aBucumoctu
OT JpYruX KOMIIOHEHTOB IPWJIOKEHUS HCKIIOYAIOTCsA) C YyKa3aHHEM
KOJIMYEeCTBA KOHKPETHBIX TIpoOieM (OTCYTCTBYIOIIUX OHONHOTEK U
HHTEP(EHCOB). DTO MO3BONISAET OBICTPO HIACHTH(MOUIIUPOBATH MPOOIEMHEBIE
KOMITOHEHTBI B COCTaBe Oonbmmx npuioxeHud. [lo cceikam B sueiikax
TaOJHIBI MOJKHO TIepeiTH K OoJiee eTanbHON MH(OPMAIIHH.

| @ bistribution Compatibilty |

22 App Comp ‘ ‘ @| External Libraries | | & External Interfaces ‘ ‘ LSB Certification

Distribution Missing Missing  Unneeded LSB 3.2

C t
omponen Compatibility | Libraries | Interfaces | Libraries Compatibility

Comments
3 interfaces are since

PKGustbinfaconnect 260f28 (ist..)| none | Fof14(.) LSB40

1 non-LSE library,

PKG:ustibinfalsamixer 220f26 (st ) 1 0f5(.) 25 0fd5 () 6 non-LSE interfaces

Otruer External Libraries

Ha Tperseii Bkiaznke, n300pakEHHON Ha puc. 3, IpeACTaBIEHb! JaHHBIE 00
HCTIONB3YEMBIX TPHIIOKEeHHeM OubmmoTekax. i kaxmol OmMOIHMOTEKH
MIPHUBOJATCS CIETYIONINE CBEACHUS:
® CIHCOK KOMIIOHEHTOB MPWIOXKEHHS, KOTOPBIM TpedyeTcs
yKa3aHHast ONOJINOTEKA,;
® KOJIWYECTBO MHTEP(}EHCOB, MCIONB3YEMbIX NPHUIOKEHHUEM W3
JIAHHOH OMOJIMOTEKH;
e UCTPUOYTHUBBI, B KOTOPBIX OMOINOTEKA IIPUCYTCTBYET;
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e craryc OMONMOTEKH IO OTHOILICHHUIO K ctanaapty LSB.

@ Distribution Compatibility ‘

7% App Components | | @ External Libraries | ‘ & External Interfaces | ‘ ) LSB Certification

The table below lists all extemal libraries required by your Application (based on DT_NEEDED ELF section). LSE and Distribution presence statuses are provided
far each library. You can adjust distributions of interest and the report will be updated appropriately

Select distributions... (28 of 28 selacted)

IAH 4| mIAII < Blibraries shown. [Recet all iters]

Library . Dfependen( Interfaces P.res.em:fa in InLSB3.22 Mors Info
Application Components Actually Used Distributions

libc.so.6 &2 26 components (..) 114 28 of 28 (list...) Yes Details.
libdl.s0.2 & 20 components ..) 4 28 of 28 (list. ) Yes Details

[Ipu momMomy (GUIBTPOB IONB30BAaTENb MOXET HACTPOUTH OTOOpakeHHe
TOJIBKO WHTEPECYIOMINX €ro CBEACHUH. B 4acTHOCTH, MOXXHO OTPaHUYHTH
CIHCOK aHANM3UPYEMBIX OUCTPUOYTHBOB, HAIPUMEP, HWCKIIOYNB BCE
ycTapeBinie (BBINYIIEHHBIE paHee OMpenei€HHOro Troja), WM IOoKa3aB
TOJILKO OMOJIMOTEKH, UMEIOIINE ITPOOIEMbl COBMECTHMOCTH.

Otuer External Interfaces

JlaHHas BKJagKa TMPAKTUYECKH TMOJHOCTHIO AaHAIOTHYHA MPEAbIIYyIICH,
TONBKO TPENOCTABISIET CBEJCHUS HA YPOBHE HMHTEP(ENUCOB BMECTO
Ooubmmorek. B umcno otoOpakaeMBIX MaHHBIX JOOABISIOTCS BEPCHH
uHrepdeiicoB W uMeHa OWUOMHOTEK, OSKCHOPTUPYIOMIMX  yKa3aHHbIC
HHTEPEHCH.

Otuer LSB Certification

Ora BKIaaka co3jaHa Juisi  oOnerdeHust mporecca  cepTuhHUKanuu
MIPUJIOKEHUST Ha cooTBeTcTBUE cTaHnapty LSB. [Tonb3oBaTesnio BBIBOIUTCS
CIHCOK BCeX OOHapy)XEHHBIX NPOoOJIeM, KOTOPBIH MOXHO TPYNNHPOBATH
100 1Mo KOMITOHEHTaM, MO0 IMo KateropusMm ommubok. Ecnu mpunoxenue
cootBercTByeT LSB, paspaborumk  MOXeT  HadaThb  HpPOLEHYpPY
ceptTu(UKanNM, TEpelas 10 COOTBETCTBYIOIIEH CChUIKE B OHJIANH
cepTudukannonnyw cucremy Linux Foundation. Emy Oyzmer mpemnoxeHo
co3mare y4éTHYIO 3amuch (ecnmM  OH He Jenal  3TOro  paHee),
3aperucTpUpOBaTh TNPOAYKT U 3arpy3uThb pe3yjbTaThl TECTHUPOBAHMS,
noaroroeneHueie App Checker. B ciydae ycnemHoW ceprudukanin
npuioxkenne Oymer Brmou€HO B oduimanbHbIi  peectp  LSB-
cepTU(UIMPOBAHHBIX TIPOYKTOB.
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3arpy3ka 1aHHbIX Ha cepBep Linux Foundation

Jlaxxe ecnu mpuiioxKeHHe He MpoxoauT tecT Ha LSB, mHpopmanuio o HEM
MOKHO 3arpy3uth B 0a3y maHHbIx Linux Foundation. Dto momoraer
aHATM3UPOBATh pEAIbHBIE IMOTPEOHOCTH pa3pabOTUMKOB MPOTPAMM H
YYHTHIBAaTh UX MpH 00CYKIEHUH cocTaBa OyIaymux Bepcuii cranmapra LSB.
Ha crpaHmie pe3y/npTaToB NMPUCYTCTBYET ClieHHManbHas cChuika «Uploady,
IIpH IIETYKe MO0 KOTOPOH OTKphIBaeTcs (hopma 3arpy3ku. B Heit TpeOyercs
yKa3aTb HMsI TPWIOKEHHUS, €T0 BEPCHIO, HEKOTOPHIE NaHHBIE O THIIC
TIPWJIOKEHUS] M €r0 XapaKTEePUCTHKaX, Iocie 4ero MHGopManus o cocTaBe
MPUIOKEHUS M €r0 3aBUCUMOCTSIX OyzeT 3arpykena va FTP-cepsep Linux
Foundation, otkyzma oHa Oymer najiee BHeceHa B 6a3y JaHHBIX. JlaHHBIE O
3arpy’)K€HHbIX TaKMM O0pa3oM NPWIOKEHUSIX MOXHO Buaeth B LSB
Database Navigator o CCBILITKE
http://linuxfoundation.org/navigator/browse/app.php.

3akiaroueHue

Pasmmums B guctpuOytuBax LinUX Ha ypoBHe HpenoCcTaBIsIeMBIX
NPUIOKSHUSIM OIEPALIMOHHON CHCTEMOW CepBHCOB, OMONMNOTEK M QYHKIMH
OINPENIENICHHO CO3JAal0T MpOOJIeMBl JUIA HE3aBHCHMBIX Pa3pabOTIMKOB
MPUIOKEHUH, KOTOPBIM YacTO MPUXOJMTCS CO37aBaTh OTIACIbHBIC COOPKH
HX TPOTpaMM JUIS KaXIOr0 W3 OCHOBHBIX MUCTpHOyTHBOB. K cuacThio,
WHUIMATHBBI 10  CTaHaapTu3anuu  mwiathopmer  Linux wu  ycwmus
NPOU3BOAUTENICH  MUCTPUOYTHBOB 10  MOAJCPKKE  YHACICIOBAHHBIX
MPUIOKEHUH TIPUBOJISIT K MOSABICHUIO ONPEIeIeHHOro 6as3rca, Ha HaTH9ne
KOTOPOTO ~ MOXXHO  pacCYUTBIBAaTh B OOJBIIMHCTBE  IMOMYJISPHBIX
OUCTPUOYTUBOB. [IpHIIOKEHHs, WCHONB3YIOMHE BO3MOXKHOCTH TOJBKO
9TOro 0asuca, CTAHOBATCS BIIOJHE IEPEHOCHMBIMH MEXIY Pa3InYHBIMU
JUCTPUOYTHBAMH Ja)ke HA OMHAPHOM YPOBHE.

Benymme wmupoBsle WT-komMmanum B paMkax KoHcopuumyma  Linux
Foundation mpmuiarator cepbe3Hble YCHINS Ul OOJNErdeHHs MOIJICPIKKH
Linux mpou3BoauTeNsIMH HE3aBHCHMBIX TPHIOKEHUi. [IpencTaBieHHbIE B
JIAaHHOW cTaThe 0asa 3HaHWi W uHCTpyMeHT Linux Application Checker,
paspaboranHsle 1o  3akazy  Linux  Foundation  poccuiickumu
CTCIMATNCTAMY,  SBJIIOTCSL B HACTOSIIEE  BPEMSI  OCHOBHBIMH
HHOPACTPYKTYPHBIMH KOMITOHCHTAMH, TIO3BOJISIIONIMME  pa3paboTankam
Linux mnpumoxenuit >pHEKTHBHO aHATM3HPOBATH ©  OOECICUYMBATH
HMepeHOCHMOCTh cBoux mpuioxeHuid. Taxoke, Linux Application Checker
SBJISCTCS] OQULUUATIBHBIM CPEICTBOM ABTOMATHU3MPOBAHHOH CepTHOUKALMH
npunoxenuit Ha LSB-coBmectumocts. TlocneaHow BEpCHIO HHCTPYMEHTA
MOKHO 3arpy3uTh co cTpaHuibl mpoekta LSB Infrastructure [6].
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3agaya Kak MOTHUBHMPYIOIIHUI (paKTOP

Cgaetsiana A. CaBeabeBa
AT Software
s.saveljeva@at-software

... OJIMH IPOTPaMMHUCT KJIaJET Nepes APYTUM OJHOCTPOUHYIO
porpamMmmy U JIM00 TOpA0 paccKa3biBaeT, YTO OHA JEJIAeT, a 3aTeM
crpamuBaeT: "A Thl MOXKeIIb 3aKOIUPOBATh ATO MEHBIINM
KOJIMYECTBOM CUMBOJIOB?" - KaK OyITO 3TO HMEET KaKyk0-TO
NPaKTHYECKYIO EHHOCTb, - JTM0O0 MPOCTO crpammBaeT: "Yrajaan, Kak
aTo paboraet!".

Aacrep B. Jleiikcrpa, « CMUPEHHBII IPOrpaMMUCT

Beryniienne.

Ynaepxanue KBanu(UIMpOBaHHOTO paspadorumka [10 B koMmaHuu
IpH COBPEMEHHOW CHTyallud Ha DPBIHKE TPyZAa SBISETCA ONHOH M3
Hanbosee aKkTyalbHBIX 3a7a4 B cepe ymnpasieHus nepcoHanoM. Eciu
ellle HECKOJIbKO JIET Ha3aJ CPeAHUH CPOK paboThI HA OJHOM MECTE A
KBaIM(UIMPOBAHHOTO pa3paboTyMKa OCTaBIUI HOpsaka 3-5 ner, To
ceifuac, 1Mo OICHKaM mpejacraButeneil hr-ciayx6, cMeHa mecta paboThI
pa3 B 1-2 roza cuutaeTcst HOpMOH.

[IpoGneMolt  yIOBIETBOPEHHOCTH  TPYAOM MOTHBAIHU
3aHUMaJUCh Takue ydeHble, kak @. Teitnop, A. Daiions, .
Meiio, I'. ®opn, A. Macnoy, [. Mak-I'perop, K. Amsaepdep,
. Mak-Knemnang, @. Xepubepr, JI. [Toprep, b.®. Ckunnep u
Ip. DT y4eHbIe CO3[aBaJM Pa3IMYHbIE TEOPHHM M MOJIEIH,

BBIpA0OTalM  NPAKTUYECKUE  PEKOMCHIALMH,  [IMPOKO
NPUMEHSIOIMECS B COBPEMEHHOH NpaKTUKE YyIpaBJICHUS
HEPCOHAIIOM.

M3yuas BOIpPOC MOTHBALIMK W YIOBJIETBOPEHHOCTH TpyaoMm B IT-
cdepe, Hamucanu cBOM pabOTHI Takue aBTOPHI Kak J[xodas Croibckw,
Oncrep Hetikerpa, DnBapa MoproH u psg Apyrux aBTOPOB.

BesycinoBHO, mpodeccruoHanbHas AeATeNLHOCTh paszpaborumka [10
UMEeT CBOI CHEeNU(PUKY C TOYKH 3PCHUS (PaKTOPOB, OMPEACIISFOIINX
YPOBEHb VJIOBICTBOPCHHOCTH TPYIOM U, KaK CICACTBUE, YPOBCHb
JOSITPHOCTH K pabortomarento. Eciu cpaBHHBAaTE TakK Ha3bIBACMEIC
«KapThl MOTHBAaTOPOBY» CpEIHECTAaTHCTHUECKoro paspaborumka 10 wu,
HallpuME€p, TaKOBBIE MCHC/DKEpa IO MpoAaXaM, MbI IOJIYyYUM
COBECPHICHHO PAa3HBIC KAapTUHBI: AKTHUBHOCTb W 3aMHTEPECOBAHHOCTH
pa3paboTyHKa U MPOJaBIA OMPENEISIIOT Pa3InIHbIE (PAKTOPHI.
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Ha nipaxtuke, aHamu3upyst pe3yaprars! job interview, u B 9acTHOCTH,
[PUYKHBL, TI0 KOTOPHIM Pa3pabOTUHK MOKUIAN MPEIbIAYIIHE TPOEKTHI
WM KOMIIAHHH 110 COOCTBEHHOMY JKEJAHHIO, MOXHO BBIIEIHTH TPU
OCHOBHbIE. Yalle BCEero UMM sIBIISIFOTCS:

L4 HCYAOBJICTBOPUTECIILHOC KaUCCTBO MCHCPKMCHTA IMPOCKTA
L4 HCYIOBJICTBOPUTEJIbHAA OIlJIaTa Tpyaa
L4 HCUHTCPCCHA 3agava

Ilopsimok ¢ TOYKM 3peHHS MPHOPUTETHOCTH B KaXKIOM
OTJENFPHOM CJIy49ae MOXKET OBITh pa3IW4YHBIM, HO BCE TpHU
NPUYMHEL, B OOJNBIIMHCTBE CIIy4aeB, TaK WIH HHAYE,
O3BYUYHMBAIOTCS B TIPOLECCE MPOXOKACHUS WMHTEPBBIO TpH
HaiiMe.

Hmwke ™Mb Ooyiee MOAPOOHO  pacCMOTpUM  OAWMH U3
MIEPEUNCIICHHBIX (hakTopos, oTpeeNsomui
YIOBJICTBOPCHHOCTh TPYyJAOM paspabotunka [0 u kayecTBO
BBIMOJIHAEMON pPabOThl, a MMEHHO XapakKTep BBIMOIHICMOM
3a/1ayd M, KakKk CJeJCTBHE, OTHOIEHHE pa3padoTyUKa K
3amaye.

Hdus  momydeHuss kadectBeHHoro [IO  BaxkHO, 4YTOOBI
pa3paboOTYMK TpPUHUMAN 3amady, 49ToObl OHa OblTa eMy
HHTEpEeCHa u COOTBETCTBOBAJIA ero JTUYHOCTHBIM
0COOCHHOCTSIM.

Hebonpmoe 3ameyanne: y HAC HET TOYHBIX CTaTHCTHYECKUX
JIAHHBIX, HO YMIIMPUYECKHUI OMBIT MOKA3bIBAET, YTO YEM BBIIIE
kBanmudukanus paspaboTunka, TeM Ooyiee 3HAUYUM [JISI HETO
(hakTop «HMHTEPECHOCTH» 3aJaud MpPH NPUHATAU TOTO WIH
MHOTO NIPEJIOKEHUS O HallMe.

1. KakuMHu MOTYT OBITH 3a1a4M?

1.

Ecnu nonsITaThcs OnucaTh XapakTep CyLIECTBYIOIUX 3ajad,
TO MOKHO HNOJIYYHTh Ty WU UHYIO TUIIOJIOTH3ALUIO.
Hanpumep, npu knaccnpukanny 3aa4 MOXKHO BBIJICIUTh
CleAyIoINe KPUTEPUN:

a) CreneHb caMOCTOSTENLHOCTH TIPH BBIITOJHEHHUH 3a1a41
(ot peanmu3anuu HeOOIBIION TOTOBOM 3a/1a4H 10
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CaMOCTOSTEIILHOTO CO3IaHUsI APXUTEKTYPHI U
JEKOMIO3ULUH U IPYTHX YYaCTHUKOB KOMAH/IbI)

b) TIpeamerHas 061acTh B 3aBHCHMOCTH OT (hYHKIIHOHATBHOM
gactu cuctemsl (GUI, 6a3sl maHHBIX, U 1Ip.)

c) KomMmyHHUKaIwms ¢ KITHEHTOM (00IIaeTCss HAIPSIMYTO C
3aKa34YUKOM HIT HET)

d) Crenenb «pyTHHHOCTHY 3a1a4u (MOHOTOHHAS
oJHoOOpa3Hast 3a/1aua Wil oAepiKKa; Start-up’s;
MCCIIeJOBaHMs I MHHOBAIMM; PEryJisipHasi CMEHa 3a71a4
WIIN JJaKe TEXHOJIOTHi)

BesycioBHO, 3TO Janeko He eAMHCTBEHHBIE BO3MOXHBIE KPUTEPHH,
Ha OCHOBaHHUHU KOTOPBIX MOXKHO CJIeNIaTh T€ WIM MHBIC ONUCAHUSL.
Ho wux, Ha Ham B3IVIAA, MOXHO 3a)MKCHPOBATh KaK ONHH U3
HanOojee «eKEIHEBHBIX», BCTPCUYAIOIINXCS B IIOBCEIHEBHOM
NpaKTUKe BeJCHUS IpoeKTa o paspabotke I10.

Ha ocHoBe momoOHOW KiacCH(UKAMA MOTYT OBITH COCTABJICHEI
HeOOJIbIINE ONPOCHUKH, KOTOPBIE MOTYT OBITh HCIOJIB30BAaHBI IS
Oonee YETKOrO0 MOHMMAHUS MPEANIOYTCHUS pa3padOTYMKOB B
OTHOIIEHWM 3a7a4u (B KayecTBe IIpHMepa MOXET ObITh
MpeJICTaBJICH OMPOCHUK, JAHHBIA B MPIIIOKEHNHU 2). Takue MeToabl
UCCIIEJIOBaHMsl  TO3BOJIAIOT  JaTh IPOTHO3 HA  IOBEICHHE
pa3paboTuvka B TMPOCKTE B OTHOIICHUH NPUHATHAS 3a0a4d U
sddexTuBHOCTH ee peanusaru. OHM MOKa3bIBAIOT, Kakas 3ajada
Oyner 1t paspaboTyrka HanboJee «IPUEMIIEMO» U TIie €ro TPYA
Oyzer Hanboee 3P PEeKTHBEH.

D10 mo3Boysier 0oJee  KayeCTBEHHO W IIEJICHAIPaBJICHHO
OCYIIECTBIISITh ~ yIPaBJICHHE YEIOBEYSCKUMH pECypcaMH MpH
paszpabortke I10.

2. OrHomeHHe pa3padoTYHKA K 3aa4e U npakTuka hr-
MeHeIKMeHTa

Ecnu roBoputh 00 00mux mpormeccax yHpaBiICHHS YEIOBEUSCKUMHI
pecypcamu kommanuu (human resources), To, Ha Hall B3IJIS,
B&KHO YYHTBIBATh (BAKTOP MPHHATHS 3aaYl U YACNSATh OTIACIbHOE
BHMMaHHE MOJ0OPY 3aJaud B COOTBETCTBHU C OXKHIAHHAMH U
OpeanoyYTeHUsAMH paspadorunka. HyXHO cTapaTbcs NMpUBECTH B
COOTBETCTBHE «BKYCBD) Pa3pabOTUYMKa M THI 33/1a4d, KOTOPYIO OH
HOJTyJaeT AJIsl Pealli3aliy (XOTs JAIEKO He BCera 3TO BO3MOXKHO).
Ecnu 3TOro He NPOMCXOOUT, y pa3padOTYMKa JOBOJBHO 4YacTo
CHMXKAeTCs. IPOU3BOJUTENLHOCTh TPYyJa, OH JejaeT MEHbIIe
paboTel, a ee KavyecTBO CTAaHOBHUTCSA Xyxke. Ha ¢doHe yTparbl
MHTEpeca K 3aJade IPOUCXOJUT CHIDKCHHE JIOSUIbHOCTH K
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paboTonarento, M, Kak CJIEJICTBUE, IOBBINIACTCS «TEKYy4YKa», UYTO
ABTOMATHUYECKH CHM)KAET CTOMMOCTh KOMITAaHUH
Ha Hamr B3rmsim, BaKHO BBUICHUTH OXKHAAHHUS M TIPEIAIIOYTCHUS
pa3paboT4rKa B CIEAYIONIIE MOMEHTHI €r0 pabOThl B KOMITAHHH
®  Ha CTaJWH NEPBUYHOTO HHTEPBBIO IIPU HANME.
[Ipurnamas HOBOTO COTPYIHMKA B KOMIIAHHUIO, HYXKHO YETKO
MOHUMATh, T0JI KaKylo 33/1a4y OH Oepercst U B KaKoil CTerneHH
9Ta 3aJla4a COOTBETCTBYET €r0 OXKHUIaHUSM.
e Ha craguu BKIIOYEHHOCTH B IIPOEKT.
PerynsipHblii MOHUTOPUHT Ha MNpeaMeT YIOBIETBOPEHHOCTH
TPYAOM BO BpeMs MPOEKTa MO3BOJIAET MPOTHO3UPOBATh YXOI U
«UTPaTh HAa ONEPEKECHUEH

e Ha momenTe nepepbiBa B paboTe NMpH Mepexo/ie B HOBBIA
MPOEKT

3nech HYXKHO OBITh OCOOCHHO BHHMATENbHBIM, TaK Kak
0CO3HaHHE COOCTBEHHOTO OTHOIICHHS pa3paboTduka K 3ajaue
B JAHHOM CIy4ae OCOOCHHO BEIMKO W TOTPeOHOCTH B
COOTBETCTBHH CBOUM OXXKHIaHUSIM HanOOJIee aKTyaln3upOBaHa.
T.e. 3TO TOT MOMEHT, KOrJa y pa3pabOT4MKa, B CHILY
BOSHHKIHeﬁ nay31)1, €CTh BO3MOXXHOCTH HOI[yMaTI) HEC TOJIBKO O
3aja4e, HO U O cebe.

Peanuzanus moIOOHBIX MPAKTHK MOXKET OBITh OCYIIECTBICHA dYepe3
BHYTPCHHHE  JOKYMCHTHI, (UKCHUPYIOIIUEC  TPOIECCH  CIYXKOBI
nepcoHanma. Moryt OBITh pa3pabOTaHBl M YTBEPKACHBI TpaduKH
MOHUTOPHHTA, HCCICIOBAHUS MOXHO TMPHUBS3BIBATH K PETYISPHON
aTTeCTAIlNH, €CITU TAaKOBas CYIIECTBYET B KOMIIAHHWH, HEOOXOIMMOCTH
MPOBEICHUS MIEPHOANICCKOTO OIPpOoca Ha MPEAMET YAOBICTBOPEHHOCTH
3ajaueii MOJKeT OBITH 3a(pUKCUPOBAHA B IIOJIOKEHUH O IIEPCOHAJIE U T.1.

3. 3amaya u ynpaBjeHHe 0KUTAHUSIMHU KJIMEHTA.

IIpu ayTcopcHHrOBO#1 (CEpBUCHOM, a He MPOAYKTOBOIT) Moen On3Heca,
npobJeMa KadecTBa M XapakTepa 3a/1a4d, HaJ KOTopoil Oyxer paboTath
JieBeJIoNep, BCTaeT OCOOEHHO OCTpOo. 3ajayd, a HHOTJa M COCTaB
KOMaH/bl,  YTBEP)KIAe€T  HENOCPEJACTBEHHO  3aKa3uuK,  JIMIIas
PYKOBOAUTENS TPOEKTa BO3MOXHOCTH CBOOOIHO BbIOOpa 3a1auu st
TOT'O WJIM MHOTO POTPaMMHUCTA WM TIPOU3BOJIBHON pOTAIHH.

CoOOTBETCTBEHHO, ITIOJIHOLCHHBIH MPOLECC YNPABIECHHUS UYEJIOBEUECKUM
KallUTaJIoOM B TaKOro pojaa OW3Hece BKIIOYaeT B ceOS W acmekT
YIPaBICHUSI OKUAAHUAMH KIHEHTa. KIHEeHT NOMKEH OCO3HaBaTh, 4TO
onHOOOpa3Hasi W HEHWHTEpECHas 3a/Jada CHIDKACT MOTUBALMIO M
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YJIOBJICTBOPEHHOCTh TPYAOM Yy KOMaHIpbl. JIOBOJIBHO HacTo, IO Harei
IPaKTUKe, CO CTOPOHBI 3aKa34yMKa BBICKA3BIBAIOTCS  OIACEHHS
OTHOCHUTEJIFHO JIIOOBIX MEPECTAHOBOK BHYTPH KOMaHHBL, @ YBOJBHEHHE
pa3paboTurka TO COOCTBEHHOW WHHIMATHBE pacCMaTpUBACTCA Kak
HacTosmas nmpobnema. Ho, Ha Hamr B3I, ONHOW M3 OCHOBHBIX 3a7ad,
JeXamux Ha CThIKe Nr-  ©W KIHCHT-MEHEHKMEHTaA, SIBIIIOTCS
BBICTpaMBaHHE OCO3HAHHBIX POTAlMH BHYTPU NPOEKTHOH TPYMIBI |
BOBJICUCHHEC B OOCYXKICHHE 3TOrO BOMpOCa KIHUCHTA. DTOT MPOIECC
JOJDKEH OBITh ITAHOBBIM M yrpaBiseMbiM. IlepemerieHus, BBOABI U
BBIBOJIBI JIIOACH W3 KOMaHJIbl ONpPENEISIOTCs  3a0JIarOBpeMEHHO,
00CYXIal0TCsI ¥ COTJIACOBBIBAIOTCS C 3aKa3unkoM. J[o KiMeHTa Ba)KHO
JOHECTH, 4YTO CTparerust INPOCTOr0  «CHJIOBOTO»  YAEp)KaHUs
pa3paboTyrka B TeYCHHE JOJITOro BpeMEHH Ha OJHOM W TOIl e 3amaue,
KOTOpasi JaHHOMY pa3pa0OTYMKy HE HHTEPECHa, BEIET K CHIDKCHHIO
MOTHBALUH, YXYIIICHUIO KauecTBa CO34aBaeMOro KoJa U, B KOHCYHOM
UTOre, MoTepe pa3paboTyrKa KaK yYacTHHKA KOMaH/IbI.

[TonsTHE «pa3BUTHS KOMAHABI» B JAHHOM CIydae BKIIOYAacT B ceOs C
OTHOH CTOpOHBI, IUIAHOBOE H3MEHEHHE B XapakTepe 3ajad IIyTeMm
00CYX/IeHUS] TAKUX BO3MOYKHOCTEH C 3aKa34MKOM, C JIpYTOil CTOPOHEI, C
IUTAHOBBIMHM TEPECTAHOBKAMH BHYTPH KOMAaHIBl B COOTBETCTBUU C
0’KU/IaeMBIMH 3a/1a4aMU.

BrionHe MOHATHO, YTO «MHTEPECHBIX 3aJjad» Ha BCEX HE XBaTaeT, W,
OCYIIECTBIISIT AyTCOPCHHT, 33aKa3YMK 3a4acTylO IIBITAETCSI BBIHECTH 3a
IpesieNibl CBOeH KOMIaHUM KaK pa3 HanOoJjiee pyTHHHBIE M CKyJHEIE, C
TOYKH 3PEHHs BBINOJIHEHHUs, padoTel. Ho, Kak mokas3pIBaeT Hall OIIBIT,
€CITM KJIMEHT HACTPOEH Ha JOJITOCPOYHOE COTPYAHHYECTBO, OH T'OTOB K
00CY)XJICHHIO TaKOTO pOJia BOTIPOCOB M K KOHCTPYKTHBHBIM JEHCTBUIM
B 3TOM HaIlpaBJICHUH.

3akiiouenne.

Takum  00pa3oM, TMOBBIINICHHE YAOBJIETBOPEHHOCTH TPYIOM Y
developer’s ¢ memblo COXpaHEHWss €r0 MOTHBAIMK  yIEPKaHWUS B
KOMITaHHH TpeOyeT (IIOMUMO ITPOUero):

e  JIMarHOCTHKY W IOHUMAHUS TPEATIOUTCHHS
pa3paboT4rKa B OTHOIICHUH 3a/Ia9H.

BaxkHO anexkBaTHO W TIIATEIBHO IPOBECTH €€ €Ile Ha MOMEHTE
HaliMa HOBOT'O COTpYAHUKA B KOMIIAHUIO U YYHUTBIBATH €TI0 OCO6€HHOCTI/I
IpY JAJbHEHIIEM pAclpelesIeHud B IPOEKThl. JIMarHOCTHKa MOXKET
OBITH OCYINIECTBJICHA PA3IMYHBIMH METOJAMH, OT HeOpMaJIbHBIX Oecen
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0611161"0 XapaKkTepa A0 HUCIOJb30BaHHA CIICHHUAJIBHO pa3pa60TaHme
TECTOBBIX METOAWK U OIIPOCHUKOB.

e  PerymsipHOro MOHHTOPHHIA YJOBIETBOPEHHOCTH
pa3paboTurka 3agaduei.

besycnoBHO, cam 1o cede Takoro poja MOHHTOPHHT HECET
OIIPEAEICHHBI pHCK: €ro IpPOBEICHUE C
0O0JIBILION BEPOSTHOCTBHIO BEJET K OCO3HAHHIO
pa3paboT4rKoOM HEY/IOBJICTBOPEHHOCTH
3ajadell M aKTyaJM3alMio NOTpeOHOCTH B
CMEHe 3ajauyd, a pabdoTojaTenh HE Bcerja
nMeer BO3MOXKHOCTb TIPEAIIOKEHUS
WHTEPECHOW 3ajayl, WHTEPECHBIX 3a1ad Ha
Bcex He xBaraeT. [lodTomy, mUIaHMpPYS
MOHHUTOPHHT, HYXHO MIOMHHTb 0
BO3MOXKHOCTH  BO3HHMKHOBEHHS  IOZOOHOM
npobiemsl. Ho, He cMOTpst Ha TO, YTO TaKOTO
pola [OMAarHOCTHKAa HECET OIpPEAEICHHYIO
OIIACHOCTh, €€ IOJHOE OTCYTCTBHE TaK JKe
MOXET 00epHyThCS BO3HUKHOBEHHEM
cnoxsHocredl. T.e. pelieHue o NpPOBEAECHUU
MOHHUTOpHHIa JIMOO 00 OTKase OT Hero
JOJIDKHO OBITh KOMILJIEKCHBIM U B3BCIICHHBIM,
YUUTHIBAIOIINM BCE BIMAIOMINE (AaKTOPHl U
BO3MOJKHBIE ITOCIIEICTBUS.

e  PerymsipHOU poTaluu B CiIydae HEYIOBICTBOPECHHOCTH
3ajaueit

e [IpocTpoeHHBIX (IPOAKTUBHBIX) OTHOILIECHHH C
KJINEHTOM B CMBICIIE 00CY)KJIeHHS KauecTBa
IpeJIaraeMbIX 3a/71a4, a TaK kK€ BBIBEJCHUS
«YCTaBIINX» Pa3pabOTUYNKOB B APYTHE IPOEKTHIL.

IIpunoxenne 1.

Huxe MBI mpuBeneM HECKOJIBKO NPUMEPOB U3 IMPAKTUKH, KOTOpHIE
MOKa3bIBAIOT, HACKOIBKO Ba)KHbl IOHUMAaHHE M Y4eT OXHIaHUH
pa3paboTurka B OTHOIICHHH NPEUIOKCHHOW €My 3aJadd M Kak 3TO
BIMSET HA XOJ MPOEKTA B LIEJIOM.
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Mpumep 1.

B omHOM mW3 mpoekToB mpH paboTe C 3amajHBIM 3aKa3duMKOM, HA/O
CKa3aTh, BECbMa YyBCTBUTEIBHBIM K BBIBOJIAM JIFO/ICH M3 IPOEKTA, OIUH
W3 YYacTKOB pabOThl, pacCUWTAHHBIA Ha ONHOTO pa3paboTymKa,
MOCTOSIHHO ~ SIBJISICS  «KaMHEM IIPETKHOBEHHUS» C TOYKH 3pEHHA
«rexy4yku». [locne HeOomblIOro cpoka paboThl, 00BIYHO mMocie 2-3
MecsIeB, pa3pabOTYNKU OTKa3bIBAMCH OT BBINOJIHEHHS JaHHOH paboTh
C Tpock0Oi mepeBecTH HMX Ha JPYrylo 3aiady WM HpoekT. [lpm
BHUMAaTEJIbHOM  pPacCMOTPEHHHM  BONpPOCAa  BBUICHWIOCH,  4YTO
Npe/IOKEHHAsT  3aKa3dMKOM  apXHTEKTypa, B paMKaX KOTOPOM
NpUXOJMIOCH  pabdoTaTh HAIIMM  JEBellonepaM, OblIa  BecbMa
cnempuIHON M «IPOTHBOECTECTBEHHOW» €  TOYKH  3PEHHA
OoJIPIIMHCTBA COBPEMEHHBIX NporpammucToB. OHa OblTa paszpaboTaHa
3aKa3YMKOM JIOBOJIGHO JIaBHO M B CWJIy BHYTPEHHUX IIPUYNH
COXPaHAIACh B 3TOH YaCTH MPOEKTA, XOTSI B OCTAJIBHBIX YaCTAX CHCTEMbI
yke Obula M3MEHEHA. YUMTHIBas Ba)KHOCTH 3aKa3uWKa ISl KOMIIAHWH,
ObUT TIPOBE/IEH CEpbE3HBIN MOKMCK MOAXOMISIIEr0 4YeloBeKa, KOTOPbI
Obi1 OBl TOTOB paboTaTh B TakuX ycloBusaX. T.e., TpeboBaics
CIELUAIHNCT, UMEIOIIUI JOCTAaTOUHYIO TOJIEPAHTHOCTh K «HEYJOOHOI»
APXUTCKTYPC, TOTOBBIM BBIMNOJHATH MEJKHE YETKO OrpaHUYCHHBIC
3aKa34YMKOM 3ajJiayv, HE HUMCS MPHU OTOM IIpaBa Ha CaMOCTOATCIBHBIC
TEXHUYECKHE pEIIeHNs] 3a IpejesaMyd IOCTaBIEHHBIX 3axad. Ilo
pe3yJsibTaTaM MOJyYeHHOTO «IIOPTPETa» ObUT HaWJEH COOTBETCTBYIOIINI
paspaborunk. He cMOTpst Ha TO, UTO €ro MOMCK 3aHSUI IOBOJILHO MHOTO
pecypcoB, B KOHEYHOM HTOTe, MpoOJieMa «TeKYUYKH» Ha TAHHOM y4acTKe
paboT Oblma pemieHa, a OTHOUIGHHWS C 3aKa3dMKOM COXPaHEHBl Ha
JIOJDKHOM YpOBHE.

IIpumep 2.

Start-up’s

Ipu mpoxosxaeHun exit-interview oamu u3 paspaboOTYMKOB, 0OCYKIast
NPUYUHBI CBOETO YBOJILHEHUS, B KAY€CTBE OCHOBHOW NMPUYHHBI Ha3Ball
yacToe MpHBIeYeHHEe ero K Start-up’s HOBBIX MPOEKTOB. MeHeKep,
MPOBOJIMBILUI WHTEPBBIO, ObLI KpaiiHe yJIWMBIEH, T.K. YBOJBHSIOUIUNCS
COTPY/JIHHK BCET/la MOKAa3bIBAJ XOPOIIHMH Pe3yIbTaT U CUUTAJICS BIIOJIHE
YCIEIIHBIM Pa3pabOTUYMKOM B «amIinlya» Takoro pojga. B mporecce
pas3roBopa CTajio MOHSITHO, 4TO, HE CMOTPS HA TO, YTO JIEBEJONep ObLI
yCIIeNIeH B MOJJOOHOM JeATEIbHOCTH M Y HErO 3TO XOPOIIIO MOITydYalioch,
caM OH KpaifHe TSIKENIO MEepeKMBA TaKue CHUTyaru. HOBBIE MPOCKTHI
JIABAJHCh €My IIEHOW OOJIBIIOrO HANPSDKEHUS W TEePEKHBAINUCH Kak
cepbe3nblil cTpecc. [TockonbKy, Kak yxe ObUIO CKa3aHO, pe3yibTaT OH
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JEMOHCTPHPOBAI BIIOJHE YCHEIIHbIM, HU MEHEIXep IpOoeKTa, HU
ciryk0a mepcoHanza BOBPEMsI HE IIOMHTEPECOBAINCH TTyOMHHOH CyThIO
npoucxofsamero. He wucciaegoBanuch oO0mas yAOBICTBOPCHHOCTH
TPYZIOM, HE OOCYXIaJUCh TE€ WIH WHBIC MPEANOYTEHHS B OTHOIICHUHU
331a4d a TaK JK€ B OTHOIIEHMHM poin B npoekte. IIpucyrcrBue
HEKOTOPBIX OCOOCHHOCTEH IMYHOCTH, M, KaK CIEICTBUE, HETaTHBHOE
OTHOILIICHHE K Y4YacTHIO B Start-up’s, BBUICHHIACH TOJNBKO Ha €Xit-
interview. Pa3paboT4uk, Kak COTPYIHHK KOMITAHUH, OBLT MOTEPSIH.

IIpumep 3.

HeGompmioii  mpoekr mo  paspaborke [IO  gms  3amamHOiM
TEJICKOMMYHHUKAIMOHHOW KOMIIAHUH OTJIMYAJICS HA PEAKOCTh PYTHHHOMN
3ajadel W KpailHE  BBICOKHMH  TpeOOBaHMSIMH K  YpPOBHIO
npodeccrnoHann3Ma JEBEIONEPOB CO CTOPOHBI KJIMEHTa. TpeOoBaHUsS K
KBaNMN(UKanuK pa3paboTINKOB OBUTH SIBHO 3aBBIIICHHBIMHU, HO, TEM HE
MEHee, Takhe pa3padoTINKH OBIIM 3aKa34HKy MpenocTaBiaeHbl. C 0qHON
CTOPOHBI,  JKEJTaHHE KJIWCHTA HWMETh Kak MOXHO  Oouee
KBaNM(UINPOBAHHBIA IIEPCOHAJ sl BBIIOJIHEHHSI CBOMX Pa0OT BIIOJIHE
00BsicHUM U NOHsATeH. C Ipyroil CTOPOHBI, CTONb IBHOE HECOOTBETCTBHE
3TOr0 BBICOKOTO YPOBHS JOBOJIEHO TIPOCTOMY XapakTepy 3ajaqu
NpUBENIO K psmy mpobieM B mpoekre. Yepes mosrona OoT MOMEHTa
Hauana paboT, U3 MPOEKTa, IO COOCTBEHHOMY JKEJIaHHUIO, BHIIIEN EPBhIH
YeJIOBEK, a Yepe3 Toj CUTyalus Hayana yXyALNIaThCs, T.K. O CBOEM
JKETIAaHUM YWTH 3asBUJIH €IIle HECKOJIBbKO pa3paboTunkoB. Bee 310 Bpems,
HayMHAs OT MOMEHTa Start-up, ¢ KJIMEeHTOM BEJHCh PasTOBOPHI O TOM,
YTO €ro TpeOOBaHMS K KBAM(HKALNH SBHO 3aBBIIICHBI M CUTYaIs OVer
qualified pano wnm mo3mHOo mact o cebe 3Hath. Ho meperoBopbl He
NPUBENH K KaKOMy-THOO peleHuio Bompoca. B pesynbrate ymanoch
JOCTUTHYTH TOJIBKO JOTOBOPEHHOCTH O CMCHE BCeN KOMaH/Jbl, K
CYacThi0, OHa He Obla OOJBIION, HO TIPU ATOM HOBas KOMaHJa JOJDKHA
OBLTa UMETh TaKylO K€ BBICOKYIO KBATM(UKANNIO, KaK ¥ MpeablIymias,
HE CMOTpsi Ha BCce Ty JKe MpocTylo  3amady. Od4eBHAHO, HTO
BBaHMOHeﬁCTBHe C KIMEHTOM B JaHHOM Ciy4dac HYXIac€TCad B
YIIY4ILEHUH U JAIbHEUIIUX [IEPErOBOpax.

Ipumep 4.

B koMmmaHnu B TeUeHHE JUIMTEIHHOTO BPEMEHHU CYLIECTBOBAN OOJBIION
npoekT. J[OBOIbHO MHOTOYMCIIEHHAs! Tpymia pa3paboTINKOB BBICOKOH
KBaM(pUKaIUK paboTana NPaKTHYEeCKH B OJHOM COCTaBE Ha OJIHOTO
3aKa3yMka B TEUYEHHWE HECKOJbKHX JIeT. 3ajauyd Bcerjga ObUIH
OAHOPOJHBIMHU U MMOXOKHUMHU OJHA HA APYTYIO, MEHCKEPBI CO CTOPOHBI
3aKa3ynKa HE MEHsNCh. Korga mo OOBEKTHBHBIM HPUYMHAM HPOEKT
OBLT 3aKPBIT, KOMIIAHMS, PACCUUTHIBAsI Ha OCBOOOXKIEHHE CEPHE3HOTO
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TPYIOBOTO pecypca, CTOIKHYJIACh CO CleAyIoIel NpobaeMoii: 3a BpeMs
JoJITOi paboThl HAJ OIHUM IPOEKTOM, pa3pabOTYMKU, HE CMOTPS Ha
CBOIO BBHICOKYIO KBAIM(UKALUIO, IOTEPSUIM HAaBBIK alalTallMd H
BXOKIEHMS B HOBBII NPOEKT. [lepBble MONBITKY 3aIlyCcKa MPOEKTa 3TOU
Ipynmol oxazanuch HeynayHeIMH. OTCyTCTBOBal HaBbIK Start-up’a
[lpunuocs pasnensaTs TPYNIly Ha OTHEIbHBIE YacTH WM BBIBOIWTD
OTZAEJBHBIX JIIOJIEH U BKIIOYATh UX B CYLIECTBYIOIINE MPOEKTHL. Takum
00pa3oM, BBINOJHEHHE JOJTOW OJHOPOJHOW 3aayd M OTCYTCTBHUE
JEWCTBHUH N0 poTaly pa3pabOTYNKOB MPUBEIIO K 00MIeH cBOe0oOpa3HOi
nepopmanmn  kBanupukauuu  (PAKTUUECKH, K  CHIDKCHUIO) U
HEBO3MOKHOCTH JTAJIbHEHIIETO HCIOJB30BaHUS BCEH TPYMNIBI  Kak
€/IMHOI KOMaH/pbI.

Hpuioxenne 2.

Hwmxke HaxoguTcs ONPOCHUK, KOTOPHIA MOXKHO WCIIONB30BATh IS
WCCIICIOBAaHMUA TPEATOYTEHNH B 00JacTH 3amaud B TIOBCEIHEBHOM
MeHeDKepcKor mpakTuke. Ha Ham B3risin, paOodwii HHCTPYMEHT VIS
HCCIICIOBAHMS TPEANOUTCHU pa3pabOoTUhKa O/DKEH OBITh KpaifHe
NPOCT B 3alOJHCHHMM WM OJHO3HA4YeH B HUHTeprperanud. CI0XKHBIC
pa3BepHYThIC OMPOCHUKH HE OYyAyT, Ha HAll B3IJIsI, UMETh ycrexa, T.K.
HHU TEXHUYCCKHE CICIIUATNCTHI, HU MEHEKEPhl HE MOTHBHPOBAHBI CaMU
o cebe Ha BBINOJHEHHE OOJIBIINX CIIOKHBIX 3aJaHUM, LEIH M CMBICI
KOTOPBIX JJISl HUX HE OYCBHIHEL.

CpenHee BpeMs OTBETa Ha CITHCOK BOIIPOCOB, NPEICTABICHHBIX HIKE,
cocTaBisieT nopsaka 10 MuH.

Kak mpaBmino, MBI BBIZaeM IIOJOOHBIA ONPOCHHK HAa NEPBUYHOM
WHTEPBBIO IPU HAltMe Ha OTKPBITYIO TIO3UIIUIO.

OnpocHMK /I BBIICHEHHsI NPO(ECCHOHANBHBIX  MPEeNoYTeHUI
paspabotunka I10.

1. Csoe manpHeiimee npodeccuoHanbHOe pa3BuTre Bol BumnTe
KaK MEHEKep MPOSKTOB MJIM TEXHUYECKUH rypy?

2. Kakue Texnonorun paspadorku [10 Bam 6ynyt Hanbosnee
WHTEPECHHI B Onmkaimme 2-3 roga?

3. Kakas npeaMeTHas 061acTh B 3aBUCHMOCTH OT
(YHKIMOHAIBEHOM YacTh crcTeMbl Bam HanGosee nHTepecHa?
a) GuUI
b) DB
€) CucTeMHBIi yPOBEHb
d) Yro-to emme
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4. Kaxk Brr onennBaete Hanbomee koMmpopTHYIO 11 Bac creneHs
NPEIOCTaBICHHON CaMOCTOATEIBHOCTH MIPU MPUHATHI
pemeHwus?

a) TOIYYUTh HEOOJBIINE TOTOBBIC 3aJa4Y1

b) peanuzoBsIBaTH OMpeACTCHHBII HYHKIHOHAT,
CaMOCTOSTENIbHO MPOMUCHIBAas KOHKPETHBIC 3a1a41

C) 3aHHUMATBHCS JICKOMIIO3UIIHCH

d) apXuTeKTypoOil CHCTEMBI B IIETIOM

5. KOMMyHI/IKaL[I/Iﬂ C KIIMCHTOM.

a) TrOTOB OOIIATHCS C KIMEHTOM HAIPSIMYIO O JTHOOBIM
BOIIPOCaM

b) roroB oGuIaTECS TONBKO B paMKax CBOCH Y3KOM
3a7a4u

C) xoTen Obl BeCTH BCE OOIICHUE TONBKO Yepes3
MeHepKepa rpoekTa wii team-lied

d) He BaxHO

€) 4TOo-TO erle

6. «PyTHHHOCTB» JEATEIFHOCTH.
IIpeanouuraro:

a) OpHooOpa3Hast CTaOUIbHAS 3a/1aua
b) Tlommepikka (maintenance)

€) PasnooGpasHbie 3a1a4un

d) Start-up’s

€) ¥WCCIeqoBaHuUs U pa3paboTKH

f) =e BaxHO

g) 4ro-To emie

7. OTHOLICHHE K «4YKOMY» KOZY.
a) roroB paboTaTh
b) npennouen 6b1 He paboTath
C) dro-TO eme

8. Kakoii mpoIeHT MOBCeIHEBHBIX 3a1a4, Ha Balr B3risi, 10/KeH
COJIePKaTh «BBI30B MHTEIUIEKTY», T.€. TpeOOBaTh OT Bac
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MPUIOKEHUS CePhE3HBIX UHTEIUICKTYaNbHBIX YCUIIAHN JUTS HX
pemenus’?

Cracu0o 3a 3aIl0JTHEHHE aHKEThI, MBI HajeeMcsl, 4To Bamm oTBeTs
MIO3BOJISIT C/ACTAThH HAIlle COTPYOHUYIECTBO OoJiee 3 PEKTHBHBIM.
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System Engineering: from marketing requirements
to product specifications

Larisa Melikhova Dmitry Vavilov

System Engineer, System Engineer, Group
Motorola St. Petersburg Leader,

Software Center Motorola St. Petersburg
Email: alm039@mot.com Software Center

email: adv008@mot.com
Abstract

Common definition of system engineer’s work is “executing an
interdisciplinary process to ensure that customer and end user’s
needs are satisfied”. In Russia such job position is not widespread,
besides there is an ambiguity associated with the Russian term, so
this was an innovation of Motorola to create in St.Petersburg
Software Development Center a team of system engineers who
participate in developing software for a Digital TV device. The role
of system engineers is receiving market requirements as an input,
and providing developers, testers and software architects with clear
and unambiguous technical requirements and design specifications,
including use cases and feature description for the entire system.
The paper shows how these goals can be achieved in the framework
of 3-level model for requirements development with reusability
principles to be followed. Theoretical considerations are illustrated
by examples of how it was applied in a cable TV environment.

Keywords: System Engineer, requirements, software development.
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Pabora cucTeMHOro NH:KeHepa: 0T MAPKETHUHIOBBIX
TpeOoBaHMil K cienu(pUKANMAM MPOAYKTA

Jlapuca Menuxosa JAmurtpuii Basuios
CHCTEMHBbIil HH:KEeHep, CHCTEMHBIIl HHIKEeHep, PYK.
CII6 Lentp pa3padoTku rpynmsbl,
NMPOrpaMMHOro odecnedeHust CIIo6 Lentp pa3paéoTku
Motorola NMPOrpaMMHOro odecrne4eHust
Email: alm039@mot.com Motorola

Email: adv008@mot.com

Te3ucobl

OObryHOE  ompeneneHne PpabOTBI  CUCTEMHOTO HH)XKEHepa —
BBINOJIHEHHE MEXIUCHUIUIMHAPHOTO Ipolecca, 00ecIedrBaroIIero
YIIOBJIETBOPEHHE MOTPEOHOCTEH Kak 3aKa3uMka, TaK M KOHEYHOTO
nmoip3oBarenss. B Poccum  3Tta mOMKHOCT  TOKa  Malio
pacupocTpaHeHa, K TOMY e CYLIeCTBYeT HEOIHO3HAuHOCTh B
ITIOHUMaHHUHU caMoro TCpMHHA «CHUCTEMHBIN HWHXCHEP».
VHHOBauMOHHBIN moaxoxa kommnanuu Motorola coctour B Tom, 4T0 B
Cankrt-Ilerepbyprckom Llentpe obecnedenuss Motorola 6Gbuta
Co3aHa Trpynmna CHUCTCMHBIX  HWHIKCHEPOB, Y4acCTBYIOIUX B
pa3paboTke  mporpaMMHOro  oOecrieueHHs Uil yCTPOWCTB
uudpoBoro TeneBuaeHUs. Ponb Tpymmel COCTOMT B TOM, YTOOBI,
NOJYYMB Ha BXOJ€ MAPKETUHIOBLIC Tpe6OBaHI/I$[, Mpea0CTaBUTH
pa3paboT4yrKam, TECTUPOBIIMKAM M KOHCTPYKTOPAaM IPOTPAMMHOTO
o6ecnequH${ SICHBIC u HETIPOTHUBOPEYNBLIC TCXHHUYCCKHUC
TpeboBaHUs W Au3aiiH-cienuduKayy, BKIOYalomMe Habop
CIICHapHEB MHCIOJIb30BAHUSI M ONHCAaHHE (DYHKIMOHAJIBLHOCTH JUIS
Bcell cucTeMbl. B craThe Mmoka3aHO, KaKMM 00pa3oM JOCTHTaOTCS
MIOCTaBJICHHBIE IIEJTH B CTPYKTYpe 3-ypOBHEBOI MOJENN Pa3paboTKH
TpeboBaHMII ¢ COONIOJIEHNEM NPUHIUIA IEPEUCIIONIb30BAHUS
TpeboBaHuil. TeopeTHueckue pacCcyXJIeHHS MNPOUILTIOCTPUPOBAHbI
IpuMepaMu paboTsl B 06J1acTH KabeIbHOTO TeIEeBUICHNUS.

KiioueBble cj10Ba: CUCTEMHBIN HHXKEHED, TpeOOBaHUS, pa3paboTka
MIPOTPaMMHOTO 00ECTIEUeHNSI.

1. Bseaenue

Ha 3ape pasButust MHOOPMAIMOHHBIX CHCTEM ITPOIPAMMHCTHI
OCYIIECTBIISUIA BCE CTaMK npoliecca pa3padoTku. OnHaKO, 10 Mepe
pocTa W YCJOXKHEHHS! MPOrpaMMHOT0 oOecreueHus, CTPyKTypa
npotiecca pa3pabOTKH IMpeTepriesia U3MEHEHHs: TOSBHINCH HOBbIC
YY9aCTHUKH IpoIlecca — TECTUPOBIIUKH, CHCTEMHBIE apXHTEKTOPHI,
n3aifHepsl. BaXHBIM 3B€HOM COBPEMEHHOTO TIporecca pa3padboTKu
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SIBIIICTCS CUCTEMHBIN WH)KCHEP: €ro 3aJlaya COCTOUT B TOM, YTOOBI
00€ecreYnTh BBIMIOJTHEHHE MEXIUCIHIIMHAPHOTO TIpoliecca, MpH
KOTOPOM TIOTPEOHOCTH 3aKa34MKOB M KOHEUYHBIX IIOJIb30BaTEIICH
CBOCBPEMEHHO YIOBIICTBOPSIOTCA MPU COONIOICHUN HAIJICKAIIETO
KauyecTBa, HAJEKHOCTH, SKOHOMHYHOCTH. PaboTa CHCTEMHOTO
HH)KEHEpa CONPOBOXKIACT TMPOIECC CO3JaHHMS NPONYKTa Ha
MPOTSDKEHUH BCErO IUKJIA Pa3BUTHS CHUCTEMBI, OT pa3pabOTKH [0
TIPOJAXKH.

2. Ipeanochliku

Pabouwnii mporiecc B Caukr-Ilerepbyprckom Ilentpe paspaboTku
nporpamMmmHoro obecriedenuss Motorola 3a mocneanue  rombl
TpeTeprieN 3HaYuTelbHbIe M3MeHeHus. Ecmm 10 met Haszam 3TOT
IpoIiecc BKIIOYAJ TOJBKO OCHOBHBIX YYaCTHUKOB (MEHEIKMCHT,
pa3paboTYMKOB, TECTUPOBILHMKOB, EC.), TO CO BpeMEHEM BO3HHKJIA
rpymmna kadectBa SQA (He myTaTh ¢ TPYIIOW TECTUPOBAHHA) H
Tpymma Tporecca, KOTOpas BIUIOTHYIO 3aH:IAch pa3paboTKoi
caMoro mporecca pa3padOTKH, YTO IMO3BOJMJIO HOAHSTH KaueCTBO
pa3pabaTbIBacMOiil MPOAYKIINH HA APYTOH YPOBEHb.

BaxHo#t cocraBnfromel mpomecca  pa3pabOTKH  SBISCTCA
pazpabotka TpebGoBaHui. Jl0 HEJABHETO BpPEMEHH CYIIECTBOBAI
NpoLecC CO3JaHusi TPeOOBAaHMK IS MPOEKTa, KOTOPBIA MOXKHO
ycioBHO pa3oute Ha 2 ¢daszel. Ha mepmoit ¢aze paspaboTymku
MOJIyJalu «CHapyXuw» (0T KoJyler, paboTarommx B KOHTaKTe C
3aKa3YMKOM) MapKETHHTOBbIE TpeOOBaHWS, W Ha HX OCHOBE
co3maBaNyM TeXHWYeckne TpeOoBaHus. Ha BTOpoM mmmare Tte xe
pa3pabOTYMKH  WCTONB30BAJM TEXHUYECKHE TpeOOBaHWSA IS
co3anus crenudukanuii mpoaykra, uin PFS — Product Functional
Specification. Ha ocuoBe PFS TtectupoBiinku pa3zpabarsiBaiu
TECTBI, COIOCTABIISASI CaMH TECThl ¢ dneMeHTamu PFS, a Habops
TECTOBBIX JJAHHBIX — C TEXHUYECKUMH TPEOOBAHUSIMU.

[To mepe MHTEHCHU]UKAMNA W YCIOXKHEHHS 3ajad YCIOKHHICS
nporecc paspabotkn . CerogHs He TOJBKO MapKETHHTOBBIC
TpeOoBaHus pa3pabareiBaroTcs BHE [leTepOyprckoro meHTpa, HO U
3ajia4a CO3J[aHUsI MOJIb30BATENbCKOr0 HMHTepdelica, Kak IMpaBuiio,
nepenaeTcsi TpeTbel cTopoHe. B To ke BpeMs, Oblia BbIIEICHA
creuuanbHas TPyIa CUCTEMHBIX HHXXEHEpPOB, 3ajada KOTOPBIX —
co3/laHne TeXHU4YecKux TpeOoBanuil. Takum 00pa3oM, CHCTEMHBIE
UWHXeHephl LIeHTpa BBIIONHSAIOT POJIb MPOMEKYTOUYHONH WHCTAHIHH
MEXIy  3aKa3unmkamMud (WM OTAEJIOM  MAapKeTWHra) |
pa3paboTyuKamH.
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Hannast rpymnmna cdoxycupoBaHa Ha TOM, 4YTOOBI B Hpolecce
U3y4YeHHs NpeIMETHOH OoO0NacTH, aHaliu3a MapKETHHIOBBIX
TpeOoBaHNN W OOIIEHWS ¢ pa3pabOTYMKaMH W TECTEpaMH, BO-
HEPBBIX, MPUOOPECTH CHCTEMHOE IPECTAaBICHHE O MPOIYKTE, H BO-
BTOPBIX, [JETaJlbHO, HEIPOTHBOPEYMBO, IIONHO U (HOPMAIBHO
OIIcaTh TO MIPEACTABJICHHUE.

3. Pa3padorka TpedoBaHmii

3.1. Tpu To4YKH 3peHUs] HA TPeOOBaHUS

CymecTByeT o kpaifHelt Mepe TpH TOUKHU 3peHUs Ha TpeOOBaHMUs,
KOTOpBIC CJICAYCT NpUHUMAThb BO BHHUMAHUC IIPU HX pa3pa60T1<e.
OHHU BEIpa)KEHBI CIICAYIOMIMMHA YIaCTHUKAMH TIpoIiecca:

1. 3auHTepecoBaHHas CTOpOHA. DTO TpyImIa, 3ajada KOTOPOM
COCTOUT B TOM, lITO6IJI OINpCACIINTL BBICOKOYPOBHCBLIC
TpeOoBanus. OHa  MOXKET  BKIIIOYATh  3aKa34YHKOB,
MOJIH30BAaTENCH, MEHEDKMCHT, H T.JI.

2. Pa3zpaborumky, 3agada KOTOpPBIX — CJeJaTh IMPOAYKT,
ONMCAaHHBII B TPeOOBAaHUAX, HAa OCHOBE CHCTEMHBIX
TpeOOBaHMH, OTMCHIBAIOIINX JIOTHKY ITOBEICHHUS CHCTEMBI.

3. TecTUpOBUIMKH, KOTOPHIEC JOJDKHBI IPOBEPUTH COOTBETCTBHE
HaAMEpPEHHUU 3aKa34WKa W MHTEPIIPETAIH Pa3pabOTIHUKOB B
BUJIE BHITYIICHHOTO MPOIYKTA.

3.2. TpexypoBHeBasi MOJieJIb TPeOOBAHUIA

Mogpens, B3stas 3a ocHoBy B Cankr-IlerepOyprckom Llentpe
pa3paboTKy, BKIFOYAET TPH yPOBHS TPEOOBaHMUIA.

MapkeTruHrosblii  ypoBenb. Ha »3T0 ypoBHEe coznarorcs
TpeOoBaHus, KOTOphle HasbBatoTcss Jmwbo MR — Marketing
Requirements, 6o FR — Functional Requirements. TpeGoBamus
MapKeTHMHIOBOTO  YpPOBHS  ONMCHIBAIOT  (PYHKIMOHAIBHOCTD
yCTpOWCTBA (HarpuMmep, Hann4ue (GYHIMU 3aIHCH TEIeBU3NOHHBIX
MporpaMM H HUX TOCJIEIYIOMIET0  BOCIPOU3BEACHHUS) ITH
TpeboBaHUST ~ pa3pabaThIBalOTCS  TIPYNIOW  MapKeTHHIa B
COTPYIHUYECTBE C 3aKA3UUKOM.

CucrteMHblii ypoBeHb. Ha 5TOM ypoBHE cO37af0TCSI TEXHIUECKUE
tpeboBanms, wim TR (Technical Requirements). 3to ycroitunssie
TpeOOoBaHNUs, KOTOPbIE HE MEHSIOTCS OT OJHOW MOJENN K JIPYyrod H
CKOpee BCEer0 OCTAaHyTCS HEM3MEHHBIMH B ONDKaifiieM OyayIeMm.
Ot TpeOOBaHMS OMHCHIBAIOT CYIIECTBEHHOE MOBEICHUE CHCTEMBI,
KOTOPOE T03BOJISIET CUCTEME BBINOJIHATH CBOM (DYHKIMH (HAIpUMeED,
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PEXKUMBI BOCHPOU3BCACHUA 3allUCHU TCJICBU3UMOHHBIX nporpaMM).
YCHOBI/ISI, Opu KOTOPBIX TpeGOBaHI/Ie OTHOCUTCAA K CHUCTECMHOMY
YPOBHIO, BKJIHOYAKOT €ro HCE3aBUCHUMOCTh oT KOHerTHOf/i
peamm3alii ¥ BO3MOXKHOCTH TECTHPOBAaHUS B MOJETH 'UepHOTO
smmKa", KoTopas He COJICpXKUT HH(POpPMAIMH O BHYTpPEHHEH
CTPYKTYpe U Au3aiiHe npoaykTra. MOXHO CKa3aThb, YTO CUCTEMHbIE
Tpe60BaHI/I§I OIMMCBIBAIOT JIOTUKY MMOBEACHHNA CUCTEMBI, HE BJaBasICh
B JIeTaii Pa3paOOTKH TOW WIM MHOW MOJEIH.

Tpeﬁonannﬂ peaaun3anuu. Civit Tpe60BaHI/IH BXOOAT B YiKC
yrmomuHasmmmiics Habop PFS — Product Functional Specifications.
Tpe60BaHI/[$[ 9TOT'0 YPOBHA MOT'YT UBMCHATBHCA OT OZ[HOI7[ MOJACIU K
JIpyroii, IIOCKOJIBKY rnporuecc pa3paboTku IIOCTOSIHHO
COBCPUHICHCTBYCTCA. Tp€60BaHI/I$[ peain3annun (CB?[SaHHLIe C
CHUCTEMHBIMHU) OITUCHIBAIOT KOHKPETHYIO pealu3alfio MPOAYKTa H
BKIIIOYAIOT  pa3jIMYHbIC JIeTaiy, HanpumMmep, ImapaMeTpel
MIPOU3BOAUTCIIBHOCTH, HOTpe6J‘IeHI/Ie QJICKTPOIHCPIH, BPCMCHHBIC
XapaKTEPUCTUKHU H IIP.

3.3. PoJib CHCTEMHOT0 HHKEeHepa

TakuM o00pa3oM, OCHOBHas 3ajada CHCTEMHOTO HHXXEHepa,
3aHATOTO B IIPOEKTE pa3pabdOTKH MPOrpaMMHOrO obecredeHus,
cocTouT B pa3paboTke TpeOOBaHWA CHUCTEMHOIO YpoBHA — TR,
SIBISIIOLIMXCS  CBA3YIOIIMM  3BEHOM MEXJIY MAapKETHHTOBBIMH
TpeOOBaHUAMH M crenuHUKaMsIMA Ha OPOAYKT. PemeHue 3ToM
3aJ1a4M CBSI3aHO C BBINOJHEHUEM IIEI0TO0 psiia QyHKIUIL:

1. COop wuHpOpMamuM MO [IAaHHOH MPEIMETHOW OOJIACTH,

BKJIFOUasl U3y4YEeHUE CTAHAAPTOB U CHEHUPUKALIUA.

2.  AHanu3 au3aiiHa pa3padaThIBAEMOW CUCTEMBI JJIsl PEIeHUs
BOIIPOCOB, CBS3aHHBIX C (PYHKIIMOHAIEHOCTBIO CHCTEMBI.

3. AHaiu3 apXUTEKTYpbl CUCTEMBI JUIS CO3JaHUs ONMCAHUHN U
JAHHBIX, HEOOXOIMMBIX pa3padOTUMKaAM.

4.  Paspabotka I10JIb30BATEIHCKOTO uHTepdeiica,
MIPEI0CTaBIISIEMOTO AU3aHHEpaM.

5. OOcyxnenue TpeOOBaHWH ¢ OKCIepTaMd B JTaHHOU
IpeAMETHOW 00JacTH, a Takke ¢ pa3paboTYMKaMu |
TECTUPOBIIHKAMHU.

3aMeTM, YTO SBOJIOLUUS MH(GOPMAIMOHHBIX TEXHOJIOTHH CETOJHS
MO3BOJISIET KCIOJIb30BaTh BUPTYaJbHbIE PACHpE/ICIICHHbIC TPYIIIIbI
CHUCTEMHBIX HWHXXCHEPOB: HMMEHHO OJTOT [OJIXOJl TpPHUMEHEH B
IMerep6yprckom Ientpe Motorola.

Beienenune crienManbHOM rpyITbl CHCTEMHBIX HH)XEHEPOB UMEET
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cllelyIolye IPeUMyLIecTBa;

1. VY3kas crenuanu3alys HWHXXCHEPOB IO3BOJSIET MM Oolee
3¢ deKTHBHO cobupaTs 1 00pabdaTHIBaTh HHPOPMALIHIO.

2. CucteMHBIE HHXEHEPHl HrPalOT KOOPIUHHUPYIOMIYIO pOJIb,
paboTrast €O CHEHNMAINCTaMH W3 pa3HBIX TPYMI: MapKETHHT,
nusaiineps! (User Interface), paspabot4nku, TeCTUPOBIIHUKH.

3. VIMEHHO CHCTEMHBIC HH)XCHEPHl HMEIOT BO3MOXKHOCTb
paccMOTpEeTh CHCTEMY B IIEJIOM, B TO k€ BpeMs (OKyCHPYysCh Ha
MHTEpecax MoJb30BaTelsl.

4. Tlpumepsl

Hwke mnpeactaBieHbl HEKOTOPbIE MPHUMEPhI U3 MPAKTHYECKOM
obmactu paboOThl TPYIOBI CHUCTEMHBIX HWHXEeHepoB B CaHKT-
IetepOyprckoMm LleHTpe pa3pabOTKH MPOrpaMMHOTO O0OECICUCHUs
Motorola.

4.1. CooTHOLIEHUE KOJMYeCTBA TPeOoBaHM

Ha pucynke 1 mpejcraBiieHbl IPUMEPbI COOTHOILEHUS Pa3IMYHBIX
tunoB tpeboBanuii: MR/TR/PFS anst nByx mpeaMeTHBIX 06nacTei.
W3 npuBeAeHHBIX NMPUMEPOB BUIHO, YTO COOTHOIICHHE IPUMEPHO
OJIMHAKOBOE: MAapKETHHIOBBIE TpeOOBaHMs cOCTaBISIIOT OoT 10 10
20% TexHUYECKHUX TpeOOBAaHMH, B CBOIO OUYEpeah TEXHHUYECKHE
TpeboBaHus cocTaBIIOT 5—60% oOT KonudecTBa TpeOOBaHMUIA
peann3anum.

46

74

82

Pucynok 1. CooTHonenune TpedoBanmii
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4.2. lIpuMmepsl noaxoaa k pa3padoTke TpeOGOBaHUI

[lpuBeneHHBIE HIDKE HPUMEPHl  OTHOCATCS K  pa3paboTke
mporpaMMHOTO  oOecrmeyeHHuss AN YCTPOWCTB — HH(POBOTO
TENICBUICHHSL.

IIpumep 1: YMeHbIIEHHOE OKHO J1JIsl BHIE0

ApPXUTEKTypa CUCTEMBI IIPeyCMaTpUBAEeT YMEHBIICHHOE OKOIIKO, B
KoTopoM oToOpakaercss TB kaHanm wim 3amucaHHOE BHJEO B TO
BpeMsl, KaK M0JIb30BaTeNlb pabOTaeT C MEHIO HJIM HACTPOMKAMHU.
OcoOeHHOCTh PabOTHI CHCTEMHOI'O MH)KEHEpPAa COCTOUT B TOM, YTO
OH [OJDKCH IIPEACTaBIsATH cebe BCIO CHCTEMY B I€JIOM, H
MIPOAYMBIBaTh €€ MOBEJCHUE a pa3NW4HbIX cUTyauusix. I[Ipusengem
CHHCOK BOINPOCOB, Ha KOTOpBIE HOKEH OTBETHTh CHCTEMHBIH
WHKEHEp I TOTO, YTOOBI INMOHATH, 4TO OymeT oToOpaxarbcsi B
YMEHBLUIEHHOM OKOIIKE B Pa3HBIX CIydasix:

1) Bo Bpems HHUIUATIH3ALUN CHCTEMbI

2) B cinydae KOH(IHKTA pECYpCOB

3) Tlpu BO3HUKHOBEHHMHU MPAHHYHBIX CUTYAIUi: HAITPUMED,

I0CJIE 3aBEPLICHUS BUJIEO

Ipumep 2: 3anuce

B ycTpolicTBe npeycMOTPEHO [1Ba THIIA 3aITUCH C TEJICBUICHUS:
1. 3anmck o 3a7aHHOMY BPEMEHHOMY MHTEPBAIY
2. IlporpamMMHO-OpHEHTHPOBAaHHAS 3aIHCh
CucTeMHBIH MHXXEHED JIOJDKEH PACCMOTPETH CIEAYIOIINE CUTYaIHH:
*  OtoOpaxeHue 3aIMCH 10 BPEMEHHOMY HHTEpPBAITy B
POrpaMMHO-OPHEHTUPOBAHHOM cpe/ie
*  COop u XpaHEeHHE METATaHHBIX (KAHP MPOTPaMMBI,
aKTepsl, CTyAUs U T.1.)
e OcraHOBKa WK OTMEHA 3aITHCH
*  BriroueHue B 3amucCh TaHHBIX U3 Oydepa
*  PaspereHne KOHQIUKTOB peCypcoB
TpeboBanust peanu3ai MOTYT ONPEAEISATh TaKHe MapaMeTphl, Kak
pasmep Oydepa 3ammcu; BO3MOXKHOCTH HAuMHATH 3alUCh 3a
HECKOJIbKO MHHYT JO Hadaja IPOTrPaMMbl; KOHKPETHBIC OIILUH,
IpeajaraeMble  TOJIB30BATENI0  JUISl  Pa3pelieHus  KOHQIUKTA
pecypcoB, U T.II.
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5. 3akiiouenme

XOTs ONMCaHHBIE METOBI OBLTH OMPOOOBAaHEI Ha paboTe B 00IACTH
(POBOro TEIEBUICHUS, HET HUKAKUX NPHYUH, 0 KOTOPHIM OHH
HE MOTJIH OBl OBITH C yCHEXOM NPUMEHEHBI M B JIPYTHX O0JIaCTsX,
CBSI3aHHBIX C Pa3pabOTKOM MporpaMMHOro obecrneueHus. B stom
cllyyae CUCTEMHBIH HMHXXEHEP OKasbIBaeTCs CBSI3YIOIIUM 3BEHOM
MEXAY TPYNIOH MapKeTHHTra, Iu3aiHepamH, pa3paboTUMKaMH |
TECTUPOBLIMKAMH, YTO II03BOJIICT BCEM YYacTHHKAM IIPOEKTa
Jydllle COCPEIOTOUUThCS Ha CBOEH 3anaue

Ha ocHoBe ombita, momydeHHoro B Caskr-IlerepOyprckom
neHTpe MoToposa, MOXHO C/IeNiaTh BBIBOA O TOM, YTO BBIJICIICHHE
TPYIIBI  CHCTEMHBIX  HMH)KCHEPOB  CIIOCOOCTBYeT  JIydILCH
KOOpAWHAIIMKM M  CTPYKTYPHPOBAHHOCTH IPOEKTa  CO3JaHHSA
nporpaMMHOro odecriedenus. [1ono0Has crielHanu3anys HO3BOIACT
HE TOJBKO M30EkKaTh CO3JAHUS HEIOJNHOIO IPEACTABICHUS O
cucreMe (OrpaHHYEHHOTO TOYKOM 3pEeHUs IpPYyTrUX YYaCTHHKOB
mpoiecca), HO M JOCTUTHYTh 3HAaYUTENbHONH (HE MeHee ueM
JBYKpPAaTHOH) SKOHOMHMH pPECypcoB B Ipolecce OIpeeTeHHs
TpeOOBaHMII 3a CYET MEPEHCIOIb30BAHUS paHee CO3IaHHBIX
TpeOOBaHUHN ISl APYTUX MPOAYKTOB W HAKOTUIEHHOTO OTBITA MO UX
pa3pabotke u GopMyITHPOBKE.
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Maximizing Intel® Compiler Performance Using
Iterative Feedback Directed Optimization

Artem Chirtsov Leonid Brusencov llya Cherny
Intel Corporation Intel Corporation Intel Corporation
artem.s.chirtsov@intel.com leonid.brusencov@intel.com ilya.s.cherny@intel.com

Sergey Grebenkin Sergey Ermolaev
Intel Corporation Intel Corporation
sergey.s.grebenkin@intel.com sergey.n.ermolaev@itnel.com
Abstract

Iterative search of compiler optimization parameters is a
popular method to increase performance of compiled code relatively
to default compilation. Most of the existing papers apply
optimization parameters to the whole application, while our paper
describes results got by the specially modified compiler capable to
parameterize each function independently. Six well-known search
algorithms were implemented and used to search the best
optimization parameters in the space of all possible combinations of
parameters values. Standard SPEC CPU2000 benchmarks were
compiled using internal version of Intel® Compiler 10.1.
Applications were executed on Intel® Core 2™ with Windows*
2003 OS platforms. Six compiler performance options having the
most impact on performance were selected.

As a result we got the maximum performance increase of 11%
for 187.facere benchmark and 4% performance increase of total
SPEC CPU2000 execution time. Search algorithms comparison
shows that most algorithms get very close results varying within 3%
from each other. Some algorithms could get their best results after
10-40 iterations while others could get the same results only after
100 iterations which was the limit of a number of iterations.

Keywords: iterative, compiler, optimization, feedback directed,
parameters, options, performance

517


mailto:artem.s.chirtsov@intel.com
mailto:leonid.brusencov@intel.com
mailto:ilya.s.cherny@intel.com
mailto:sergey.s.grebenkin@intel.com
mailto:sergey.n.ermolaev@itnel.com

Makcumuszanus [lpousBoaureibHOCTH
Komnuasitopa UnTen B Pe:xxnme UtepaTruBHoM
Onrumuszanmnu ¢ OoparHoii CBsi3b1o

Artem Chirtsov Leonid Brusencov llya Cherny
Intel Corporation Intel Corporation Intel Corporation
artem.s.chirtsov@intel.com leonid.brusencov@intel.com ilya.s.cherny@intel.com
Sergey Grebenkin Sergey Ermolaev
Intel Corporation Intel Corporation
sergey.s.grebenkin@intel.com sergey.n.ermolaev@itnel.com
Te3ucel
OueHb HOIYJISPHOMI TEXHUKOHI T YIy4lIeHUA

MIPOU3BOIUTEIFHOCTH CKOMIJIUPOBAHHOTO KOAA OTHOCHTENBHO
CTaHJApTHBIX HACTPOEK KOMITWIIATOpA CErofHs CTaj HUTepaTHBHBIM
nepebop mapaMeTpOB ONTUMHU3AIMKA KOMIUISITOPA. BOJBIIMHCTBO
MOJIXO/I0B MCIIONB3YIOT MAJIS TapaMeTpu3allid BCE MPHIIOKEHUS
LEeJUKOM, B  JaHHOM e CcTaThe  ONMChbIBaeTcs  pabora
MOJU(UIMPOBAHHOTO  KOMIMJITOpa, C  KOTOPBIM  Ben&rcs
MapajuleNbHBIl  TOMCK ~ Hawiydllero  Habopa  IapaMeTpoB
ONTHUMU3AIMHI JUIS KaKA0H (QYHKIMH TO-0TaeNbHOCTH. J{IIst camMoro
TIOMCKa MBI BEIOpaNy M pear30Bajii IMIECTh HanboJjiee M3BECTHBIX
QJITOPUTMOB ¥ CPaBHWIIM PE3YJIBTAThl MX paOoThl. [y m3MepeHus
MIPOM3BOIUTEIBHOCTH MBI HCIOJB30BAJIM  CTaHIAAPTHBIA HabOp
tectoB SPEC CPU2000, kommbroTeps! Ha 6ase mporieccopos Intel®
Core 2™, Microsoft Windows* 2003 u MoauduImpoBaHHbIiA
kommusaTop Intel® Compiler Bepcuu 10.1. Mbl BbIOpanu miecTsb
OMUMH  KOMIOWIATOPA, BIMAIONINE Ha  IPOU3BOJUTEIHHOCTD
MIOJTy4aeMOTro KO1a HanOOJIBIIUM 00pa3oM.

B pesympraTe MBI HOTYYMIHM MaKCHUMAJIBHBI  MPHUPOCT
MIPOU3BOJUTENBHOCTH Ha OTAENbHOM TecTe 11%, a Ha Bcell croute B
cymme — 4%. CpaBHEHUE aITOPUTMOB IOKAa3ajl0, YTO pa3IUYHbIE
QITOPUTMBI JIOOMBAIOTCS B KOHEYHOM CU&T€ OYCHb OJM3KUX
pe3ynbpTaToB, B mpeaenax 3% Apyr OoT Apyra, HO HEKOTOPBIM IS
9TOTO JOCTATOYHO OBLTO TONbKO 10-40 mTepaiuii, Toraa Kak qpyrue
JNOOMBANINCh CXOOHOTO pe3ynbTaTa Ommke K 95 wmrepamusMm (MBI
BBICTaBJISLITN orpannderue Ha 100 urepanuii MaKCUMyM ).

Keywords: UTEPATUBHOEC KOMIIUJIMPOBAHUE, OINTHUMM3ALINA,
oOpaTHas CBsI3b, MTEPATUBHBIA TIOUCK, IPOU3BOJAHUTEIBHOCTS,
rnapameTpbl ONTUMH3ALUH, OMIUH KOMIIWIATOPA. .

518


mailto:artem.s.chirtsov@intel.com
mailto:leonid.brusencov@intel.com
mailto:ilya.s.cherny@intel.com
mailto:sergey.s.grebenkin@intel.com
mailto:sergey.n.ermolaev@itnel.com

1. Beeaenue

UroObl  1OOWTBCS ~ MaKCHUMAaJdbHOM  IPOM3BOIAMTEIHHOCTH
MOJIb30BATENbCKUX MPUIOKEHUH, pa3paboTUMKU KOMIMIISITOPOB
MIOCTOSIHHO YBEIMYHMBAIOT KOJMUECTBO MPUMEHIEMbIX ONTHMU3AIMH
U M3MEHSIOT OJBPUCTUKH adroputMoB. OpHaKo, OOJBIIMHCTBO
ONTUMU3AIMHA HE JAI0T YHUBEPCAIbHOM BBITOABI M BCEX
MPUJIOKEHUH U BCEX CpeJ]] UCIONHEHUs (ONepalMoHHas CHcTeMa,
BBIUHCIIUTENBHOE YCTpoiicTBO M T.4.). K Tomy ke, mocraTodHo
TPYAHO OLEHHUTH dPPEKT KOHKPETHOW ONTUMHU3AINH Ha (PUHATHHBII
KOA W3-32 CIIO)KHOW 3aBHCHMOCTH MPUMEHIEMBIX ONTHMHU3AIHHA
apyr ot apyra. [TomoGHbIE TIPOOIEMBI MOXHO N30€KaTh, HCIOIB3YS
MTOIX0/I UTEPATUBHOTO KOMITMJIMPOBAHUS, TO €CTh METOA rmepedopa
BCEX BO3MOYKHBIX BAPHAHTOB IPUMCHIEMBIX ONTHMHU3AIIHIH.

B  nmamHBIi MOMEHT dYTOOBI CKOMIMJIMPOBATH IMPOAYKT
OIITUMAJIbHBIM O6p330M, YTO MPUXOAUTCA OCYIIECTBJIATH BPYUHYIO,
TpeOyeTcsi OrpoMHOE KOJNHWYECTBO BPEMEHH, HY)XHO 3HaTh W
IMOMHUTh  OOJIBIIIOE  KOJHYECTBO  PA3IMYHBIX  [ApPaMETPOB
KOMIMJIATOPA, BBIOOPOYHO ux HCTIONB30BaTh, 3aTeM
CaMOCTOATENIFHO TIONydYaTh pe3yJdbTaT W CPaBHUBATH €ro C
pe3yiapTaTaMH IpH Apyrux Habopax mapameTrpoB. Maio Toro,
TpeOyercss  OBITh ~ 3HAKOMBIM  CO  CHCIHAIM3UPOBAaHHBIMHU
MpOrpaMMaMH, HM3MEPSIIOIIUMH BpeMsl HCIOJTHEHHUs OJOKOB KOJa,
9TOOBI YMETh KOPPEKTHO OIICHUBATh PE3YJIbTAT ONTHMHU3AIUH.

OpmHako, €cl MPOCTO AaBTOMATHU3HUPOBATH JTOT MPOIIECC,
momoOHast ~ cucTeMa  HEeW30e)KHO  OKa3bIBaeTCS  CIIHIIKOM
TpebOBaTENbHOH KO BPEMEHHM TIOMCKAa U3-32 HEOOXOJAMMOCTH
IIOCTOSIHHOI'O II€PEKOMIIMJIMPOBAHUSA W 3amycka nporpammel. Ho
€CTb BO3MOKHOCTH CYXKCHUA IMPOCTPAaHCTBA ITOUCKA Ha60pOB OHHI/Iﬁ
ONITUMHU3AINN, UCTIOJIB3YS CIICIIUAJIBHBIC aJITOPUTMBI ITIONCKA.

B Hame#t pabore mcmomb3yercs pa3OueHme MporpaMMbl Ha
oTHeNnpHBIe (QYHKIMHM, HO B JaibHeWmeM OyaeT peaan30BaHO
pa3OueHne u Ha Oosiee MeJKHE OJIOKHM, HalpuMep Ha OT/AENIbHbBIE
LUKIBL. OTO TO3BOJIAET MOIYYUTh JAOMOJIHUTENBHBIA HPUPOCT
MIPOM3BOIUTEIBHOCTH, KOTOPOTO OBUIO HEBO3MOXKHO JOOWUTHCS JUIS
BCEH POrpaMMBI [IETTUKOM.
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JIi1st CysKeHuUs IPOCTPAHCTBA TIOMCKA OBLTH PEaTH30BaHBI IECTh
Pa3IMYHBIX M3BECTHBIX ATOPUTMOB TIOMCKA M TIPOBEICH aHAIH3 MX
paboTseL.

YeM  MOXKET  OKa3aThCsd  MOJE3HBIM  HAIl  TOAXOX?
CKOMIUIIMPOBAHHBIH ONTHMAIIBHBIM 00pa30M KO Ui TPYIOEMKUX
BBIYHCICHUN MM 00PabOTKU OONBIIOrO KOMHYESCTBA JAHHBIX MOKET
MO3BOJIUTH TONYYUTh TPEOYEeMBbIil pe3ysnbTaT 3a ropas3[io MEHbIIee
BpEeMsI, HJIH K€ TIOBBICUTh KaueCTBO BBIYKMCICHHUS C MOMOIIBIO0 Oolee
CIIOXKHOTO aNrOpuTMa, HO 3a TO JK€ BpeMs. MaKCHMaJIbHO
BO3MOYKHas OTITHMH3AINS TaKKEe OUCHb BaKHa TSI BCTPAMBAEMBIX
(embedded) cucrem.

2. Ces3aHHbIe pa0oOThI

CeronHst HTEpaTUBHBIE ONTUMH3ALUH - 3TO OYCHb TOIYJISIPHBIN
MOJIXOA B OTBET Ha BCE BpeMs YCIOXKHSIONHMECS apXUTEKTYpHI
nporeccopoB. Tak, Hanpumep, B padoTe [1] 1eMOHCTpHUPYETCs, YTO
IIOJIHBIM IIOMCK B IIPOCTPAHCTBE NapaMETPOB ONTHUMM3ALUI MOXKET
JaTh 3aMeTHBIM (B craTthe B 2.65 pa3 Ha mpuMepe 3amadu
MEPEMHOXKEHHA  MaTpHUI]) TPHPOCT  IPOU3BOJUTEIBHOCTH B
CpPaBHEHHH CO CTAaTHYECKUMH MOJENSAMH, a B [2] JOMOJHUTENHHO
JIOKa3bIBACTCS TI0YEMY MMEHHO Takhe PabOThl NMPHHOCST IIPUPOCT
TIPOM3BOIUTEILHOCTH Ha COBPEMEHHBIX apXUTEKTypax.

IMosBrunch mMyOMMKanuy, B KOTOPBIX OOBSACHACTCS, KaK JJaHHBIA
MOJXOJ, MOKHO WCIIOJb30BaTh Ha IIPAKTUKE, HalpuMep, s
YIIy4IIeHNs] apaMeTpoB ONTHMH3anuH B OnOimoTekax [3] wimm s
Jy4IIEro OMpeeNIeHus CTaTUYecKOil Mojaenu BeIOOpa mapaMeTpoB
onTUMU3AINH [4].

CymectByer mpoekt MILEPOST GCC, omnucanuwii B [5], B
KOTOPOM HPUMEHSAETCS MOAXO0J MaIIMHHOTO camoobydeHus. [locme
HECKOJIbKUX HEZENb HAKOIUICHHS CTaTHCTHKH YOaloCch TOOMTHCA
11% ymeHbIIeHNS BpEeMEHH WCHOJTHEHHS Ha Tectax MiBench Ha
wiatdopmax x86 u 1A64.

B [6] onwuceiBaeTcs MOAXOA — MCCIENOBaHHUS  YpOBHEH
ONTUMU3AIMKM  KOMOWIATOpa AN aBTOMATHYECKOTO  HX
KOHCTPYHUPOBaHUs, 4YTOOBl OHM NPEACTABISUIM  ONTHMAaJbHBINA
KOMITPOMHCC MEXJYy HECKOJbKHMHU OLEHUBAIOMMMHU (QYHKIHMIMH,
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TaKUMH KaK BPEMs HCIIOJHEHUs, KOMIMINPOBAHHUS, pa3Mep Kojaa U
apyrue. Takoil KOMIPOMHUCC ONpEleNseTcs Kak YpOBEHb
ONTHMHU3AIMM, TPH KOTOPOM HAa BCEX ONEHMBAIOINX (QyHKIMSIX
Jocturaercs MakcuMyM. IIpu 3ToM oaMH ypoBEeHb JOMUHHUPYET Haj
JPYTHM, €CII OH JOCTHIaeT JIy4lleil OLleHKH XOTsl Obl Ha OJHOM U3
OLICHMBAIOIINX (YHKIMU, U HE XYK€ Ha OCTAIbHBIX. J[ns oneHkn
pe3ynbpTaToB  Mcmosb3oBanmack hyper-volume (HV) wetpuka,
ommcanHas B [7], Habop TecroB SPEC CPU, mnpomeccop Intel
Pentium 4 wu xommwisitop GCC. bBpui monydeHsl YpOBHHU
ONTHMU3AIMY 3HAYUTENBHO JTydmune, 4eM ctanpaptasie -0s, -0O1, -
02 u -O3; mpu onTUMH3AIMKM BCEX TECTOB LEIHKOM YIaloCh
noxy4yuts 10 30% npupocra no HV-metpuxe.

B cratee [8] yrBepxkamaerca, YTO MOAXOA, KOTOPBIH
UCTIONB3yeTCs B OOJNBIIMHCTBE NTEPATUBHBIX MOMCKOB, KOT/Ia TIONCK
NPOM3BOAUTCA HA OJHUX W TEX JK€ BXONHBIX JaHHBIX,
JEMOHCTPHUPYET JIMIIb TOTEHIMAN, HO HE Kak mIporpamma OyJer
paboTaTh B peaJbHBIX YCIOBHSX. OJTa Ipo0iemMa pemaercs
1o100poM OOJIBIIOTO KOJMYECTBA Pa3JIMUHBIX BXOJHBIX JaHHBIX. B
caMoi cTaThe HCIONb30Basics Habop u3 20 HaOOPOB NAHHBIX I
kaxgoro Ttecra u3 26 B MiBench croute. OkcnepuMeHTHI
NpoM3BOAMIIMCh Ha Kkilactepe u3 16 AMD Athlon 64 3700+ ¢
momomibto PathScale EKIPath Compiler 2.3.1, cnennansHO
HactpoeHHoro 111 AMD npoueccopoB. bbuio nonsyyeHo, 4To XOTs
XapaKTEePUCTUKHU MPOTPaMMBI, TAKHE KaK MPOU3BOIUTEIBHOCTD, WIN
SHEpronoTpediIeHne,  MOTYT  CWIBHO  pa3liMyaTrbCsi  IpH
UCTIONIb30BAaHUN HECKOJIBKUX ONTHUMM3AIMH MPU KOMIWINPOBAHUH,
yale  BCEro  BO3MOXKHO  HAaWTU  TAaKOM  KOMIIPOMUCCHBIM
ONTUMAJIBHBIH Ha0Op MapaMeTpoB ONTHMHU3AIMH, KOTOPHIH OBl
pabotanr Ha BCeX BXOAHBIX JIAaHHBIX OJIWHAKOBO. [Ipuuém
OTCTaBaHHWE OT CKOMITMJIMPOBAHHOW MPOTPaMMBI C ONTHMAaJIbHBIMH
ONTUMU3AIMAMH 11 KOHKPETHOTO HaOopa JaHHBIX HE MPEBBIIIACT
BCero Jums 5%.

B obmactm mnoucka oNTUMAaJIbHOrO HabOpa ONTUMHU3ALMN
CYyIIECTBYET HaTfpaBJICHUE, KOTOpO€e Ha3bIBAIOT
MyJbTUBEPCUOHHOCTBIO WM KioHHpoBaHueM [9, 10, 11]. Ono
OCHOBAaHO Ha  CO3JAaHUU  HECKOJBKUX  CKOMIUIMPOBAHHBIX
BapuaHTOB (YHKIMH, CHENHATU3NPOBAHHBIX Ha ONpeNeIEHHbIC
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mapaMeTpsl BBI30BA, YTO IO3BOJIIET ONTHMH3UPOBAaTh MX Oolee
arpeccuBHO. [Ipy 3TOM BETBIICHHE NMPOMCXOAUT JTHOO CTATHYECKH,
00 IUHAMWYECKH, JIMOO HCIIONb3ysd HAKOIUICHHYIO CTaTUCTUKY
(manpumep, B [12] B xommunsitop GCC BHenmpsieTcs MallMHHOE
camoo0Oyuenue). Takol mNOAXOJ HCHONb3yeTcss Kak HEKOTOpoe
pacuMpeHue aias KOMITWISITOpa, HO HE IOKPBIBaeT BCE Cilydyau
Pa3JIMYHBIX BXOJHBIX JJAHHBIX B IPOrPaMMy.

B pa6ore [13] omuchiBanue moaxo cxoaubIii pabore JIT (just-
in-time) xommusATopoB. IlpuHIMI pPabOTBl  3aKIIOYACTCS B
MHTEPIIPETali KOJAA A JUHAMHYECCKOTO BBIABICHUS HamOoiee
YacTO HCIONHAEMBIX MECT IIPOTpaMMBl, C TOCIEAYIOMEH HuX
ONTHUMM3ALME M TpaHcsiUMed B MAamMHHBIA koxA. [lpuuém
ONTHMHU3AIMs BEAETCS C YIETOM M3BECTHBIX BXOIHBIX JAHHBIX, TO
€CTh YaCTh IIEPEMEHHBIX HCIIOJB3YIOTCA KaK KOHCTAHTBI, YTO
nobasiseT 3¢ HEeKTUBHOCTH.

B pabore [14] nuHaMH4YeCKH BCTABJISIOTCS HMHCTPYKLHU
YIPEXIAIOMEro YTEHUS! M3 NaMsiTH, OCHOBBIBAsICh Ha CYETYMKAX
mnpoueccopa. B pabore [15] wucnons3yroTcs BBICOKOYPOBHEBBIE
ONTHMHU3AIMK KOJa BO BpEeMsl MCIOJHEHHMs JMOO B MapauiebHOM
mporiecce, auO0 BOoOOmEe Ha ynan€éHHOW MamuHe. [naBHas
0COOEHHOCTh JaHHOI PabOTHl — OHA MO3BOJISIET UTEPATUBHO HUCKATh
U TPUMEHATh JAWHAMHUYecKWe onTuMmuzanuu. Ilomb3oBarernio
TIpesIaraeTcs CIelHalbHbIA SI3bIK, B KOTOPOM MOXKHO YKa3bIBaTh
MHOXKECTBO  3BPHUCTHK, KOTOpble  OyayT  TPUMEHEHBl K
OTIpENICTICHHBIM ~ yJacTKaM  [pOTpPaMMbl;  3aTeéM  IOJyYCHHBIE
BapuHaHThl KOJa JWHAMHUYECKH HCCIEIYIOTCS TpH 3aIllycke, M
BbIOMpaeTcs Jiydmiee peuieHue. Kpome 3Toro cucrema mo3BOJSIET
IeHepUpPOBaTh HOBBIE BApHAHTHl KOJA, OCHOBBIBAsSCh HA OIBITE
ONTHUMU3AIMH JIPYTUX (pparMeHToB KoJa.

B pa6ote [16] B mcciemyemoii iporpaMmme BBIIESCIOTCS (hasbl
HCIIOJTHEHUSI CO CXOJHOM MPOM3BOAUTEIHHOCTBIO, CYIIECTBOBAHHE
KOTOPBIX ToKa3piBaeTcss B [17, 18]. Takum oOpa3om, Ha KaxIou
(haze UCIIOTHEHHS MOXKHO HMCIIOIb30BaTh Pa3iIn4HbIC ONTUMH3ALNH,
TO €CTh B OJHOM TOJBKO 3allycke Ipo0OoBaTh cpasy HECKOJBKO
peLIeHuid.
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3. OnucaHue peaJiM30BAHHBIX B MIPOEKTe AJITOPUTMOB NOMCKA

PaccMoTprM BBIOpaHBIHE HAMH JITOPUTMBI TOMCKa MAaKCHMyMa
MIPOM3BOIUTEIBHOCTH B IIPOCTPAHCTBE BCEBO3MOXKHBIX KOMOMHAIMN
IapaMeTpoB ONTUMU3ALUH.

3.1. AaropuTM MOJIHOTO mepedopa

Auroput™ moJsiHoro mepebopa (Exhaustive Search algorithm)
HCIOJIb3YCT Ka)K,Z[LIfI 3 J0IyCTUMBIX Ha60p0B OHLII/Iﬁ KOMITHJIAITU N
(TO CCTh CTPOUT HOJHOC HNPOCTPAHCTBO peHIeHHfI), B CBsA3HU C DTUM
HafiIeHHBII MWHHMYM IIeNleBOH (YHKINH Bceraa  SBIACTCA
rI00aIbHBIM. O,ZlHaKO BBIYUCIMUTCIbHAA CJIOXHOCTH JaHHOI'O

n o
amropurma pasia O(M"), rme N — umcno omumit KoMIUIAIMH,

M — 4yupciao BO3MOXKHBIX 3Ha4YeHHMH omnmuil. Takas CIIOKHOCTH
CUMTAETCS HEMpPUEMJIEMON, TIOCKOJbKY BpeMsi TIOMCKa pacTér
SKCIIOHEHLIMAJILHO ¢ POCTOM uHucia onuui [19], moatomy yacTto Ha
MPAaKTHAKE MPENMOYTCHUE OTHAETCS pa3iIMYHBIM MoauduKanwsM. B
JAHHOW paboTe OBLT MCIIONF30BAaH AITOPHTM IIOJIHOTO Tiepedopa c
MPUOPUTETOM: KaXKIOH ONIMU W €€ 3HAYCHWI0O Ha OCHOBE
9KCIEPTHOH OIEHKH OBLI IMPUIHCAH HEKOTOPHIH BeC, B 3aBUCUMOCTH
OT Hero B mporiecce GOPMUPOBAHUS OUEPETHOTO TECTOBOTO Habopa
T€ WIM WHBIE ONIMH TMOJy4aau Oojiee BBICOKHI mpuoputer. B
pe3ynbTare TpU 3aBEPUICHUHM HUTepaldid 3a70Jro 10 OKOHYAHUS
MoJIHOTO Tiepebopa yxe OyayT ompoOOBaHBI HamOoJee 3HAYUMbIC
KOMOUWHAIINH OTIIUHA U UX MTapaMeTpPOB.

3.2.  AJropuTM rpynmnoBoro HCKJIOYeHHs

Wnest anroputma rpymnnoBoro uckirodenus (Batch Elimination
Algorithm) 3aknrouaercss B TOM, 4YTOOBI ONpPEIETUTH OIMIIUH,
KOTOpbIE CIIOCOOCTBYIOT ~YBEIHYCHUIO BPEMEHH HCIOIHEHHS
TECTUPYEMOH MPOrpaMMbl, ¥ HE HCIOJIb30BaTh MX B JajbHEHIIEM
MONCKE ONTHMaJbHOrO HaOopa onmwmid. Peanmuzamus mgaHHOTO
AIITOPUTM JTOCTHUTACT XOPOIIEH MPOU3BOUTEILHOCTH, CCITH BIUSHIE
OIIHH JPYT Ha IPyTa HE3HAYMTEIBHO.
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s onpenenenus 3¢ dexra ncronp30BaHus KaKOW-THOO0 OIAN
ucnone3yercst OtHocutenbHass [IpomentHas J[onms YimydmeHus
(Relative  Improvement Percentage, mamee RIP), xoropas
MOKa3bIBA€T OTHOCUTEIBHYIO pa3HHUIly BPEMEHH HCIIOJIHEHUS
TECTUPYEMOH MpOrpaMMbl, CKOMIMINPOBAHHON B IByX BapHaHTax:
C BBIKJIIOUEHHOI ommueidl ¥ co BCeMHU BKIIOYEHHBIMU ONLUAMH.
Ecnmu momydeHHas BelMYMHA OTpUIATENbHA, MAHHBIA aIrOpUTM
UCKJIIOYaeT M3 Habopa HCCIeNyeMyIo ONLHUI0, Toylydas, TaKuM
o0OpazoM, ONTUMaJbHBIA Ha0Op. BbluncoUTENBHAS CIIOKHOCTH

QITOpPUTMAa COCTaBJISICT O(n) [20].

3.3.  AJropuT™m UTEPaTHBHOI0 HCKJIIOYEHHS

B oTauuune ot aJIropuTMa rpynmnoBoro UCKJIO4YCHUA, aJllOPHUTM
ureparuBHoro wuckmouenus (lterative Elimination  Algorithm)
MOCJICA0BATCIIBHO HUCKJIIFOYACT U3 CTApTOBOI'O Ha6opa OIIuuu,
KOTOpPbIC YBCJIUYUBAIOT BpeMs HUCIIOJIHCHUA TeCTI/IpyeMOfI
nporpamMMbl. CTapToBBIN HabOp IS AaHHOTO aJrOpUTMa HUYEM He
OTJIIMYACTCA OT CTAPTOBOIO Ha60pa U1 aJIrOpuTMa T'pyIIoBOro

uckimouenns. O6o3naunm 4epes B; naGop omumit B, u3 xoroporo
MCKIIIOUmIM omuumio |, Torna mocne Toro kak s Beex HaGOpOB

B, suwauenms RIP nocunrane, amropurm cosmaér  HOBBIi

. 1
craprossiit Habop B, mexmouas us mero omumio, nmerormyro
RIP ¢ wmaumenbmuM ortpuuartenbHbiM 3HadeHueM. Ilocie uero

1 .
cnoa cuuraror RIP  jnna Bcex ma6opos Bi()' HrepaTuBHbINI

IIpoLIECC NMPOAODKAECTCS A0 TEX MOp, MoKa He OyAyT HCUepIaHbl Bce
omuuu ¢ otpuuatenbHbiM 3Hauenuem RIP . Boruumcnurensnas

2
CIIOKHOCTB IaHHOTO anroputMa coctamser O(N°) [20].

3.4. AaroputM KOMOMHUPOBAHHOTO HCKIIOYEHHS
Anroputm  komMOuHEpoBaHHOTO  HcKimoueHns  (Combined

Elimination Algorithm) coBmemnmaer B cebe wupenm aIroOpuTMOB
[PYIIIOBOTO M  WTEPATHBHOTO  WCKIIOYEHHWs. Eciu  ommuu
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KOMIUIAINK c1a60 BIUAIOT APYT HA Apyra, JAHHBI alropuT™M
UCKJIIOYAaeT ONLMU C OTpuuarenbHeiM 3HauenneM RIP |, kak
QIrOPUTM TPYNIOBOIO HCKIIOUEHHS, B IPOTHBHOM CJydae OH
HCKTIOYAaeT UX B TEUEHHE UTEPATMBHOIO MpoIlecca, KaK alrOpPUTM
UTEPATUBHOTO UCKMoueHus. CI0KHOCTh JaHHOTO alITOPUTMA PAaBHA

0O(n?) [21].
3.5. T'eHeTHYecKHH aJTOPUTM

Ienernueckuii anroputm (Genetic Algorithm)  mo3Bomnsier
HaTH  yAOBICTBOPUTENBHOE  pEIICHHE K  aHaJIUTHYECKH
Hepa3pelnMbIM TpodiieMaM depe3 IOCHeN0oBaTeIbHBIA 1MoI00p U
KOMOMHMpPOBAaHHE HMCKOMBIX IApaMETPOB C  HCIOJIb30BAHUEM
MEXaHHW3MOB, HANOMHHAIOIINX OHOJOTWYECKYIO0 OHBOJIIOLHIO, B
nporecce KOTOpoi BDKMBAIOT HanOoJee MPUCIOCOOICHHBIE 0CO0H,
a HaMMeHee MPHUCIOCO0ICHHBIE TOTHOAIOT.

AJNTOpUTM  Ha4YMHAEeT CBOK pabory ¢  QopmMupoBaHus
HavyaJIbHOM MOMYJISIIUK — KOHEYHOTO Habopa JONMYCTUMBIX PELICHHH
3amaud. OTH peIIeHUs BBIOMparoTca ciydaiiHeIM obOpa3zom. Ha
Ka)X[IOM [l1are SBOJIOLUHU C TOMOIIBIO BEPOSITHOCTHOTO OIEeparopa
CeNIeKIIMM BBIOMpAIOTCS JBa pemeHus — poautenn. Omeparop
CKpEIMBaHUs 10 BBHIOPAaHHBIM PEHICHHSM CTPOMT HOBOE, KOTOpOE
moJiBepraeTcsi  HEOONBIIMM  CIIydalHBIM ~ MOAMQUKALUSAM  —
MyTanusM. 3aTeM pelleHne 100aBiseTcs B MOIYJIIHIO, a PEICHHe
C HaWMEHBUIMM 3HAYEHHEM IelNeBOH (YHKIHMM yHansercs Wu3
nonyJssinuu [22].

3.6.  AJropHMTM™M CTaTHCTHYECKOTro BhIGOpa

AuropuT™  cratucTHueckoro BeiOopa (Statistical Selection
Algorithm) ucnomssyer cratuctuky BeiBoma (Inferential Statistics).
BBomATCS DKCIEPUMEHTANbHAS M HadallbHas THIIOTE3BI, KOTOPbHIE
OpOTUBOpEYAT APYr Apyry. JJisi MPOBEPKH THIIOTE3 ONPENCIISIOT
KOHTPOJIbHYIO U OKCHEPUMEHTAIBHYIO TPYIIBl JUI KaXIOW u3
OILIHIA, HO MOCKOJBKY [UISI MX MPOBEPKU TPEOYyeTCsl 3HAYMTENbHOE
YHCIIO 3aIlyCKOB TECTHPYEMOI POrpaMMBbI ¢ Pa3IMIHBIM HaOOpaMu
OmuMiA, Co30aéTCsl  TOJBKO OJHA KOHTPOJbHas UM  OJjHa
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SKCIIEpUMEHTAJbHAsl TpyINa, B KOTOPOM 3HAYeHUs ONUUi
pacupeneneHsl  COy4aHBIM ~ 00pa3oM C  HCIOJB30BAHHUEM
OPTOTOHAJIBHBIX MACCHUBOB, K KOTOPBIM NpUMEHSETCS TecT MaHHa-
VYutHu 1 pacu€ra BAUSHHS TOM WIM WHOW ONIMM Ha BpeMs
MIPOTPAMMBI.

YroObl OMpENeNTuTh, BIUACT JIM HEKOTOpas OIMIUS Ha BpEMs
UCTIOJIHCHUS TECTHPYEMOW MpPOrpaMMbl, UHPOPMAIUS O BpEMEHH
HUCIIOJHCHUS pacnpenensercs Ha ZIBE TPYIIIIBI -
SKCHEPUMEHTAIbHYI0O M  KOHTPOJIbHYIO, 3aTeM, MCHOJIb3Ys
HHPOPMALIUIO SKCICPUMEHTAIBHON TPYIIIBI, BEITHUCIISIETCS] TECTOBAS
CTaTHUCTHKA, W HA €€ OCHOBE MPH MTOMOIIX BEPOATHOCTHOH (YHKIIUU
onpenensercs, NomnagaeT M ONUUS C JaHHBIM 3HAYEHHEM B
ONTUMAaITEHBIN HabOp [23].

4. MeToapl TeCTHPOBAHUS

Jnst TecTrpoBaHusl ObLT BhIOpaH HaOOp CTAaHIAPTHBIX TECTOB
MIPOU3BOIUTENBHOCTH Tpoueccopa u mamsatu SPEC CPU2000 c
reference  mamueiMu, kommmastop Intel®  Compiler  10.1,
KoMIBioTephl ¢ mporeccopamu Intel® Core 2™ ¢ wacroroit 2.40
I'T1 1 onepatuBHOM mamMsThio 2 I'0, u

8
»

£ OrHowsnve spenBH NCNONHBHNA

3

1 1 21 31 41 51 61 ! 81 9 101
Wrepaipm

Pucynok 9. I'paduk 3aBHCHMOCTH OT UTEPANMH CYMMAPHOT0
BpeMEHH HCIOJTHeHHs GYHKIHUI BeeX TeCTOB sl KaKI0ro u3
anaropurmos. Iloka3aHo IponeHTHOE COOTHOLICHHE
MHHHUMAJILHOT0 BPEMEHHU K TeKylleMy.
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Ha0Op W3 WIECTH HEIOKYMEHTHPOBAHHBIX OIIUMA KOMITWIATOPA,
OTBEUANOIINX 3a BekTOpW3ammio (Vectorize), CiusHWE IHKIOB
(fusion), paz6uenne nukios (distribution), passopaunBanue UKIOB
(unroll, unroll and jam), pazouenne na Omoku (blocking) u
HHCTPYKIMH yIpexaromero ureHus u3 namstu (prefetch). dns
WU3MEpEeHUs] BpeMEHH pPabOThl OTAEIBHBIX (YHKUHUH NpOrpaMMMBI
UCIIONB30BAJICS. BCTPOSHHBIH B  KOMIIWIATOP NPOQUIUPOBIIMK,
KOTOPBIH HHCTPYMEHTHPOBAJ KOJI.

Kaxap1ii aaroput™ 3amyckaics Al KaKIoro OTAeIbHOTO TecTa
¢ orpannyeHueM B 100 Ha MakcUMajabHOE KOJIMYECTBO HUTEpALMi.
3areM TONYYCHHBIC [AHHBIC AHAIM3HPOBAINCH W  CTPOMIUCH
CpaBHUTENBHBIC TPa(QUKH.

TectupoBaHHEe NPOBOAMIOCHE C IIOMOIIBIO  CIICIIHAIBEHO
pa3pabOTaHHOTO MPWIOKEHHUS, MPOU3BOIAIICTO aBTOMATHUCCKU
MOCTPOCHHE W 3aIlyCK TECTOB C COXPAaHCHHWEM JaHHBIX O
pe3ynbTatax B COOCTBEHHYIO 0a3zy naHHbIX. [yl cpaBHEHHUsS ObUIO
B3STO IIECTh OMHMCAHHBIX BBINIE ANTOPUTMOB: ANTOPUTM IIOJHOTO
nepedopa ¢ npuopuretoM (I1I1), anropuT™ rpynmoBro UCKIFOYUCHHS
('), amroputM wuteparuBHOoro wuckimrouenus (MU), amroputm
koMOuHupoBaHHoro uckimoueHus (KU), renermueckuil amroputm
(I"'A), anroput™ cratucTHdeckoro Beibopa (CB).

5. CpaBHUTeJBHBIH aHAIH3

PaccmoTpuM  TpadMK 3aBHCHMOCTH CYMMapHOrO BpEMEHH
UCIIONHEHUsI BCEeX (YHKLUHA BCEX TECTOB OT HOMEpA HTEpalUH
(Pucynok 9). Beuio uccnenosano 164 ¢yukmuii (Bcero (yHKumit
215), Bxomsmux B cocraB pasnuyHbix TecroB SPEC CPU2000
(Bcero 26 TecToB). AHATM3UPOBAIUCH TOJBKO T€ (PYHKIUH,
MUHUMaJbHOE BpEMs HCIIOJIHEHHSI KOTOPBIX COCTaBiisiIio 6omee 1%
OT MHHHUMAJIbHOTO BPEMEHU UCIIOIHEHUS JAHHOTO TIPHIOXKEHUS st
BCEX aJITOPUTMOB, YTOOBI YMEHBIINTh YPOBEHb IIyMa.

I'paduk moKas3pIBaeT NPOLEHTHOE COOTHOIICHHE CYMMBI
MHUHUMAIIbHBIX BpPEMEH HCIIONHEHMS BceX (QYHKUMH K cymme
BpeMEH Bcex (DYHKIMH PEKOPAHBIX ISl JaHHOM UTEpanuy JJaHHOTO
anropurma. Takum obOpa3om, rpaduk JEeMOHCTPUPYET HACKOJIBKO
ObICTPO K&KABIH W3 aNrOpUTMOB IIOMCKAa HNpUOIMKAeTcs K

527



MakCUMyMy  HpPOHM3BOAWTENBHOCTH B  IPOCTPAaHCTBE  BCEX
KOMOWHAIIMH TapaMeTPOB ONITUMI3AIIHH.

Kak BuaHo u3 rpaduka TpyIHO BBIJENIUTH SIBHOTO IIHIEpa,
MIOCKOJIBKY pe3yJbTaThl JHACPOB oTiauyarorcss jumb Ha 0,4%.
Hamnydmme pesynbraThl NOKa3ald TeHETHYECKUH — alrOpUTM,
AITOPUTM  CTAaTHCTHYECKOro BbIOOpa M TOJNHOrO Tepedopa
(oTHOCHUTEIBHOE YMEHbIIIEHHE BpeMeHu cocTtaBuio 3,90%, 3,87% u
3,65% COOTBETCTBEHHO).

OueHpb OJU3KUE APYT K JAPYTY Pe3yJIbTaThl pa3HbIX alrOPUTMOB
OOBSICHSIOTCSL yCpPEIHEHHEM 110 OOJBIIOMY KOJIMYECTBY (YHKIMH
(164). IIpu paccMOTpeHNU OTAETBHBIX TECTOB (MPUMEP HIKE) WIIH
JlaXke OTACNBHBIX (YHKIMH pa3sHble aJTOPUTMBI JOCTHTAIOT Pa3HBIX
MaKCHMYMOB ITPOM3BOANUTEIHHOCTH, a TAKXKE MPUOIIMKAIOTCS K HUM
CYIIECTBEHHO MO-Pa3HOMY.

8
C

—TA

[fr [——T =
T

—cB

_B OTHOWSHKE BPEMEH UCNONHEHWA

=

1" 21 A Lal 51 61 n 81 L1l o
Wrepaips

Pucynok 10. I'papuk 3aBHCHMOCTH OT HTEPANHH CyMMAPHOTO
BpeMeHHU ucnogHenus Beex pynkuuii tecra CPU2000 SPEC
186.crafty nisi Ka:Ka0ro U3 aJropuTMOB.
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Ecnm aHanu3npoBaTh UTEPATUBHBIN MPOIIECC, MOXKHO 3aMETHTb, YTO
ANTOPUTMBI  CTATHCTUYECKOTO BBIOOpa H TIOJNHOTO TIepedopa ¢
MPUOPUTETOM TPUOMIDKAIOTCS K ONTUMAIBHOMY pe3yJbTaTy MO3XKe
Bcex. Iy mepBOro — 3TO CBA3aHO ¢ (pa3od IMPOOHBIX 3aIyCKOB, B
mporecce KOTOPhIX MAET HAKOIUIEHHE MH(OPMALUH, Ul BTOPOTO — C
(hUKCUPOBAaHHBIM TOPINKOM Iiepedopa HE SBIAIOMUMCS HamOojee
ONTHMAIBHBIM JUIA IIMPOKOro kpyra ¢yHkumii. Takum oOpa3om, 3TH
ITOPUTMBI Oy/ly NaBaThb TeM OoJiee TOYHBIA pe3yibTaT, 4eM OoJblie
3alyckoB  OyneT IpOM3BENEHO. AJTOPUTMBI  MTEPAaTHBHOTO U
KOMOMHUPOBAHHOTO HCKIIOYEHHS paHbLIE BCEX MOCTUTIM 3HAYCHUI
ONMM3KMX K JIy4YIIMM HaWJAEHHBIM, YTO IPHU CHIBHO OrPaHUYCHHOM
KOJIMYECTBE HTEpalMii MO3BOJISIET MM  II0Ka3blBaTh HAWIYYILHUE
pe3ysbTaThl. AITOPUTM TPYIIIOBOTO MCKITIOYCHUS MOKA3a]l HaMXyAIINH
pe3ysibTaT M OCTaHOBWI paboTy yke Ha 16 uTepaumy, OJHAKO B
HEKOTOPBIX CIIy4astX OH MOXET CTAHOBHUTHCS JIUAECPOM.

Hanmpumep, paccMoTpuMm Takoi e rpapuk Uil HPHIOKCHUS
186.crafty (PucyHok 2), KOTOpoe NpEACTaBIsIeT CO0Oil IMIaXMaTHYIO
nporpamMmy. Ha rpaduke BHIHO, YTO HaWIy4IIMH pe3yibTaT MOKa3al
TEHETUYECKUH aNrOpUTM, OJHAKO 3HAYMTENIbHO paHbLIC BBHIIIET B
JTUAEPHl U IOJNT0 UM ocTaBajics (86 uTeparuii) alropuT™M rpyInoBOTo
WCKIIIOYEHHs, KOTOPbIH Ha oOIeM rpaduke 3aHHMal I1OCIEIHION
MO3UIMIO; B TO JK€ BpEMsl aITOPUTM HTEPATUBHOTO HCKIIIOYEHHS
yerymuin auaepy nodtu 2,95%. IlomydeHHBIH pe3ynbTaT 00yCIIOBIIEH
OYeHb CIIa0BIM BIMSTHUEM OIIIMH APYT Ha Jpyra B JaHHOM IPWIJIOKEHUH,
YTO B OOIIEM CiTydae BBIpaXKaeTcsl HE TaK SIBHO.

HawubGonbniee oTHOCHTENIbHOE YMEHbIIEHHE BpeMeHu B 11.3% Obuto
MOJYYCHO aJTOPUTMOM HTEPATUBHOTO WCKIIOYECHUS IS TPHII0KEHHS
187.facerec — mcxomHbIii KOJ Ui NPOTrPaMMBl PACIIO3HABAHMS JIHILL,
KOTOpBIH ObIT HamboJiee BOCHPUMMYHMB K BBHIOPAHHBIM  OMIUSIM
ontumm3zanuii. Iloutm Bce TecThl (25 w3 26) mMOKa3zaau TPUPOCT
nmpousBoguTeNnsHOCTH — Oomee  1%.  Pacmpenenenue — mpupocTa
NPOM3BOJIUTENFHOCTH [0  TecTaM IokKa3aHo Ha rpaduke  (
Pucynoxk 11).

6. 3akiroueHme
IMpoBeneHHBIE 3KCIEPUMEHTHI [0 BIIUSHUIO IIECTH OII[HIA
yIpaBIeHUS ONTUMU3ALUAMU KOMITUJISITOPA Ha

MIPOU3BOIUTEIHLHOCTh TMOKA3BIBAIOT  JKU3HECIOCOOHOCTh JaHHOTO
MoJXo/Aa JJis IIMPOKOro Habopa mpmiioxeHWd. i OTHENbHBIX
TECTOB MPUPOCT MPOU3BOAUTENBHOCTH B 8-11% mocturaercs yxxe Ha
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10 wurepamMsX TMOCTPOEHUS W 3allyCcKa IpU HCIOJb30BaHUU
AITOPUTMOB HCKIIOUEHUs. B cpemHem HeoOxommMo okomo 40
UTepanuid sl yIyqmIeHns CyMMapHOW MPOM3BOIUTEIHHOCTH Ha 3-
4%.

B nanpHelimux padoTax OyIeT B ICCATKHU pa3 paciiupeH Habop
ONMIUN KOMIWJIATOPa, a TaKkKe OMpPOOOBAHO TMPUMCHCHHUE
camMo00yyaromeicsi SKCIePTHONH CHUCTEMBI, CIIOCOOHOH Ha OCHOBE
CBOMCTB  MPWJIOXKEHHH  CYIIECTBEHHO  COKPAaTUTh  YHUCIO
HEOOXOMUMBIX HTEpallii BIUIOTh JO OJHOM - CTaTUYECKOM
KOMITWJISILIUH.
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Abstract

There is a challenge to grow the community of developers who
can successfully exploit multi-core because application developers,
who are experts in their domains, are not necessarily parallel or
performance experts. Application providers have limited resources
to develop and maintain multiple target-specific variants of their
source code. Parallel programming is just too error-prone and time-
consuming for wide scale adoption

Intel® Concurrent Collections is a simple yet powerful parallel
programming model which separates the expression of all potential
parallelism in an application both from the serial computations and
also from all the target-specific details. This model raises the level
of a programming language just enough to avoid typical
parallelization issues and requires domain experts to define a
semantically correct algorithm only.

A program in this model consists of an abstract parallel
algorithm definition, high level primitive operations and data
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structures implemented in a serial language. All target-specific
issues are solved by the runtime system. This is a very general
approach of defining a parallel algorithm and it makes easy
expressing any kind of parallelism. Intel® Concurrent Collections
applications are not target-specific and do not have to be rewritten
when they are ported to another platform.

Intel® Concurrent Collections for C++ is implemented as a
C++ library and published on  whatifintel.com site
(http://softwarecommunity.intel.com/articles/eng/3862.htm).
Implementation includes a translator from textual abstract parallel
algorithm definition to classes declaration.

Two standard performance benchmarks were modified to
deploy Intel® Concurrent Collections for C++. Performance
analysis demonstrated viability of the model and its implementation
showing excellent scalability in some cases. Also some future areas
for improvement of the implementation were identified.

Keywords: Parallel programming; C++ library; multi-core; multi-
threading.
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Te3ucobl

WHrepecHa 3amava yBennueHHUs cooOIIecTBa MPOrpaMMHUCTOB,
YCIIEIITHO HCTIOJNIB3YTOIINX BO3MOXKHOCTH MHOTOSIIEPHBIX
apxuTeKTyp. Pa3paboTynky MpUIOKEHUI OTpaHHUYEHBI B pecypcax
Ha pa3pabOTKy M MOJJepXKaHUE Pas3IMYHBIX IUIATO(HOPMEHHO-
3aBHCHUMBIX ~ BapHaHTOB  HMCXOAHBIX KoJo0B. [lapammensHoe
MIPOrPaMMHPOBAHUE CIHIIKOM CIIO)KHO M IIOJIBEP)KEHO OIIMOKaMm,
YTO 3aMeUIAET €T0 MHUPOKOE PacIpoCTpaHEeHHUE.

Intel® Concurrent Collections — npocrasi, HO O4eHb MOIIHAS
MOJieNb TapajIedbHOr0 IMPOrpaMMHPOBAHUs, OTHEISIOIIas BECh
NOTEHIMANbHBI  Mapauienu3M B HPUIOXKEHUM U OT
TIOCJIEI0BATENILHBIX BBIYUCICHUH, U OT IUIaTQOPMEHHO-3aBUCHMBIX
JeTanei. Ora  Mozenb HNOJHUMAET YPOBEHb A3bIKA
MIPOrpaMMHPOBaHUS POBHO HACTOJIBKO, YTOOBI M30€XaTh THITMYHBIX
mpobJyieM MapajieNn3alii, U ITO3BOJISET JKCIepTaM IPeIMETHOM
00JaCTH JTUIIB ONPEENATh CEMAaHTUIECKH KOPPEKTHBIM AT OPHTM.

536



IMporpamma, wHanucanHas B Moxenu Intel® Concurrent
Collections, cocTout U3 abCTPaKHOTO ONpeeICHHs MapaieIbHOrO
JITOPUTMA, BBICOKOYPOBHEBBIX OIEpALUi M CTPYKTYp JaHHBIX,
peaM30BaHHBIX B IIOCJIENOBATEIbHOM s3bIke. Bee ruardopmeHHO-
3aBHCUMBIC BOIPOCHI PEIIAIOTCSA CUCTEMOM HCIONHEHHUA. DTO OUCHb
o0muii MOAX0J K OMNpPEIENCHUIO MNapaJuIeJIbHOI0 alrophTMa,
JeTalomui  JNETKUM  BBIpaKCHHE JIOOOT0 THHa Mapaulenn3Ma.
[Ipunoxennss B 53TOM MOAETH HE SBIAIOTCA IDIaTHOPMEHHO-
3aBUCHMBIMH M HE HY>KAAIOTCS B IIEPEIUCHIBAHUY TIPH MIEPEHOCE Ha
IPYTYIO IaThopmy.

Intel® Concurrent Collections mst C++ peanuzoBana kak C++
Ooubnmoteka W omybOnukoBaHa Ha caiite  whatif.intel.com
(http://softwarecommunity.intel.com/articles/eng/3862.htm).
Peamuzanmst Bkimouaer B ce0sl  TPaHCISTOP M3  TEKCTOBOTO

| abcrpakTHOrO OMMCAHMS aNrOpUTMA B ONpEIEeHHE KITACCOB.

Z[Ba TMPUIIOKCHUA U1 aHAJIN3Ba MMPOU3BOAUTCIIBHOCTU CUCTCMBI
OBUTH pean30BaHbl C IOMOIIBIO JaHHOM MOJIENU U MOATBEPIMIHN &
KHM3HECTIOCOOHOCTh, B HEKOTOPBIX CIy4asXx HpPOJEMOHCTPUPOBAIN
XOPOIIYI0 MaclTabupyeMoCTh, a TaKKe ONPEACTHIN 00IacTH IS
JabHEHIIETo Pa3BUTHS MOJICIH.

Keywords: TIlapamienpHoe mNOporpaMMHUpOBaHHE; OHOIHOTEKA
| C++; MHOTOSZICPHOCTh; MHOTOTIOTOYHOCTb.
1. Berymienmne

MHorosaepHble apXUTEKTYPBl PacIpOCTPaHSIIOTCS BCE mupe, a s
TIOJIHOTO KCIIOJIB30BAHMSI MPEJIOCTABISIEMBIX BO3MOKHOCTEN BCE BaykHee
CTaHOBUTCA MapamiensHoe mporpammupoBanue. Camo 1o cebe
napajuielbHOe  MPOTPAMMHPOBAHWE OYEHb  CJIOXKHO, TOJBEPKEHO
OIIMOKAaM M 3aBHUCHUT OT JIS)KAICH B OCHOBE apXUTeKTyphl. Ceifuac oueHb
WHTEPECHA 3a/iaya YBEJIMYEHHUS COOOIIecTBa MPOTPAMMUCTOB, YCIEIIHO
HCTIONIB3YIONIUX BO3MOXXHOCTH MHOTOSIIEPHBIX apXUTeKTyp. OmHUM U3
crocoOOB pEMIeHUs] IaHHOW 3aJadyd SIBISIETCS pa3paboTKa CPEnCTB,
MO3BOJIOIINX ~ M30eKaTh  HU3KOYPOBHEBOTO  MPOTPaMMHUPOBAHHS
MHOTOIIOTOYHOCTH.

OmHuM ©3 TakuxX cpeiactB siBisiercs npoekt Intel® Concurrent
Collections for C/C++. 310 ouenp mnpocrass ¥ MOIIHAS MO
napajuieIbHOr0 NPOrpaMMHUPOBAHUS, OTHAENSIONIAsl BBIPAXKEHHE BCETO
MIOTEHIMATIHLHOTO TIapauIeu3Ma B TMPUIIOKEHUHN U OT TIOCIEI0BATENbHBIX
BBIYHCIICHUH, U OT apXUTEKTYPHO-3aBUCUMBIX JIETaJICH.
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2. Mogeas Intel® Concurrent Collections

B u4éM OCHOBHas CIOXHOCTH IMapauIeIbHOTO IPOTrpaMMUPOBAHUA?
Pa3paboTunk JOKEH 3a00THThCS O BBIPAKECHUH IMapajluleNn3Ma, 4YTO
4acTO NMPHUBOJIUT K TOMY, YTO pa3pabOTUYMK yJeisieT MHOTO BHUMaHHUE He
camoMy IPUIOKEHHUIO, a paboTe ¢ mapauieTu3MOM.

Hpyrast OpUYKHa, 3aTpyIHSIOMIAsS napauiesibHoe
NPOrpaMMHpPOBaHUE, — OHO BCTPOEHO B TIOCIEIOBATEIbHBIC SI3BIKU
NPOrPaMMHpPOBAHUs, 4YTO BJICUET 3a COOOH SIBHOE YIOPSAOYMBAHUE
ornepanyii ¥ epe3anuch JaHHBIX.

Intel® Concurrent Collections momauMaeT ypoBeHB SI3bIKA POBHO
HACTOJNIBKO, 4TOOBI M30€XaTh YINOMAHYTHIX mpoOieM. BBoawTcs He
paciIipeHue s3bIKa, a HHTepQeiic 1T onucaHus 3a1a4i. JTO MO3BOJISCT
pemiaTh 3agady CICHUAJIHCTy IPEIMETHOH OO0NacTH, KOTOPBIA He
SBJISICTCS CIELUAIMCTOM B 00JIACTH NapaLIeIbHOTO NPOTPaMMHPOBAHUSL.
Takum 00pa3oMm, OT pa3paboTuuka TpeOYyeTCsl HamucaTh CEMaHTHYCCKH
KOPPEKTHYIO TOCIIEeI0BATEIbHYIO MPOTPaMMy B paMKax HaKJiaJbIBaeMbIX
Intel® Concurrent Collections orpanuyenuii. C HEr0 CHUMAIOTCS MHOTHE
HHU3KOYPOBHEBBIE BOIIPOCHI:

®  ONTUMM3ALMSA [0 KOHKPETHYIO apXUTEKTYPY

e HammcaHWe IUIATHOPMEHHO-3aBUCHMOTO KojAa JIi paboTHl ¢

HOTOKaMH

e  QaJaHCHPOBKA 3arpy3KH IIOTOKOB

e  pacmpeleneHHe 3a1a4 MeXy IPOLECCOPaMu

PemenneM »3TUX 3amad MOXET 3aHHMAaThCs JPYroil YeNOBeK,
CIELHMATUCT N0 ONTHMH3AlMH, HE3HAKOMBIN C MpeIMETHOH 00JacThlo,
W CTaTUYECKHUI aHaIu3 WX aHaJINu3 BPEMCHU UCTIOJTHCHUA.

3. Intel® Concurrent Collections u apyrue Moaenu napajiieibHOTo
NpPOrpaMMHUpPOBAHUS

IToxxox Intel® Concurrent Collections 3naunTensHo oTIMYaercs ot
JPYTUX CYHIECTBYIOIMX MOJIENIEH MapaulebHOTO IPOrPaMMHUPOBAHHSI.

Ilpu wucnonszoBanuu  Cilk[1] mnporpammuct sBHBIM 00pa3om
yKa3bIBae€T  BBI3OBBI  (DYHKIMH, KOTOpbIE MOTYT  HCIIOJBHSTHCS
napaJuleNibHO, a TAKXKe 0 CHHXPOHM3AIMU TP IIOMOIIM 0apbepoB, HO MPU
9TOM TEKCT NPOrpaMMbl NPH yIaleHHH W3 Hero kimoueBbix cioB Cilk
siBisiercst KoppektHoit C/C++ mporpaMmoit.

OpenMP[2] odeHb XOpOIIO MOAXOAWT I 3amad, OO0JaJaroIINX
napajuleNiu3MoM MO JaHHbIM. ba3oBble Bo3moxxHoctd OpenMP oueHb
IpOCTbI B OCBOCHUHM, YTO U ACIACT OTY MOACIbL OYCHb HOHyHHpHOﬁ.
Hcnonp3oBanue OpenMP tpebyeT moaaepKKu KOMITHIATOPA.
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Intel® TBBJ3] nmpenaraet BBICOKOYPOBHEBYIO
waTPOPMEHHOHE3aBUCUMYIO  aOCTpakuuiO sl [apajuielibHOTO
NPOTrPaMMHPOBAHMUS, a TaKXKe MHOXKECTBO 0a30BBbIX MapajebHbIX
AJITOPUTMOB, KOTOpPBIE MOTYT 3HAYHMTEIBHO COKPAaTHTh OOBEM Koaa |
YBEJIMYHUTh €r0 KAaueCTBO W Haa&xHOCTh. Mcmons3oBanue Intel® TBB
TpeOyeT XOPOIINX HABBIKOB MPUMEHEHUS 11aGJIOHOB s3bika C++.

Bo Bcex BBIIENEPUYECICHHBIX MOJENIAX MPOIPAMMHUCTE  SIBHO
3a00THUTCSI O BBIPAXKEHHH MapajUieii3Ma U UMEET JeJ0 ¢ UMIICPATUBHBIM
ONMHUCAHUEM aJrOpuTMa. Takod MOIXOM TO3BOJSET HMETh OOJNBIINN
KOHTPOJIb HAJl MPOM3BOAUTEIBHOCTHIO MPOTPAMMBI, HO 3aCTaBIsIeT
pa3paboTyrKa IyMaTh O MHOTUX HU3KOYPOBHEBBIX BOMPOCAX.

IMogxox Intel® Concurrent Collections ornwuaercs Ttem, uro
npeAjgaraeMoe  eCTEeCTBEHHOe  (DYHKIMOHANbHOE  IPEACTAaBICHUE
aropuT™Ma TpeOyeT JIHIIb ABHOTO yKa3aHWs 3aBHCUMOCTEH B aNropuTMme,
4TO  JeNaeT  BO3MOXHBIM  BBISBICHHE  BCEr0  IOTCHIMATBHOTO
napajuieNnu3Ma aaropurMa. Takke Takoe OINHCaHWE alrOpUTMa SIBISIETCS
3HAUUTEJbHO Oojiee OOIMM, YTO TO3BOJSIET A(PQPEKTUBHO BBHIPAKATH
000U TUT Mapajiean3ma.

C 1pyroit CTOPOHBI, CKpbIBas BCE HH3KOYPOBHEBBIE BOIPOCHI
nmapaiienusmMa ot paspaboruuka, Intel® Concurrent Collections rtaxoke
JIMIIIAET €r0 BO3MOKHOCTH 3HAYUTEIBHO BIUATH HA MPOM3BOIAUTEIBHOCTE
MPOTPaMMBI.

4, OcHOBHbIE IOHATHS

OCHOBHBIE TOHATHS OYAYT PacCMOTPEHBI Ha IPHUMEpE IMPOCTOTO
npuoskenust Blackscholes, pemaromiero auddepeHuaipHoe ypaBHEHHE
bmoka-1lloyn3a 1yt MHOKecTBa HAOOPOB BXOJHBIX MapaMeTpoB. JlaHHas
nporpamMma IpeJcTaBlieHa B Habope NPHIOKEHHH Ui TECTUPOBAaHUS
npousBoauTensHOCcTH cuctembl PARSEC[4].

Croco6 ommcanust 3agaun B Moxein Intel® Concurrent Collections
MpeACTaBIsieT co0Ol B3MILN — pa3paboTyMKa Ha pelraeMylo 3ajaady,
KOTOPBIH JIONOJIHEH POBHO HACTOJILKO, YTOOBI CHEJIaTh  BO3MOXKHBIM
UCIIOJTHEHUE JAHHOT'O MTPEACTaBICHNUS.

B onmcanmm anropurMa pa3pabOTYMK OTBEYAET HA CIEAYIOLIHE
BOIPOCHI:

e  Kaxkwue BbIJIETICHBI BRICOKOYPOBHEBBIE OTIepaliuu?

e Kakue 1aHHbIE UCTIONB3YIOTCS?

e Kakue MIPUCYTCTBYIOT OTHOILICHMS

MIPOU3BOIUTENST/TIOTpeOUTENS?
o Kaxkue JAaHHBIC ABJIAIOTCA BXOJAHBIMH, KAKHC BI)IXO)IHI)IMI/I?
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I'paduueckoe mpencrasieHne aaropurma npunoxenus Blackscholes
MPEACTaBIEHO Ha pUCYHKe 1.

/\/P IMapameTpsr OrtBer /\f>

Pucynok 1. I'padnueckoe npeacrasiienne
anropurma Blackscholes

TakuM 00pa3oM BbIICNCHBI JBa THUIA CYLNIHOCTEH: BBICOKOYPOBHEBBIC
omepanuy, Ha3zpiBaeMble mar (Step), m simemeHTs! naHHBIX (ltem). B
npumepe Blackscholes mar wassiBaercs «PereHne», IeMEHTHI JaHHBIX
nasbiBarotcst «llapamerpei» u «OtBer». IIpsiMble cTpenku 0003HAYAIOT
OTHOUICHHS MPOM3BOAMUTENSI M MOTPEOHTENs, @ (UIYPHBIMH CTPEIKAMU
0003HaYEHBI BXOJIHBIC M BBIXO/IHBIC JAHHBIC.

JUis yTOYHEHHUS 3TOTO OMMCAHHS pa3paboT4UKy TpeOyeTcsl OTBETUTh
TaKKe Ha CIEIYIOIINE BOIPOCHI:

o Kaxk Ppas3IndaroTCAa 3K3EMILIAPBI HIaroB U 3JIEMEHTBI [[aHHI)IX?

e  KakoBbI HA0OPHI IIATOB U JICMCHTOB JAHHBIX?

e Kewm onpenenstorces 31 HaOOpHI?

Z[J'IH OTBE€TAa HAa 3TU BOIIPOCHI K SK3EMILIIpaM MIaroB U 3JEMCHTOB

4%

/\fb TMapamerp: n = Pemrenue: I-Ilzlcno:n,\f>

Pucynok 2. I'padnueckoe onucanue
aaroputma Blackscholes

JMAHHBIX J00aSFOTCS YHHKalbHBIE HaeHTH(uKaTopsl (Tag), uMmeromue
MIPOU3BOJIFHOE YUCIIO aTPUOYTOB MPOU3BOIHHOTO THIIA.

Habop OXHOTHMIIHBIX 3JIEMEHTOB JAHHBIX O0Opa3yeT MPOCTPAHCTBO
asemeHToB JaHHBIX (ltem Space), Habop maroB oOpa3yeTr MpOCTaHCTBO
nraros (Step Space) u Habop uaeHTH(HUKATOPOB 00pa3yeT MPOCTPAHCTBO
unentuduxaropos (Tag Space).

Ha pucynke 2 u3obpaxen amroputm mpunoxenus Blackscholes s
rpaduueckom  mpezacrasiennn  Intel®  Concurrent  Collections.
IIpocTpancTtBa maroB 0003HAYAIOTCS OBANIOM, WIACHTU(UKATOPOB —
TPEyroJbHUKOM, a MpPOCTPAaHCTBA JJIEMEHTOB JAHHBIX 0003HAYAIOTCS
NPSMOYTOJIbHHUKAMH.
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Takke BBOMUTCS TOHATHE OTHOIICHHS MEXKIY CYITHOCTSIMH.
CyIIHOCTH MOTYT HaXOAUTHCSA B OTHOIIEHKH ToanuceiBanus (Prescriptive
relations), uro Ha rpaduUECKOM IPEACTABICHHM  OOO3HAYETCS
OYHKTHPHOH  CTPEJKOH, WIM B OTHOIICHHH MPOU3BOJAMTEIS U
notpebutesst (Producer and consumer relations) — cruiomHas ctpenka.

B  OTHOWmICHMHM TOANKCHIBAHUS MOTYT  HAaXOAUTHCS  TOJBKO
MPOCTPAHCTBO UACHTH(MUKATOPOB U MPOCTPAHCTBO IHaroB. [Ipu aToM st
KaXI0ro HACHTH(UKATOpPA M3 MEPBOrO MPOCTPAHCTBa OyAeT CO3MaH U
HCIONIHEH  IIar  BTOPOTO  TPOCTPAHCTBA,  MOMEUYCHHBIH  3THM
uneHTHUKaTopoM. [Ipy 3TOM HET OrpaHWYCHHIN HA YHCIO MPOCTPAHCTB
[IaroB,  MOJNMHCAHHBIX OZHUM WM TEM K€  IPOCTPAHCTBOM
HACHTU(PHUKATOPOB.

B oTHOIIEHWH MOTPEOUTENS COCTOAT TPOCTPAHCTBO 3JIEMEHTOB
JAHHBIX M TPOCTPAHCTBO IIATOB, MPH 3TOM IIar MOXET HCIOJIB30BaTh
JIaHHBIE U3 YKA3aHHOTO MPOCTPAHCTBA 3JIEMEHTOB JaHHBIX.

OTHolIeHne MPOU3BOAUTEIIA — OTHOLICHHUC MCKAY IMPOCTPaHCTBOM
aroB ¥ NpoCTpaHCTBOM BJICMHTOB JaHHBIX WJIN I/II[CHTI/I(i)I/IKaTOpOB. 9t0
03Ha4YacT, 4YTO HIar MOXKET NPOU3BOJAUTHL 3JICMCHTBI JAaHHBIX YKa3aHHOI'O
TUIIA WIH I/II[eHTI/Iq)I/IKaTOpI)I, qTOo ACJa€T AOCTYIHBIMU IJIsI MCIIOJHCHUSA
HOBBIC IIIaru.

Kak sta mozmens paboraer mias mpumepa Blackscholes? Jlo nauana
BBIYHCIICHUH TIPOTPaMMHUCT JTO0ABIAET B TPOCTPAHCTBO DIICMEHTOB
JIAHHBIX BCE HEOOXOIMMBIE HAOOPHI MAPAMETPOB M IS KaKIOTO U3 HUX
co37MaéT  COOTBETCTBYIOmMH  maeHTH(uKarop.  [locime  3amycka
BBIYHCIIEHUH TSI KaXKIOTO CO3MaHHOTO HAECHTH()UKATOPA BBHITOIHAETCS
BBICOKOYPOBHEBAsI OTEpaIlysl, UCTIONB3YIOIAs TaHHbIE M3 TPOCTPAHCTBA
«[TapameTpsl» U TPOM3BOMAIIAS 3JIeMEHTHI aaHHBIX «OTBer». Ilocime
BBITIOJTHEHHUSI BCEX BBIYMCICHUM PEIYIbTUPYIONIUE TaHHBIE CTAHOBATCA
JIOCTYIHBI IPOTPaMMUCTY IS JaJIbHENIIe paboThl ¢ HUMH.

B TakoM omucaHHU anropuTMa pa3paboTUMKy HUTIE HE MPHUXOIUTCS
3a00TUTBCS O TapaUlelii3Me MPHIOKCHHUSI, TEM HEe MEHee, OH JOJDKCH
coOJI0/IaTh HEKOTOPBIE E€CTECTBEHHBIC OTpaHuueHus. [lpeamonaraercs,
YTO IIArHM BBIMOJHAIOTCS aTOMAapHO, IIark MOTYT B3aHMOJICHCTBOBATh C
rIo0abHBIME  IQHHBIMH TOJBKO MYTEM JOOABICHUS W MONy4YCHHS
JaHHBIX W3 MPOCTPAHCTB 3JIEMEHTOB. 3ampemaercs MoAu(HIUPOBATH
rno0abHbIe JaHHBIE HANPSIMYK, 3TO MOXKET IMOBIHUATH Ha PE3yJbTar
BBINIOJIHEHHS APYTHX IIATOB.

Takum  oOpa3oMm, BBOAMTCS  JOCTATOYHO  MPOCTask  MOJETb
MapajIebHOTO  MPOTPAMMHPOBAHHS, OCBOOOKIAMOMNIAs — CIEIHATHCTA
MPEIMETHOW 00JaCTH OT HH3KOYPOBHEBBIX BOIPOCOB IMAPAIUICIHBHOTO
MPOrpaMMHPOBaHusI. MoJenb SBISETCS YHUBEPCATbHOW U MOXET OBITh
MIPUMEHEHa TPAaKTHUECKH K JI0O0OMY SI3BIKY M apXHTEKType: Kak K
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aApPXUTEKType ¢ 00IIel MaMAThIO, TaK U K apXUTEKType ¢ pactpeaeIéHHOI
MIaMSITBIO.

5. Texymas peanuzanus aisa C++

Ha nauubiii MoMeHT uMeeTcst peanusaist mojenu Intel® Concurrent
Collections mis C++, ucnonb3ytomast OUOIUOTEKY ISl MApaLIeIbHOTO
nporpammupoBanus Intel® Threading Building Blocks, Beimonnennast B
BHJIc MA0JIOHHON OMONIMOTEKH. BRICOKOYPOBHEBOE OMMCAHUC aNTOPUTMA
MPOU3BOMUTCA HE B TpadUueckoM, a B TEKCTOBOM Buie. llpaBmma
TEKCTOBOTO OIMCAHMUA OYEHb IMPOCThl, HA PUCYHKE 3 TPUBEACHBI
TEKCTOBBIC SKBUBAJICHTHI TPAQUUECKUM 0003HAUCHISIM.
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Pucynok 3. CooTBeTcTBHE MeXKIY IPaPUUIECKUM U
TEKCTOBBLIM NDEACTABJICHUAMHU

st Blackscholes texctoBoe omucanue aaropurMa mpeacTaBieHo Ha

pucyHke 4.

//OBBaBIeHMUS

[Data* parameters];

[double results];

<number: int n>;

//OTHOWEHNSS ONIUCKNA

<number> :: (Solve);

//OTHOWEHVST NPOUBBOAUTENSA/IOTPEeOUTENS

env —> <number>;

env —> [parameters];

[parameters] —-> (Solve);

(Solve) —> [results] -> env;

Pucynok 4. TexcTroBoe npeacrabieHue
aaropurma Blackscholes

Bxo/HbIC ¥ BBIXOAHEIC TaHHBIC 0003HAYCHBI KaK MPOU3BOIUMBIC HITH
motpebsieMble OKpyXeHneM. B jmaHHOM ciydae okpyxkenue — 310 C++
porpaMma, NpPOU3BOASIIAS HayaldbHYIO MOJITOTOBKY JAHHBIX M HUX
00paboOTKy TMOCNe 3aBEpIICHUS WCIOJNHCHHS OIMCAHHOTO rpadom
anroputMa. B onmucaHUM 3JIEMEHTOB JaHHBIX TaKXKe HEOOXOAMMO yKa3aTh
THIT TaHHBIX, KOTOPbIE CONEPYKATCS B DJIEMEHTaX. JDTO MOXKET OBITh Kak
MPUMUTHBHBIN THI si3bika C++, Tak W THI HAHHBIX, ONMPEACIEHHBII
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noJsik30BaTesieM. B onpenenenny naeHTHGHUKATOPOB HEOOXOIMMO yKa3aTh
ux arpuOyTel. B Tekymiedl peannzanmum THI aTpruOyTOB MOXKET OBITh
TOJNBKO HPUMHUTHBHBIN IIEIOYUCICHHBIN THIT iNt, @ MX YHCIIO0 OrpaHUYCHO
naTelo. Takke B TEKCTOBOM OIMCAHWUHM pa3pelieHbl OJHOCTPOYHBIE
KOMMEHTapUH, Ha4ajio KOTOPhIX 0003HaYaeTCsl ABYMS KOCBIMHU YepTaMH.

OmnpeneneHue Kkinacca rpada reHepupyeTcsi C IOMOILBIO TPAHCIATOPA
U3 TEKCTOBOTO IIPEACTABICHUS ANrOpUTMa. TpaHISATOP IMPOU3BOAUT
3arosioBouHblii C++ aiin, KoTOpbIil BKIrOYaeTcst pa3pabOTYMKOM B
nporpammy. Takke TpaHCISTOp TEHEpUpyeT TEKCTOBBIH (aitn ¢
mabIOHaMH ONpENeNIeHUs [IaroB, KOTOPbIE MOTYT CHJIBHO IIOMOYb B
pab6ote ¢ untepdeiicom Intel® Concurrent Collections.

IMarm ommceBatoTcss Kak oObrgHBIE CH++ (yHKIMH, HO HMEIOT
ONpe/ieNnéHHYI0 CHTHATYpy, npumep miara «PemeHue» NpuiioKeHus
Blackscholes npesncrasien Ha pucyHke 5.

StepReturnValue t Solve (
blackscholes graph té& graph,
const Tag té& step tag) {
Data* parameters =
graph.parameters.Get (step tag);
double result =
SolveBlkSchlsEquation (parameters) ;
graph.result.Put (step tag, result);
return CNC_Success;

Pucynok 5. Onucanne mara «Pemenue» B
npuJjio:kenuu Blackscholes

Bo3paijaemoe 3HaYeHHE — 3TO OJJHA U3 JBYX CICHHANBHBIX KOHCTAHT:
CNC_Success u CNC_Failure. Tlepoe curHamuzupyeT 06 yCIECITHOM
3aBepIICHNH BBIYHCIICHUI, Toraa kak mpu Bosepainennu CNC_Failure
[Iar HE CYMTACTCSl 3aBEPIICHHBIM M €r0 HCIOIHEHHE OYAeT MOBTOPEHO
HO3KE.

Aprymentamu (QYHKIHMH IIara SBISIOTCS rpad H HICHTH()UKATOP
ucnonHsieMoro miara. I'pad mpemocTaBiseT AOCTYN K HEOOXOAUMBIM
NPOCTPAHCTBAM 3JIEMEHTOB JaHHBIX C HOMoLIpl0 MeTomoB Get u Put,
OEPBBI  CIY)KUT JUI  [OJNYy4EHHS OJIEMEHTa JAHHBIX 10  €ro
HUICHTH(OUKATOPY, BTOPONM — Ui MOOaBICHMS HJIEMEHTa IaHHBIX C
YKa3aHHBIM HACHTH(PHUKATOPOM. B TMpPOCTPaHCTBO HICHTH(HHUKATOPOB
MOKHO JTHIIIH TOOABIISATH HOBBIE 3K3EMILIAPHI C TOMOIIBI0 MeToa Put.
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Jls 3amycka anropuTMma TpeOyeTcsi co3aTh 00BbEeKT rpada JTaHHOTO
IrOpUTMa, HWHHUIMAIN3UPOBATh MPOCTPAHCTBA DJIEMEHTOB [aHHBIX H
uAeHTU(UKATOPOB BXOJHBIMHU JIAHHBIMU M BBI3BaTh y rpada Meros run.

6. Ilepesamyck maros

Ilopsimok HCHOJHEHUS IIAroB HEOIpeneNnéH, IMO3TOMY MOTYT
BO3HMKaTh CHUTYallMH, KOTJa 3alyIICHHBI Ha UCIIOJHEHHE 1Iar TpedyeT
emeé He AOCTyIHbIE JaHHbIE. B 3TOM cilyuae mpoaomkeHue HCIOTHEHUs
mara HEBO3MOXKHO, OH IIPEPBIBACTCS M MOMEIIACTCS B JIOKAIBHYIO
ouepenp OXHIAHUS 3TOTO 3JEMEHTa JAAHHBIX. OJTO O3HA4yaeT, 4To B
MOMEHT, KOTJ[a 3JIEMEHT JaHHBIX CTaHET JOCTYIEH, BCE OKHJABIIHE €TO0
mary OyIyT Nepe3amyIeHbl.

Takoif MexaHW3M TIO3BOJSIET 3HAYUTENIBHO YIPOCTHTH PpadoTy
MPOTPaMMHCTa, HO M HAKJIQABIBACT MOIOJIHUTEIbHBIE OTPAaHWYICHUS Ha
olpe/ieJICHHUE Iara:

e Bce meronst Get m0mKHBI BBI3BIBATHCS PaHbLIE JIIOOBIX METOJIOB
Put
e Jlo BeimonHeHHsT BceX MeTonoB Get Henmb3s BBIICNATH HIIH
0cBOOOXKIaTh TAMSTH
e [llaru He JOKHBI UMETh CTOPOHHUX 3P (PEKTOB
He coGmonenne 3TMX OrpaHWYEHHH MOXET TNPHBECTH K YTEUKe
MIaMATH 1 HENpeIcKa3zyeMoil paboTe mporpaMMel.
MexaHu3M nepesamycka IIaroB MO3BOJISET 3aMyCKaTb IOCTYIHBIE
1Iard B MPOU3BOJILHOM HOPSIIKE, HE BIMAS HA KOPPEKTHOCTb IPOrPaMMBl.

7. Hcnoab3oBaHue 0JJOYHBIX aJIropurmMoB

HecmoTps Ha mpocTOTy B NPUMEHEHHH MOJIENH, YacTO MOXKHO
MOJTYYUTh 3HAYMTENBHBIA BBIMIPHIII B MPOU3BOAUTEIBHOCTH, BBIIOIHAS
omepanuyd He IS OTHAENbHBIX OOBEKTOB, a i OJIOKOB OOBEKTOB.
OcoOeHHO 3TO CTAaHOBHUTCS Ba)XKHO, KOTZAa BBIYMCICHUS JJISI OJHOTO
oObekra Mmanbsl, MeHee 5000 mHcTpykumil. B sTOoM ciyuae HakmamHble
pacxoisl Ha CO3JaHME€ M U3BJICUEHHE DOJEMEHTOB JaHHBIX U
UACHTH(HUKATOPOB M3 MX IPOCTPAHCTB, CO3/laHME M 3allyCK IIAaros
CTaHOBSITCSI OUE€Hb BECOMBIMH.
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Pucynok 6. CpaBHeHMe pa3HBIX BADUAHTOB
aaropurma Blackscholes

B npunoxenun Blackscholes pemenne auddepenunansroro
YpaBHEHUsI ISl OJTHOTO HAaOOpa BXOIHBIX NMapaMETPOB 3aHUMAaeT MeHee
500 unHcTpykumii mpoueccopa. Ha pucyHke 6 mpeacTtaBieHO CpaBHEHHE
BpPEMEHU HCIOJHEHHs CIIEAYIONMX BapuaHTOB anroputMma Blackscholes
JUIs pellieHus 3ajaud Ha BocbMHM moTokax g 5000000 pasznuyHbIx
Ha0OpOB MapamMeTpoB:

e [locnenoBarenbHas MporpamMMa
OnuH HaOOp mapaMeTpoB 3a mar
10 HaGopoB mapamMeTpoB 3a Iiar
100 HaGopoB mapaMeTpoB 3a mar
1000 HabopoB mapamMeTpoOB 3a mar
SIBHOE UCITIOIB30BaHHNE CUCTEMHBIX IOTOKOB

[Ipn sBHOM HCIIONB30BAaHUM INPOTPAMMHCTOM CHCTEMHBIX IIOTOKOB
nyTeM cucTeMHBIX BbI30oBoB OC misi pacmapautenusanus Blackscholes,
paszeneHun 00bEMa pabOT TOPOBHY MEXIy BCEMH ITOTOKAMH, MOXKET
ObITh JOCTUTHYTa IPOM3BOAMTENLHOCT, Ha 2% Jydmie, 4YeM IpH
ucnonszoBannu Intel® Concurrent Collections.

Ha pucynke 7 npejcTaBieHsl rpaguku MPOU3BOUTEILHOCTH Pa3HBIX
BapuantoB anroputma Blackscholes mno orHomenuto k Bepcuw,
HCTIOJIBILYIONIEH CUCTEMHBIC OTOKH, UCTIOJHSIIOMIECHCS HAa OJJHOM MOTOKE.
MacmtabupyeMocTh BEpCUHU aIropuTMa ¢ pazmepom 6110koB 200 MeHbIIIe
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Pucynox 8. Bpems ucnosnenns Dedup,

NOCJIeIOBATEILHOI M TapaJlie/IbHOli Bepcuu, Ha
¢daiinax pazmepa 159MB u 356MB
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Ha pucynke 8 mpexncraBieHbl IpadUKH BPEMEHH HCIIOIHEHUS
nporpammbl  Dedup w3 Habopa TPHIOKCHHEM JUIS TECTHPOBAHHS
npousBoauTenbHocTH cucteMbl PARSEC u 3Toif ke mporpammbl B
npencrasnenun Intel® Concurrent Collections. Dedup mnpousBomut
cxkarue aitnor meromom deduplication. Anroput™m cxaTHsi HOCTATOYHO
CIIOKEH, TIPEJCTaBIseT coOOH KOHBeWep, B KOTOPOM DJIEMEHTHI
TOCNIeIHEeH cTanuy, 3amicu B (aiin, T0omKHBI 00pabaThIBaTECS CTPOTO B
MOCNIEIOBATEIbHOM — MOpsAaKe. MacmTadupyeMocTh  ajiroputMa B
npencrasinennn Intel® Concurrent Collections uesenuka n3-3a 60IBIIOTO
Yrca He0OXOIUMBIX 3aBHCUMOCTEH B Tpade.

Benyrcs pa3paboTKu 1Mo yIydYMICHUIO TNIAHAPOBIIIKA 3aJaHUH ITyTEM
Ha3HaYeHWs [IaraM I[PHOPHTETOB. OTa BO3MOXKHOCTh IIO3BOJISET
YMEHBIIUTB BpeMsl HCHOJHEeHHs TporpamMMel Dedup Ha BOCEMH B TIOTOKaX
B 1,4 pa3za.

8. 3akirouenme

Beita mpejicTaBiicHa HOBas MOJENIb IapalIeNbHBIX BBIYHUCIECHHI,
HMEIOIIAs CIEAYIONINE [eIIH:
e Tlommepskka BCEX THITOB MApaIIETH3Ma
e TlommepskKa BCETO CIEKTPa MapauIebHBIX apXHTEKTYP
e Tlommepskka BCEro CHEKTpa MOIENEi UCITOHEHHST
e  CokpsiTHE HU3KOYPOBHEBBIX BOIIPOCOB napajIebHOTO
MPOrPaMMHPOBAHHS
IporpaMma B 3TOM MOJEH COCTOMT M3 abCTPAKTHOTO MpEICTaBICHHUS
MapajyIeJbHOTO aTOPUTMAa W BBICOKOYPOBHEBBIX OIEPAIMi U CTPYKTYP
JIAHHBIX, peaNn30BaHHBIX Ha [I0CJIEI0BATENBHOM A3BIKE
POrPaMMHPOBAHHS.
OCHOBHBIMH TIPEUMYIIIECTBAMH HCIIOJIB30BAHUs OMMCAHHOTO TI0IX0/a
K TIOCTPOEHHIO MapaslIeIbHBIX TIPOTPAMM SBJISIOTCS:
e [IpuioxeHue JIerk0 MOPTHPOBAThH, IIOTOMY YTO OHU HE SIBISIFOTCS
w1aTGOPMEHHO-3aBUCUMBIMU
e bBonee npocras u ObicTpas pa3paboTka, 4TO OOeECIeYnBaeTCs
COKPBITHEM  BOIIPOCOB  Mapajuiein3mMa M BbLICICHHEM
BBICOKOYPOBHEBOTO OITUCAHHS AJITOPUTMA
e BompocamMu NpoOU3BOAUTENHHOCTH HA KOHKPETHO# Iiatdopme
sanuMaetcs peanusaiust Intel® Concurrent Collections
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9.

HpI/IMeHCHI/Ie MOACIN K CTaHAAPTHBIM TECTaM IMPOU3BOAUTCILHOCTH
IIOKa3bIBaCT OTJIMYHYIO MaCHIa6I/IpyeMOCTL B Clly4dasx, cClIn
BBIYHUCJICHHSA HC paBGI/IBaIOTCH Ha CJIMIIKOM MCJIKUC IIaru M
3aBUCUMOCTHU II0 JAHHBIM HC 06pa3y}0T CJIOJKHBIX l"pa(l)OB C Y3KUMH
MECTaMH B BUIC Ha60pa MOCJIEA0BATEIbHBIX BBIYHUCIICHUIA. ﬂﬂﬂ Ooitee
CJIOKHBIX CJIy4a€B HCCICAYCTCAd BO3MOKHOCTH aBTOMAaTU4YCCKOI'O
OGLGZ{I/IHCHI/UI HCCKOJIBKHX IIaroB W CO3aaHUA Ooiee 3(1)(1)CKTI/IBHOFO
TIJIaHUPOBLIUKA BBIYMCIICHUM.

Jluteparypa

[1] R. D. Blumofe and C. F. Joerg, “Cilk: An Efficient Multithreaded
Runtime System”, Proceedings of the 5" ACM SIGPLAN Symposium on
Principles and Practice of Parallel Programming. 207-216.
http://supertech.csail.mit.edu/papers/cilkjpdc96.pdf.

[2] “OpenMP Application Program Interface, Version 2.5 May 2005,
from the OpenMP web site: http://www.openmp.org.

[3]17J. Reinders, “Intel Threading Building Blocks: Outfitting C++ for
Multi-core Processor Parallelism”, 2007.

[4] C. Bienia, S. Kumar, J. P. Singh and K. Li, “The PARSEC Benchmark
Suite: Characterization and Architectural Implications”, Princeton
University, TR-811-08.

549



The Integrated Enterprise Data Warehouse Engineering

Dr. Sergey V. Zykov, Ph.D.
TEKAMA LLC
4, 2™ Roschinskaya St., Moscow 115191 Russia
E-mail: sergey.zykov@tekama.com

Abstract

The paper considers content management in web-portals, embracing
heterogeneous enterprise information systems (IS). Quite a heavy data
burden has been accumulated by the enterprises, and it tends to increase
further. Global distribution of the heterogeneous data and its weak-
structuredness make it difficult to manage in a uniform way. A problem-
oriented approach for enterprise content management is presented, which
includes a formal model and a software development toolkit.
Implementation results are given, which prove significant terms and cost
reduction.

550
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Te3ucel

B pabore paccmarpuBaercst yIpaBiIeHHE KOHTEHTOM Ha OCHOBE
WHTepHeT-TIOpTanoB,  OOBEIUHAIOIIMX  PAa3HOPOAHBIE  MCTOYHUKHU
nHopmanuu. Yxe ceromHs 00beMbl KOPIIOPATUBHBIX XPAHMIIHUIL JaHHBIX
BECbMa 3HAYUTEJIbHBI, M OHH OyIyT OBICTPO BO3pacTaTh B AAIbHEHIIIEM.
I'ereporenHocTs, robanbHAs  PacIpeNeNICHHOCTD n  crnabas
CTPYKTYpPHPOBaHHOCTb ITHX JaHHBIX 3aTPYIHSIOT

eIMHOOOpa3Hoe yIpaBieHHEe WMH. IIpemnokeHHBIH TpeaMeTHO-
OpUEHTHUPOBAHHBIM  IMOJXOA K  YNPaBICHUIO  KOPIOPAaTUBHBIMU
XpaHWIUIIAMH JAaHHBIX BKJIIOYaeT KaK MaTeMaTH4YeCcKyl MOJelb, TaK U
WHCTPYMEHTAJIbHBIE CPEICTBA MOJACPKKH pa3pabOTKH IPHUIIOKEHHH.
IomyueHHble pe3ynbTaThl MOATBEP)KIAIOT CYLIECTBEHHOE COKpAICHUE
CPOKOB " CTOUMOCTH BHE/IPEHHUS CHCTEM yIIpaBJICHUS
KOpHOPAaTHBHBIMHU XpaHWINIIAMH JIaHHBIX.

1. Introduction

State-of-the-art enterprise 1S currently handle terabytes of
heterogeneous information data (and metadata) sources, which tend to
change for petabytes shortly. Such huge data volumes demand new
models, methods and tools to manage them uniformly. A positive way of
the solution is portal-based enterprise content management (ECM). Major
software producers lack adequate formal models in their ECM schemes,
which makes the process vendor-dependent and non-uniform. Thus, the
approaches known as yet either have model-level methodological “gaps”
or do not result in enterprise-level solutions with practically applicable
implementation features (scalability, availability, fault tolerance etc.). The
proposed ECM methodology is a part of the integrated IS lifecycle
support for heterogeneous portal-based environment [12].
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2. Theoretical background

ECM methods used for combine statements of finite sequences [1],
categories [2,3], semantic networks [4] and variable domains [5]. Finite
sequences and categories are used for data object modeling. Categories
are used to model virtual ECM machine by means of an abstract machine.
Computations theory allows to construct denotation semantics of ECM.
Semantic networks are used for visualization.

3. The methodology
3.1 Outline

The dynamic state-based ECM data model is adequate for
heterogeneous weak-structured environments.

The model supports personalization-based front-end and back-end
(meta)data processing. Component and event-based scripting technologies
support extendable, distributed, and interoperable environments.

The variable domain-based model features event-driven (meta)data
object management of heterogeneous problem domains. Therewith, the
range of possible (meta)data sources is extended up to virtually arbitrary
data warehouses that support both front-end globally distributed enterprise
IS and legacy systems. The methodology features content-oriented
(meta)data model based on an abstract machine.

A multi-level integrated 1S design and implementation scheme is
suggested (see fig. 1) that provides fast component-based ECM. The
scheme is used to maintain the enterprise content adequacy and provide its
integrity control. During the ECM lifecycle, the content specification is
transformed from problem domain notations to formal computational data
model entities, further, by means of a CMS-equipped CASE-toolkit to
object-relational (meta)database scheme and, finally, to the target Web-
representation. A formal language notation is suggested to represent the
content and the environment during its lifecycle transformations.

3.2 The object model for data and metadata

An object-based data model is suggested.
Data in the model is represented as follows:

Data = <class, object, value>,
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Figure 1. Generalized design and implementation procedure of IS for
global network environments

where under a class a collection of objects of the integrated enterprise
database is implied. An object means an element of ECM IS portal page
template. A value means a template data object instantiation and
represents the problem domain dynamics.

Compared to results known as yet, principal benefits of the model
suggested are more adequate mapping of heterogeneous weak-structured
problem domain dynamics and statics as well as event-driven (meta)data
control in a global computational environment.

The data model is based on two-level conceptualization [6], i.e., the
process of establishing relations between problem domain concepts.

Obijects, according to assigned types, are assembled into assignment-
dependent collections, thus forming variable domains, which model
problem domain dynamics and statics.

(Meta)data and state semantics is adequately formalized by the model
based on multi-sort typed lambda calculus, combinatory logic, semantic
network scenarios and categorical abstract machine with states.
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The data model compression principle allows model application to
concepts, individuals and states separately and to the data on the whole.

The integrated object model for data, metadata and states is
characterized by structural hierarchical organization, scalability, metadata
encapsulation and readability. Extendibility, adequacy, neutrality and
semantic soundness of the formalization provide problem-oriented IS
development with (meta)data object adequacy maintenance throughout the
entire lifecycle.

On the basis of multi-parameter functional

F=F((v),(e),...) (s) (p),
where assignment values represent:

s — IS user personal preferences;

p — IS user registration status;

v — IS client interface parameters;

e — IS data access device parameters,
a problem-oriented object model for portal personalization has been built,
which is based on functional || F || evaluation functionl [8].

3.3 The model for content management

Abstract machine for content management (AMCM) [10] is suggested
as an ECM IS model, which is an improved version of categorical abstract
machine (CAM) [2]. At any given moment AMCM is determined by its
state. AMCM work cycle can be formalized by explicit enumeration of
possible state changes, which define the procedure of AMCM state
dynamics modeling.

From the formal model viewpoint, when portal page templates are
mapped into the pages, variable binding evaluates the variables that
represent template elements and their values, i.e. portal page elements.

AMCM semantics can be described on the basis of D.Scott’s variable
domain theory [5]. Therewith, atomic template types are selected from
standard domains, while more complex template types are built using
domain constructors.

AMCM formal semantics is built as follows:

1) Standard (most commonly used within the model framework)
domain enumeration;

2) Finite (containing explicitly enumerable elements) domain
definition;
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3) Domain constructor (operations of building new domains out of
the existing ones) definition;

4)  Aggregate domain formalization using standard domains and
domain constructors.

Domain constructors include functional space [D;—D,], Cartesian
pr*oduct [D1xD,x...xD,], disjunctive sum [D,+ D,+... +D,] and sequence
D.

Let the AMCM language contain expression set E (including constant
set, identifier set I, assignment operation (content “write operation” to
template “slot”) etc.), and command set C (comparison, command
sequence etc.).

AMCM syntax is completely defined by the following syntax domain
description:

Ide ={1 | I — identifier};

Com ={C | C — command};

Exp ={E | E — expression}.

Let us collect all possible language identifiers into lde domain,
commands — into Com domain, and expressions — into Exp domain.

The state-based AMCM environment model can be represented as
follows:

St = Mem x In x Out; (s)
Mem = Ide — [Val + {unbound}]; (m)
In = Val*; Q)
Out = Val*; (o)
Value:T1+T2+ (V)

AMCM state is defined by “memory” state considering input values
(i.e. content) and output values (i.e. web-pages) of the abstract machine.
Therewith, under memory a mapping from identifier domain into value
domain is implied, which is similar to lambda calculus variable binding.
For correct exception handling, unbound element should be added to the
domains. Value domain is formed by disjunctive sum of domains, which
contain content types of AMCM language.

Semantic statements describe denotates (i.e. correct construct values)
of AMCM (meta)data object manipulation language.

Semantic statements for basic AMCM language commands and
expressions are presented in [12].

Constant denotates are their respective values in a form of ordered pair
of <variable, value>, while program state remains unchanged.
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Identifier denotates are identifiers bound with their values (if binding
is possible) in a form of ordered tuples of <variable_in_memory,
identifier, state>, while the state remains unchanged (an error message is
generated if the binding is impossible).

Thus, ECM IS template binding with the content may result in AMCM
state change and in a number of limited, predefined cases (particularly,
under template and content type incompatibility) — in error generation.

Semantic statement for an AMCM command, which assigns content to
template element, results in state change with substitution of content value
by the identifier in memory.

4. Customizing the methodology

Let us apply the computational models introduced to the target ECM IS
and the portal.

The problem domain model is based on two-level compression [6],
which is interpreted here as establishing relationships between data object
classes C of the integrated problem domain D, which, in general, are
modeled by the domains:
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a Class (UML)

Photo

-Name : char
-ColorDepth : int
-Resolution : int
— -ID : long
-Width : int

1 -Height : int
-TemplMask : long double L]

Object construction:
0 =[luAu] a; & {0} = {oeD| [Ad]}

Object aggregation:
Or(A)={o]|0o: A>T} [Value (portal)
. == y
Typing: &
T={v:D|A},
Or(A) ISAT

Figure 2. The CMS object model with a portal page generation
example
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C=Iw:[D] V v:D (w(v) <> A) = {v:D | A},
where:

C and D are in a relation of partial order with each other (C ISA D);

A is a condition of data object w belonging to class C (according to a
problem domain expert).

Complex, “multi-dimensional” data objects are modeled as n-arity
data object relationship (frame representation is given in [12]):

R" = Iw: [Vy,..,. Vo] YViVi .. YWV, W vy,... . vi] <) = {]
Vi:Vy,...,vi: V] | T}

Thus, any class of data objects is a collection of ordered pairs (v;:V),
where v; is i-th attribute of the class, and V; is type of the class.

However, class attributes contain not only data, but also metadata
(e.g., object dimensions, and integrity constraints). Another metadata
example is a number (binary bit mask), which defines effective rights of
class objects usage in the templates of ECM IS.

Under assignment ay, class C is instantiated with A, template of ECM
IS web-page. Therewith, evaluation of template collection M assigns the
value “true” to its only element m;, the index of which equals to the
template number (k):

M= (ml,. coy My,. .ty mN),
where Vi=1,...,N m;e{0,1};

[MIA] = (me*,..., m*,..., my*),
wherem*=1,i=k u m*=0,i=k

Besides, the metadata attributes vi,...,v, are instantiated with
metadata objects, according to constraint conditions t; of template I":

[(Vi:Vy,. et Vo)l = (VAT (), [vallU(6) = (Vs Ve s vn V).

Therewith,

V" ISA Vy,..., Vi  ISA V.

The second assignment a, results in (v’,...,v,’) template instantiation
of the ECM IS web-page with content values of (cy,..., c,):

[(vi: V1. v V) ]e = (vi'/eq,..., Vi'lcn),
where

C1:Cq,..., cn:Cy,
and CiISAV.,...,C ISAV, .

Note that the abstraction level of the model elements decreases
during transitions from classes to objects, and, further, to their values.
Data object expandability during meta-level transitions provides
extendable software development. According to the types assigned, the
objects are aggregated into assignment-dependent collections and they
form variable domains. Adequacy, neutrality and semantic soundness of
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data objects and their components provide problem-oriented ECM with
continuous model-level lifecycle support.

Object classes u are defined by means of description lu A(u) with the
values of [luA(u)], where A is a slection criterion. Applying
assignments a;€ A and a,€A from domain A transforms the classes first
into objects

o =[luA(u)] a,
and then to their values: ¢ = 0 a,.

Two-way assignment character (from classes to values and
backwards) provides an adequate model of re-engineering; description
mechanism simplifies modeling in both directions.

Variable domains

Or(A)={o|o0: A>T}
are constructed as collections of objects o with types T, extracted from
problem domain D by selection criteria predicates A, while the
collection of possible data objects o is contained in D, and the collection
of actual ones, Ot (A) is contained in T.

Thus, the basic modeling principle can be summarized as follows:

[ class of objects]: assignment — object,
where the bracketed part refers to the language level of class description,
and the rest refers to the software level. The principle means that to
declare a class we use selection criteria, which identify functions from
assignments into objects, i.e. class is treated like a process.

Data objects are identified as follows:

[ object class ] : assignment — object » object » » assignment
— value » value,
where “»” means abstraction level decrease.

Thus, the diagram (see fig.2) illustrates the compression principle

o=[luAula; & {o} = {oeD|[A (D) ]},
and the essence of problem domain modeling process, which transfers
language-level classes to problem-domain ones by the evaluation
function [e]. An object class is modeled by its selection criteria A and its
description 1. Evaluation function maps problem domain objects to data
definition language ones.

Figure 1 also gives an example of ECM modeling.

The example starts from data class (digital photo image)
representation in UML. The class has the following image attributes:

ID: char;

Name: int;

ColorDepth: int;

Resolution: long;

Width: int;

Heght: int;
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TemplMask: long double;

The latter attribute refers to the bit mask of the ECM template.

The first assignment a; fixes certain template attributes (such as
relative position of the digital photo image, etc.) in the resulting
enterprise portal web page. The second assignment a, results in
evaluation of the ECM template web page by the content values.

IS development methodology has been customized for enterprise
portal management, including information and interface (i.e. data and
metadata) of Internet and Intranet sites. Detailed design scheme is given
in[11].

According to the scheme, a formal procedure for heterogeneous data
warehouse processing is suggested that allows users to interact with the
integrated distributed (meta)database in a certain state, depending upon
dynamical script-activated assignments. Therewith, scripts depend on
user-triggered events and provide transparent intellectual client-server
front-end interaction. Dynamic profiles for (meta)database access
provide strict and flexible personalization, high fault tolerance and data
security for ordinary and privileged IS users in heterogeneous
environment.

5. Implementation overview

The ECM development approach has been practically approved by
constructing Internet and Intranet portals for ITERA International Group
of Companies (http://www.iteragroup.com).

The Menu module of ECM is aimed at portal navigation data storage
and processing. Pages module is related to Menu and tracks events of
assignment, migration and deletion of portal pages, (meta)data and
navigation menu items. Images module provides storage, retrieval and
portal web publication of digital photo and graphics images. News
Columns module supports periodical portal publications (press releases,
media news, etc.) including data from related third-party 1S modules.
Special sections module organizes visual management of portal content
(i.e. data) and design (i.e. metadata) by given criteria set. Administration
module implements data personalization, profiling, access control
policies and (meta)database synchronization.

In terms of system architecture, the ECM IS provides assignments
(depending on front-end position in data access hierarchy) with
assignments for (meta)data entry, modification, analysis and report
generation (from administrator level down to reader one). Problem-
oriented form designer, report writer, online documentation and
administration  tools make an interactive interface toolkit.
(Meta)database supports integrated storage online access to data and
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metadata (e.g., object dimensions, integrity constraints, representation
formats, etc.).

Implementation process included fast prototyping (with mySQL
DBMS and Perl scripting) and full-scale integrated Oracle-based
implementation. The fast IS prototype proved adequacy of the
(meta)data model and of the approach on the whole.

Upon prototype testing, the ECM IS has been developed, which
manages Intranet and Internet portals (http://www.iteragroup.com).

Implementation proved 40% terms and costs reduction (on the
average) as compared to commercial software available. Functional
features have been essentially improved and include better ERP and
legacy IS integration, easier handling complicated objects and smarter
report generation. Advanced personalization and access control have
substantially reduced risks of (meta)data damage or loss [9].

6. Results, conclusion and future work

The ECM construction methodology with lifecycle support has been
introduced. The methodology is a part of the integrated approach to
enterprise 1S development [8], which provides adequate, consistent and
integrate (meta)data manipulation during its entire lifecycle.

A set of (meta)data object models have been constructed. It includes
state-based dynamical models for problem domain and development
tools. The models provide integrated (meta)data object manipulation in
weak-structured heterogeneous problem domains.

An ECM IS for (meta)data object management software
development toolkit has been implemented. The IS has content-based
architecture with front-end and back-end interfaces.

A fast event-driven prototype and the full-scale ECM IS have been
implemented. The IS manages Internet and Intranet portals for a
corporation employing around 10,000 people in nearly 150 companies
of more than 20 countries. Implementation results proved substantial
terms and costs reduction as compared to commercially available
software. The ECM IS is based on a model, which integrates objects
management methods for data and metadata.

The author is going to continue his studies of models and tools that
support ECM systems.
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