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PA3SPABOTKA CEMENCTBA IIPOIPAMMHBIX
CUCTEM B CIHEIIN®NYECKOU ITPE/IMETHOU
OBJIACTH

C.B.T'ycc

PaccmarpuBarorcst ob1me BOTIPOCH pa3pabOTKN CeMelcTBa MPOTPAMMHBIX CH-
CTEM B paMKax JIMHEWKW MPOrPAMMHBIX MPOIYKTOB HA OCHOBE CHCTEMAaTHUYE-
CKOT'O TOJIXOJ[a K [MOBTOPHOMY HCIIOJIb30BAHUIO TPOU3BOACTBEHHBIX AKTHUBOB
(HpPOrpaMMHBIX KOMIIOHEHTOB, CIIENUAJIM3UPOBAHHBIX MHCTPYMeHTOB). [IpoBo-
JuTCcd 0030p OCHOBAHWUIA, JIEXKAIIUX B KOpHE AaHHON npakrTuku. Obpariaercs
BHUMaHUEe Ha TPOodecCUOHAIbHbIE KAYECTBa pa3paboTuMKOB KOHEYHBIX IIPO-
JIyKTOB U TpebyeMblii ypoBeHb 3HaHUil 11 ux 3 PeKTuBHON PabOTHI.

BBenenue

Cormacuo [13,15,19,21], cuneruagbHO CO3JaHHBIE WX OTOOPAHHbBIE, aJANTHPOBAH-
Hble 1 HACTPOEHHBbIE HA OIPEJIEJIEHHOE CEeMelCTBO NPOIPAMMHBIX CHCTEM, CPeCcTBa
pa3spaboOTKU B COUYETAaHUU C OIPe e/ IEHHON 11PO(ecCuOHAJIBHON HOJINOTOBKOM UCII0JI-
HUTeJIell MPOEKTa CIHOCOOHBI YBEJIUYHTH MPOU3BOIUTEILHOCTD IPOIECCa CO3IAHUS
KOMITIOTEPHBIX IPUJIOKEHUN U 00eCIedYnTh BBICOKOE KadeCTBO pa3padaTbIiBAEMOTO
MPOIYKTa.

K rakum cpejicrBaM OTHOCATCS MO/JI€/IU, KAPKACIL, 11aOJIOHbI U IIPEeJIMETHO-OPUEH-
TUPOBAHHbBIE SI3BIKH MOJIEJUPOBAHNUS /IPOrPAMMHUPOBAHNS, CHOCOOHBIE CBA3ATH CO-
CTaBHbIE YACTU MPUJIOKEHHS B paMKaX 0OIeil apXUTeKTypbl ceMeiicTBa MporpamMM-
HbIX cucreM [2,5,19]. B Mozessx orobpazkaloTcs obIue odepTanus TpOrpaMMHBIX
ejunuil. Kapkacbl onpe/ie/igior XxapakKTepHble Jijisi TPOIPAMMHBIX €/IUHUIL [IOBTOPHO-
ucnoJibdyembie abcrpakiyu. [IpejMerno-opueHTUpOBaHHbIE SI3bIKU JIEJIAI0T IIPOIECC
paboThl € TUMM ADCTPAKIUSAMU IIPOU3BOJUTE/IbHBIM, & 1MA0JOHbI HOBBIIIAIOT -
(EeKTUBHOCTD IIPOIECCa, OrpaHUYUBaAsd BO3MOYKHOCTL COBEPIIEHHS HEKOPPEKTHBIX
JIeiCTBUIL, B TO 2Ke BpeMs yKa3bIBas BEpPHBIH IIyTh paboThl ¢ abcTpaknuavu. /loda-
BUB K 9TOMY aBTOMAaTH4YeCKHE IPOTIPAMMHBbIE MHCTPYKIUU, OKA3bIBAIOIIHE TOMOIIb
pas3paboTyruKaM, HEIOCPEJICTBEHHO BO BpPeMs CO3/IaHUs IIPUJIOZKEHUNH, MOXKHO 00'b-
eJIMHUTH BCE BMeCTe B CIEIUaJbHBbIN IMMaKeT, PACHIMPSAIONIAI BO3MOKHOCTH HHTE-
IpUpOBaHHOl cpepl paspadborku. K npumepy, cpemga Microsoft Visual Studio 2010
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UMeeT B CBOEM apceHaJsie BCce HEOOXOIMMBIE JIisi PACIIMPEeHHs CPeCTBa, BKJIIOYas
cienuaJibHble IIa0JIOHBI IIPOEKTOB, eCTh HedTo momobHoe u B cpepax IDE Eclipse
u Embarcadero RAD Studio. Ocoboe Bwiiesnenne mpoaykToB Kommanun Microsoft
BbI3BAHO T€M, 4TO B paMKaX O,Z[HOfI u3 eé uccjae10BaTe/IbCKuX HHUIUATUB IIPOBOAAT-
Cd IIOUCK U pa3BUTUE METOAO0B aBTOMATHU3aAllUU, & B KOHEYHOM cuére u UHAYCTPU-
aJIM3aliid pa3spabOTKU MPOrPaAMMHBIX IIPOYKTOB, UTO JOJIZKHO IIOBBICHUTH Ipodec-
CHOHAJIBHBII yPOBEHDb 3PEJIOCTH Pa3pabOTUYMKOB MPOrPAMMHOI0 ObecledeHusd. ITa
MHUIUATHBA, Ha3BaHHas (habpUKaMu IPOrpaMMHOrO obecnedenus [19], pacemarpu-
BaeTCd aBTOPOM CTaTbU B CBOEM TEOPETUICCKOM U HHPAKTUYECCKOM acCIIeKTe.

Hapsny ¢ obmuvu peKoMeH ausaMi 110 COCTABICHUIO MAKeTa BCIOMOraTe TbHBIX
CpeJacTB, Ky/a BXOIAT 6I/I6.HI/IOT6KI/I IIPpOrpaMMHbIX KOMIIOHEHTOB, ClleIUaJIU3UPOBaH-
Hbl€ MHCTPYMEHTDbI, JOKYMCHTAIUA U aBTOMATUYCCKHE PYKOBOIACTBA, OIIMCAHHbLIMU
B |19, 21, 25|, HEOOXO MBI TaKKe KOHKDETHBIE DEKOMEH/IAIMU 110 CO3/AHUIO ITaKe-
TOB JIJIsl KOHKPETHOM mpeMeTHol obractu [15]. B kadecrBe mpeamMernoit obiacTu B
[PEJICTABJIEGHHOM B CTaTbe IPOEKTE IMPOrPAMMHOI0 OOECIIeYeHHsI BBICTYIAIOT UIPO-
Bble 00ydJaoIIue IPOrPAMMHbBIE CHCTEMbI € JMHIBUCTHIECKOI cocrapisionei |6-8|.
TaKI/Ie IIporpaMMHibI€ CUCTEMbl OITUMAJIbHO IIOAXO/JAT, C TOYKU 3PEHUA aBTOPaA (HO,Z[—
KPEIJIBHHON MCC/Ie[OBAHUSIMU YYEHbIX B 00JIACTH II€JArOrMHKH 1 icuxoJtoruu |9]), st
y4ebHOro Iporecca.

O sBJIEHUE KOMIBIOTEPHBIX UI'P B IEJIOM MOYKHO y3HATH M3 UCCJIEI0BAHUIT B 00-
JIACTU KyJbTYPOJIOTHH, MpeICTaBIeHHbX B pabore [14]|. Bompoc Biusiaust urp Ha
IICUXOJIOTHIO UTPAIONIUX U OOYUAIONIUXCS € MOMOIIBIO HUX C Pa3HbIX CTOPOH pac-
cvorpen B |9]. Uro ke kKacaercsi BHyTpeHHEl (He TOJIBKO TEXHHYECKOM) COCTaBJIsi-
IOIIENl KOMIIBIOTEPHBIX UI'P, TO JOBOJILHO 1OJHO MH(OpPMaIus 10 JIJAHHOMY BOIIPOCY
upejcrasiena s |18].

O HeO6XO,ZLI/IMOCTI/I U IIPaKTUYIHOCTHU KOHKPETUu3alluu COBpEMEHHbIX METO/I0B pa3-
pabOTKN KOMIIBIOTEPHBIX ITPUJIOKEHUN JIJIsi OT/IEJAbHBIX HPEJIMETHBIX obJiacteil 1o-
BOPUTCS BO MHOXKECTBE padOT, 9acTh U3 KOTOPBIX OYIAET YIIOMAHYTa U KOPOTKO pac-
CMOTpEHA B TEKCT€ CTATDLH.

Kpowme Toro, TakzKe paccMaTpUBAIOTCS B STUYECKHE BOIPOCHI, KACAIOIIUECH IPO-
deccuoHaJbHONR pPa3spabOTKH IPUIOKEHNH /I CIIeIUAIbHON IpeJIMeTHOR 00JIacTH.
ABTOp ynomsiner u 00 UCTOPUYECKUX MOMEHTAX, a TAKKe OCHOBAX, JIEZKAIIUX B 3a-
TPOHYTHIX TeMax. He yiryien u3 Bujly u Takoit aciekTt npodeccuoHabHOi pa3pabor-
KH, KaK desioBedeckuit baxktop |13], cBs3aHHbIH ¢ HCHXOJIOTHYECKUME 0COOEHHOCTSI-
MH pa3pabOTINKOB, HX IPOdECCHOHAIBHLIME KavdecTBaMi U HAOOpOM HEO0OXOIMMBIX
M 3Hanuii [17]. lanHble BOIPOCHI PACCMATPHBAIOTCS B OOMIMX YepTaX, OHU OCHO-
BBIBAIOTCS HA CYNIECTBYIOIIMX CErOJHs 3HAHUSX, TeM He MeHee JJisd TeX, KTO XO4eT
y3HaThb 00 9TOM HOJIPOOHEH, IIPUBOIATCS JIMTEPATYPHbIE UCTOUYHUKH.

1. IIpodeccmonanpHas pa3padoTKa
MIPOrpaMMHOro obecredyeHus
B mame BpemMs oT cuenuaJimcTOB B 00JIACTH IIPOrPAMMHON HHXKEHEPHU, HEIOCpe -

CTBEHHO OT HPO(ECCHOHAJIbHBIX Pa3pabOTINKOB TPEeOYIOTCS OLpe/Ie/JIEHHbIE 3HAHUS
O HPOU3BOJICTBE IPOIPAMMHBIX CUCTEM «B OIIPEJICJIEHHON TeMaTHIecKOi 00/1acTu uxX
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npumenenus» [13|. B [15] rosopurcst, uro st 3ddekTHBHOrO BHEJAPEHUS WHHOBA-
Uil HHZKEHEePUH IPOrPaMMHOI0 obecredeHns: HeoOXOMMO BBIPA3UTh UX B TEPMUHAX,
«IOHATHBIX JIJI KazKJIOH KOHKPETHOMH MOJI0TPAC/Iny. JTO HOJpa3yMeBaeT HeoOX0/1H-
MOCTb KOHKPeTH3alluu 3HaHUi B 00/1acTh pa3pabOTKu PUJIOZKEHUN JIJI KOHKPETHO
upukJaaanoit obsactu |34]. Corsacuo |17], or cerognsinaux pa3paboTInkoB Tpedyer-
cg OOJIBbIIE, YeM IIPOCTO HaIlMCAaHue IIporpaMMHOro Koja. HeobxoauMo umers mpe/i-
craBJieHus 000 BCEM KU3HEHHOM IHKJIe IPOrpaMMHOro obecrevenus [4,11] u B coor-
BETCTBHH CO CBOEIl CIeruaIn3alueil yMeThb 110/ Ib30BaThCs CIeIUaJTbHBIMI 3SHAHUIMH.
Yro camoe 1yiaBHOE, TaM TaKzKe YIIOMHHAETCS O TOM, 4TO «3(M@EKTUBHOE HCIIO/Ib-
3oBaHue crenuuIecKux JJjis HPeIMETHOH 00/1acTu MEeTOI0B, CPEJCTB U KOMIIOHEHT
B OOJIBIIIMHCTBE CJIYYaeB 00ECIeYrBAET YCIEITHOCTh Pa3pabOTOK € MCII0JIb30BaHUEM
HpPOrpaMMHO# MHZKeHepuu». TakuM o0pa3oM, aHAJIUTHKHU, apXHUTEKTOPbI, IIPOEKTHU-
POBIUKU U pa3pabOTIUKKU IMOMUMO 3HAHUN U3 MHZKEHEPUH MPOI'PAMMHOIO obecIie-
YeHUs JIOJIZKHBI 00J1aJaTh XOTd Obl MUHMMAJIbHON uHMOpPManueit u3 cruenuajibHOl
npeamerHoit obstactu [13]. Murumym nadopmanuu B JAHHOM CJIydae J0JIZKEH Olpe-
JIEJISITHCSl YPOBHEM «KPUTUYHOCTH» IIPOEKTA HPOrPAMMHOIO ODECIIeYeHusl, T. €. TeM,
KaKoe BO3/IeiiCTBUE peam3alidsd JaHHOTO IIPOEKTa MOXKET OKa3aThb Ha CBOE OKPYZKe-
Hue (B IepBYIO OYepe/ib UCIOTHATEIH MPOEKTa U MOJb30BaTe e, a BIOCIeCTBIN
¥ Ha ODINECTBO B IEJOM UJIM ero dactu). VIMeHHO 3/ech penraoniee 3Ha4eHue ume-
er JesjoBedeckuii (pakTop. 3HaUNTE/NBHBI 00bEM MHMOPMAIUMU 110 STOMY BOIIPOCY
MOKHO Haiitu B pabore [13].

Bcé 3To roBoput B 10J1b3y 1M0AX0/1a K MpodecCHOHATBLHON pa3dpabomxe 6 onpe-
deaénnoti npedmemmoti obaacmu. 3jieCh NPUMEHSIETCA MOJIEJTMPOBAHHE IIPe]I-
MeTHOI obsiacTi |1, HOSBIISIIOTCS ClenuaibHble TEDMUHbBL B 00PA3YIOTCs HEKOTOPbIe
3aKOHOMEPHOCTH, KOTOPbIE HEOOXOIUMO yIUTHIBATD, a B OIPE/ICIEHHBIX CJIy4dasiX TPe-
OyeTcs IMOBBINIEHHAS BHUMATEILHOCTH U CIOCOOHOCTH JITUTEILHON KOHIIEHTPAIMT
pauManus [13]. B srux ciaydagx gaxe onpaBIaHa HOBBIIIEHHAS IPEyCMOTPHTEb-
HOCTb U CKPYIYJIE3HOCTb UCIOJTHUTE/ICH, OTBETCTBEHHBIX 3a KPUTHYECKHE ACIIEKTHI
POEKTA.

Ha ocnoBanun [13| npodeccuonanbhast pa3paboTka BKIOYAeT B ¢ebsi aCleKThl
KAYEeCmsea, YnpasieHus 1 IKOHOMUKU. Borpockl KayecTBa U yIpaB/JIeHUST HMe-
0T CYIIIECTBEHHOE 3HAYEHHE /s MPOEKTa, a BOIPOCY IKOHOMHUKHU, OCOOEHHO B CJIy-
qae OOJIBIIKMX MIPOEKTOB, YJIEJseTcs 0cob0oe BHUMAHUE, B YaCTHOCTH, COrIacHo |12],
dopmupyercs HOBasi HaydIHAS JUCHUIINHA — «IKOHOMHUKA YKUZHEHHOI'O IUKJIA IIPO-
I'PAMMHBIX CPeJCTBy. B paMkax aciekra KadecTBa J0JIZKHbI PACCMATPUBATHCS TAKHe
BOIIPOCHI, UMEIOIIe OTHOIIeHNe K HeYHKIMOHAIbHBIM TPeOOBAHUSIM IIPOTPAMMHO-
ro obecrnedyeHus, Kak yJA00CTBO, HaJAEKHOCTb, MPOU3BOIUTE/TIHLHOCTD U IOJJIEPIKHU-
BaeMocTh (composoxkgaemocts) [19]. Kax Buuno, HedyHKuoHa bHbIE TPEOOBAHUS
JIOJIZKHBI PACIIPOCTPAHITHCS HE TOJIBKO HA KOHEYHBIH MPOJYKT, HO U Ha IIPOIECC ero
POU3BOJICTBA.

2. NMaCTpyMeHTHI pa3padoTdnKa MpPOrpaMMHBIX MPOAYKTOB

B nabope cerojiusiinnero paspadOTYuKa MOYKHO BCTPETUTH TaKUe HHCTPYMEHTbI,
Kak Mojen |1, 23, 34|, mabsonst |2, 16|, npeaMerHO-OpUEHTHPOBAHHbIE SI3bIKH
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[19, 21, 22, 32|, kommonenTor [26, 28,29, 33, 35|, pekomenmanuu u ckpuntsl |19, 25|,
JIJIS aBTOMATHU3AIMU ONpPEIeTEHHBIX YacTeil mporecca pa3pabOTKU MPOrpaMMHOIO
obecrievueHus.

Bce aTn mHCTPYMEHTBHI CTaJId ILJIOJIOM PAa3BUTHS JUCIUILIHHBI Pa3pabOTKU KOM-
IbIOTEPHBIX NMpuaozKeHnil. C pa3BUTHEM MOSB/IAIMCH HOBbIE METO/bI, HOBbIE HHCTPY-
MEHTBbI, KaKHue-TO OT6paCbIBa.HI/ICb, A KaKHUe-TO YKOPEHAJIMCb U COBEPHICHCTBOBAJIUCD.
HeJib3s ckazarb, 4T0 J10 H0siBJIeHUS O0'beKTHO-OPUEHTUPOBAHHOMN 11apaUrMbl He Obl-
JIO IIpeAaCTaB/JIEHHbIX BblIIE MWHCTPYMEHTOB, HO MaCCOBO O HUX 3al'OBOPpUJIM UMEHHO
¢ TOii mopbl, HaunHasd ¢ KoHMa 1980-x rr. K sroMmy BpeMenu yzKe ObLIa Olpe/ie/IEHHas
TeopeTudeckas Oa3a, a pa3BUTHE TEXHOJIOIUil IMO3BOJIMIO OIPOOOBATH TO BCE HA
IIPpaKTHUKE, BHECTH KOPPEKTUBbI U CAE/JIaTh HOBbIE IIPEAJIOZKEHU .

Opnmoit u3 dyHmaMenTaibHbix pabor cuutaercst [26|, npeacraBiennas Masb-
kosabMoM Jlyriacom Makuiapoem (Malcolm Douglas Mcllroy) B konne 1960-x rr. Ha
KOH(pepeHInK, BlIepBble HOCBAIIEHHON WHKEHEPUH MPOrpaMMHOI0 obecriedeHusi. B
91Ol pabore Jie/1aloTCsd MPEJIIIOJI0KEeHU O TOM, KaK U B Kakoil popme Moryiu Obl
OBITDH IOJIE3HBI MOBMOPHO UCTLOABIYEMDBLE AKNUBHL PA3PAOOMKU ITPOTPAMMHO-
ro obecunedenusi. B To BpeMs 1moj aKTHBaMHU IIOHUMAJIHUCH OHOJIHOTEKH C HAOOPOM
HEe0OXOMMOTO (PYHKIMOHAIA. KOHKPETHO Ipe/jlarajJuch MEeTO/bl KaTaJOTU3AIIMI
Oub/IMOTEK KOMIIOHEHTOB, CEIOHSIIIHUN »Ke IO/XO0J IPEeJIo/iaraerT B3aMeH MeToJ
reHepaluy Ui ABTOMATHYECKOrO II0/[roHa 13 obiero npecrasienus |21]. Hemasoe
pasBuTHe B 3TOM Hampasienunu npousséna Ispus [lapuac (David Parnas), ssiso-
IUICS OCHOBOIIOJIOXKHUKOM MHOZKeCTBa (DYHIAMEHTAJIbHBIX HPUHIMIIOB Pa3padboT-
KU IIPOrpaMMHOr0 obecriedenus. Ero riraBabie padOTBHI OBLIM IOCBSIIEHBI ITPOIECCY
IIPOEKTUPOBaHUA KOMIIOHEHTOB B paMKaX ceMelicTBa POACTBEHHbIX IIPOI'PaMMHbBIX
CUCTEM.

Yro kacaercss mojesieir, To 0OJIbIIIOE yBJIEYEHHEe MUMHU HAYaJIOCh C paboOT 1O CO-
3JQHUIO0 YHUBEPCAJIBHOI'O S3bIKA MOJICJIUPOBAHUS, C HOMOIIHIO KOTOPOIO, UCIIO/Ib3Ys
€JIMHYI0 cucTeMy ODO3HAUEHUI /Il BIPAKEeHUsl CBOUX HaMepeHuil, MOIJiu Obl B3au-
MOJIefiCTBOBATH U IMIPO(ECCHOHATBHO O0IATHCA Pa3pabOTINKU IPOTPAMMHBIX CHCTEM
Pa3HBIX CIIEIUAJIH3AIUNA, OT aHAJUTHKA JI0 IPOIPAMMUCTA, PEAJTU3YIOIIEro OTAeIb-
HBIIl MO/LyJIb CHCTEMbI. DTO BBLIMJIOCH B co3anue si3bika, UML, u 31ech He 060iiTHCH
6e3 ynomunaunust ['paau Byua (Grady Booch), Txkeiimca Pamb6o (James Rumbaugh)
u AiiBapa /Izxkekobcona (Ivar Jacobson), o0beuHUBIIMX U PA3BUBIINX BCEBO3MOZK-
HbIE, B TOM YHCJIe U COOCTBEHHOPYYHO pa3pabOoTaHHbIe, IOIXO0AbI K MOJECTHPOBAHIIO
IpeIMEeTHOI 06J1acTH MPOrpaMMHOro obecredenust [1].

DyHmaMeHTaTbHBIH TP/ [0 mabionam — pabora [16], mosBuBIIasgCS B cepeiuHe
1990-x rr. B pamkax 3TOro mpoekTa o KaTaJIOIH3alliy I1ab/I0HOB MIPOCKTUPOBAHUSI
npuaumaiu yaactue dpux Famma (Erich Gamma), Puaapn Xeam (Richard Helm),
Painbd Txxoncon (Ralph Johnson), xxon Bumcenmec (John Vlissides). Oxnako
BaoxuoBuTeseM uien sipisiercss Kpucrodbep Asekcanep (Christopher Alexander),
HEe UMEIONUil IPAMOro OTHOIIEHHS K KOMIIBIOTEPHBIM HayKaM, OJIUH U3 MEePBBIX, KTO
3arOBOPUJI O 3bIKe ITa0/JIOHOB, IIPaB/a, IPUMEHUTEIbHO K apXUTEKTYPHBIM COOPY-
KeHugM. [1o HEKOTOpPBIM CBejieHusIM, HampuMep [21], ol He GbLI yI0BIETBOPEH CBOEii
Teopueit, 0DOCHOBBIBAsL ITO TEM, YTO APXUTEKTYPHbIE COOPYKEHUs, OCTPOEHHbIE
C UCIIOJIb30BAHUEM I1a0/IOHOB, MOJIYyYaIOTCs CJMUIIKOM OJHOOOPA3HBIMU, UTO, K CUa-
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CTBIO, He ABJIAeTCS IPO0JIeMOil I BHYTPEHHEIr0 CTPOEHHS IIPOEKTa, IPOrPaMMHOTO
obecriedyeHus, a, HA00OPOT, UJIET eMy Ha IOJIb3Y.

[IpeMeTHO-OpUEeHTUPOBAHHBIE S3BIKU HE SBJSIOTCSI Y€M-TO OYeHb HOBBIM, OHH
OBLITH paHbIlle M MIHPOKO HCIOJIb3YIOTCA ceroaus 32|, korma miardopMeHHbIe TeX-
HOJIOTUU Pa3BUTHI HACTOJIBKO, UTO JIAIOT BO3MOXKHOCTBH CO3/JaBaTbhb A3BIKH YzKe Ha
UMEIOLIEHCsl TeXHOJIOInYeCKOoil 6a3e. Do 1mo3BoJster 000HTUCH 03 CO3aHus] KOMIIU-
JIATOpa U He Tpedyer 0T pa3spabOTIMKOB JIeTaIbHBbIX 3HAHHIT IPOIECCa UX CO3IaHUS.
Vmerorest TPy ibl, 13 KOTOPBIX MOZKHO Y3HATH 00 9TOM siBJieHuu (B yacTHoCcTH, [19,22])
¥ JiazKe OIYTUTH €ro Ha mpakTuke (Hampumep, baarogaps [22,32]). B pa6ore [32] Bcé
BHUMAaHUE y/IeJseTCs pa3paboTKe TEKCTOBBIX 3BIKOB, a B pabore [22] — rpadude-
CKUX, IVIE OIIUCAHME CYIIHOCTENH POUCXOJUT € MOMOIILIO I'PAPUUIECKUX TMKTOI'PAMM
U JIMHUI ¢ HaHeceHueM 1oscHsomeil nundopmanyuu. [lepsbie xopoiiu Jijis pereHus
KPYIHBIX [Ipo0seM. BTopble mOAX0AgT /i pellleHus CpeHux 1 HeOOIbIINX 0 Mac-
mTady 3a/1a4, HO TPEeOYIOIUX OT pa3padOTInKa ONpeIeTéHHOIl BHUMATEIbHOCTH.

B paMKax KOHKpeTHO# mapajurMbl pa3pabOTKH MOI'YT UCIOIb30BATHCI PA3/IHY-
Hble MOJeAal, CTaTUYeCKHe W JIMHAMUYECKUE, OIUCBHIBAIONIUE CTPYKTYPY CHCTEMBI
WU OT/IeJIbHOII €€ YacTH M B3aUMOJIEeiiCTBHE 3/IEMEHTOB BHYTPH HEE UJIU C BHEIITHUM
MupoM. /st 3¢pdekTuBHOIO HOBTOPHOI'O UCHIOJIb30BaHUs OCHOBHOU 11PpO6GJIEMOI, 11pe-
LS TCTBYIONIEN IIOBTOPHOMY MCIIOJIb30BAHUIO MOJIEJIH, SABJISIOTCS €€ rpanuiibl. ['panu-
bl MEIIAIOT UCII0JIH30BATh €€ B APYTOM KOHTEKCTe Oe3 J00aB/ieHns K Heil onpe/ie/1éH-
HbIX U3MeHeHuil [34|. Dra npobaeMa YaCTUYHO perraeTcs ¢ HpuMeHeHHeM IabI0HOB
IPOEKTUPOBAHUSI.

Lens wabaonoe — coxpaHuTb OOOOIIEHHBIE 3HAHMS YKCIIEPTOB C Te€M, YTOOLI
BIIOCJIEJICTBUU MX MOXKHO OBLJIO HCIIOJIb30BAaTh B OIpPEICJTEHHOM KOHTeKcTe. B oc-
HOBHOM 3HaHHsi 0DODIIAIOTCS B OLPEIEJIEHHON 20pU30HMAAbHOU NpedmMemHol
obaacmu (BbIIEJICHHON HA OCHOBE KJIACCOB YaCTell CHCTeM, MCXOis U3 (DYHKIHO-
HAJIbHBIX BO3MOZXKHOCTEl) ¢ TeM, YTOOBI UX MOYKHO OBLIO HCHOJIB30BATH B KOHTEKCTE
sepmuKasbHot npedmemuoli obaacmu (BbIIEIEHHON HAa OCHOBE KJIACCOB CH-
cTeM COLJIACHO obJacTd npuMeHeHus ). UtoObl 3bGEKTUBHO NPUMEHSTH MABI0HbI,
B YaCTHOCTU IIPOEKTUPOBAHMUdA, HYXKHO, BO-IEPBBIX, AMeThb O HUX IIpeJiCTaBJIeHne,
a BO-BTOPbIX, 2KeJIaTE€/IbHO UMETDb OIIbIT UX IIPUMEHCHU A, KOTOPOI'O MOZKET U HE 6bITb
uan OH yrparmics co Bpemenem. OHO u3 pemieHuil npod/eMbl — BCTPOUTH ITH
3HAHUS B KapKac.

Kapxac obyierdaer pa3padOTKy CHCTEMBI B IIeJIOM WJIM OT/IE/IbHOM eé JacTu, OJ1a-
rojiapsd yzKe UMeroleiicss B HaJIUIuu o0IIell CTPpYKTYpbl Oy ayiieil mporpaMMHOil €/11-
Hunpl. OT paszpaboTdmKka TpedyeTcs JIUIIb IPOU3BECTH JIeTaJ u3aIuio Kapkaca. Bos3-
MO2>KHaA HpO6ﬂeMa COCTOUT B TOM, 4YTO IIpezK/ie 4eM UCIIOJIb30BaThb KapKaC, HYzKHO
3HATh, KaK IIPOU3BOAUTH €r0 HACTPOMKY: eC/Iu KapKac OOJIbIIONW, CHTyalus YCA07K-
usercd. s obsierdenusi paborbl ¢ KapKacOM MOXKHO HUCIOJIb30BATh CHENUAJIBHO
CO3JIaHHBIE JIIsI Hero IpeMeTHO-OPHEHTUPOBAHHbBIE S3bIKH.

['naBHOE MpEHMyIIeCTBO NpPedmemHo-oPpUEHMUPOSAHHBLT A3bIKO8 — 00JIer-
YeHue IIpolecca JeTaJu3alid KapKaca U BO3MOXKHOCTb C UX CTOPOHBI, OJarogaps
BCTPOEHHBIM IIPOTPAMMHBIM PEKOMEHIAIMAM U CKPUITAM, 00beIUHATH KOMIIOHEHTI
UJIM COCTABJISIONINE B pAMKaX KOMIIOHEHTa, 0e3 PyTHHHOMH PabOThI CO CTOPOHBI pa3pa-
borunka. OHU S3bIKA MOTYT HIPUMEHSITHCSI JIJIsI PEIeHUs] MEJIKUX HPO0JIeM B paMKax
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OT/IeJIHOI'O KOMIIOHEHTa, JApyTHe — JJis PellleHns KPYIHBIX MpobjeM B paMKax Ie-
JI0it cucTembl. BuaHO, 9TO MepedncieHHble HHCTPYMEHTBI B3aNMOCBSI3aHbI, U, ITOOBI
n30aBUTH Pa3pabOTINKOB OT IMyTAHUIBI B UX HCIIOJb30BAHUH H HEYIOOCTB, CBI3aH-
HBIX C COBMECTHMOCTBIO, IeJIeCO00pa3sHO O0beAMHUTh UX B PAMKAX €JMHOIO HaKeTa.
[Topobuee sToT BOopoC Oy/IeT PacKphIT B pas/ielie, HOCBdAIEHHOM (dadpuke pa3pa-
OOTKHU IIPOrPAMM.

Crout ckazarh emgé HeCKOJBbKO CJIOB O IOAX0/aX, KOTOPbIe OKa3aIl HermOCpe/I-
CTBEHHOE BJIMSIHHE HA HOsIBJICHHE STHX MHCTpyMeHTOB. B [19,21, 22| upencrasienst
cJIeIyIoNue MO/IX0/Ibl, UMeOIue OTHOIIEeHnEe K pa3paboTKe IIPOrpaMMHOIO odecrie-
YeHUsl, YIUThIBAsE OCOOEHHOCTHU OIIPejIe/IEHHON 1pe/iMeTHO o0J1acTu.

Paspabomra ¢ ucnoavdosanuem modeaeti (Model-Driven Development).
B ocnoBe mojixojia JieKUT ujesd, 9TO U3 MOJEIN MOYXKHO CTeHEPUPOBATH MPHUTOTHBII
Ut npuMenennst Ko, OIHO W3 HepPCHeKTHBHBIX HAlPaBJCHUN IMOAX0/1d — GPITU-
mexmypa, ynpasasemas modeavto (Model-Driven Architecture) [27|, ¢ koro-
PBIM CBSI3aHBI TaKUE HMOHATHUS, KAK «MAIIUHHO-HE3aBUCUMAas» U «ILTAT(OPMO-He3a-
BHCHMasi MOJIeNIby. S3vik00puenmuposanroe npozpammuposarue (Language-
Oriented Programming). IIpeamosaraer co3nanue CIEMUATLHOTO A3bIKA JJIsI Pelle-
HUsl OIIPE/IE/IEHHBIX 3a/1a4 porpamMupoBanusi. IIpedmemmo-opuenmuposarHoe
modeauposarue (Domain-Specific Modeling). O6beaunsier psi HanpabJieHuii,
CBA3aHHBIX HJIeeil CO3/IaHusd PEIMETHO-OPUEHTHPOBAHHBIX A3BIKOB JIJII PEIICHU 3a-
Jlad OIpeJIeIeHHOI peveTHOl obiactu. Podosoe npoepammuposanue (Generic
Programming). Hanpasieno na pemierue npobeMbl CTPYKTYPUPOBAHIS KOMIIOHEH-
TOB peaJin3aliui, U3 KOTOPbIX CTPOATCA KOHEYHbIE IIPOI'PAaMMHbIC CUCTEMBI. CBﬂ3aHO
¢ HOMCKOM HauboJiee abCTpaKTHBIX HpeJicTaB/iennil 3(pOeKTUBHbIX peleHuit Jijist Oli-
TUMAJIbHOI'O MOBTOPHOIO HMCIOJIb30BaHUsl KOMIIOHEHTOB. MenmaavHoe npozpam-
muposarue (Intentional Programming). [taBHas ujest, sBJISIOIIASICS TPAMILIH-
HOM /T JIBYX JlaJjiee IepedrcJIeHHbIX [0J/IX0/I0B, TAKOBA — HEOOXOJUMa, pacCIIupsie-
Masd Cpe/la HPpOrpaMMUPOBaHUA U METallpOI'PaMMUPOBAHULA. HpegnonaraeT aBTOMa-
TU3UPOBAHHOE pejakTupoBanue u pedaxropunr koga. [IpeaycmarpuBaer pemienue
npo0JieM CIHYTBIBAHUS KO/A, BKJIOYasi TEeM CaAMbIM HIEH ACNEeKMHO-0PUEHTIUPO-
sannoz20 npozpammuposanus (Aspect-Oriented Programming). IIopootcdaro-
wee npozpammuposanue (Generative Programming). ITog uieeii aBromarmde-
CKOii (B m/Ieasie) reHepaIuu IPUIOKeHul 0ObeIMHIET TaKIe TeMbl, KAaK HHKeHepust
HpeJIMETHOM 00/1aCTH, MOJIE/IMPOBAHUE XaPAKTEPUCTUK U PA3JIMYHbIE TEXHUKHU I'€He-
panuu nporpamm. Pabpuru pazpabomru npoepamm (Software Factories). ITos-
XOJI BKJIIOYaeT B OOIEM BHUJIE UJICI0, IPEeJCTAaBICHHYIO B JIAHHOI CcTaTbe, a UMEHHO:
00beIMHEHIEe CTATHIECKOTO COJEPZKIUMOrO (IabJIOHOB, MOJIEJIeH, TpeMeTHO-OPUeH-
THPOBAHHBIX SI3BIKOB, KOMIIOHEHTOB U WHCTPYKIHI) ¢ JUHAMHYIECKAM COJEePZKIMbIM
(HO/IATOIUMHECS HACTPOTIKE MPONEccaMu, MACTEePAMK, TeCTaMK) B PAMKaxX IlakeTa,
PACIIUPAIONIEr0 UHTEIPUPOBAHHYIO cpey pa3paborku. Hecmorpst Ha 10, 9r0 1Ba
OCJIeTHUX ITO/IX0/1a IIPeJIIaraloT TeHepalldio MPUJIOKEHU i ero Jacteil u3 Mojie-
Jieil, OHHM, TeM He MeHee, IIPelyCMaTpPUBAIOT pabOTy CO CTOPOHBI pa3paboTdrnKa, CBs-
3aHHYIO C JI0DAaBJIEHHEM IIPOrPaMMHOIO Koja. 910 — ocHoBHOe oTyindue or CASE-
MeTrHOoN02UT U APTUMEKMYPBL, YNPABAAEMOU MOOJEADBIO, KOTOPBIE HpPe/Iara-
0T TeHEePAUIO HPEJIOKEHNST «HAZKATUEM OJJHOW KHOIIKHY.
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3. HNHxXeHepuda npeaMeTHOI obJiacTu

CymecTByeT MHOXKECTBO paboT, M3JIaraioniuxX HJed WHXKEeHEePUH IpeJIMeTHO o0bJ1a-
cTh. 371eCh MOXKHO BBIJIEJIUTD JBa Kjacca HampasiaeHuii. [lepBblit Kjaacc cocraBiis-
10T pabOThI, OMKUCHIBAIOIIIE UIEH IS CO3TAHIS METOI0B pa3pabOTKU IPUIOKEHMIA,
BTOPO# KJIACC COCTABJIAIOT PAOOTHI, IIPE/JIArafOIe HEIMOCPEICTBEHHO METO/Ibl Pa3-
paboTKM, HA OCHOBE Uil IEePBOTO K/IACCa U UX MPAKTUYECKOe puMenenune. B kade-
CTBE MpHMepa MePBOI0 KJIACca MOXKHO IpuBecTH |34], B KadecTBe npuMepa BTOpPOro
kiaacca — [10]. B paGore [34] nmpencraBiena Tak Ha3biBaeMasi TEOPUs IPEIMETHON
obractn (Domain theory) ans paspaGorTku mporpaMMHOTO oOecledeHus, a B pa-
60Te [10] — lIpuMeHeHue HpI/IéMOB Pa3JIMYHbIX IIapa /UM pa3pa6OTKI/I, B TOM 4ucJIe
CBA3aHHBIX C TeOpI/IefI HpeﬂMeTHOﬁ O6ﬂaCTI/I, Ha IIPpaKTUKeE. I/ICHOﬂb3yeTCH A3bIK IIPO-
rpammupoBanus C+-+.

B pabore [21] npoBejién 0630p pas3imdHbIX METOJOB AHAJIM3A 1 UHZKEHEPUH [1De/I-
MeTHOiT obsactu. Hambospiree BHHMaHHe B Heil yaesasercs MeTOAy Taparmepu-
CMUKO-0PUEHMUPOBAHHO020 aHaAu3a npedmemmnoti obaacmu (Feature-Orien-
ted Domain Analysis) u memody modeauposanus npedmemnoti obaacmu op-
eanudayuu (Organization Domain Modeling).

HMnotcenepus npedmemnoti obaacmu (Domain Engineering) nmeer mpsivoe
OTHOIIIEHNE K BOIPOCY MOBTOPHOTO HCHOJIb30Banus. COIIACHO OIPE/Ie/IeHUIO, B3si-
Tomy u3 |21|, ona umeer Je0 co c6OpoM, CHCTeMATU3AIKMEl U COXPAHEHUEM HAKOII-
JIEHHOT'O OITBITA CO3aHMSA IIPOrPAMMHBIX CHCTEM B «(opMe Cpe/iCTB MHOIOKPATHOTO
IpUMEeHEeHHs B PAMKaX OIPeIeIEHHOI IpeIMeTHOiT obracTtuy. Kpome Toro, ona obec-
[HeINBACT METO/bI, CIIOCOOCTBYIOIINE MOBTOPHOMY HCIIOJB30BAHUIO STUX CPEICTB,
B [IPOIIECCe Pa3pabOTKK HOBBIX IIPUJIOKEHU, 00/Ier9aeT ux MOUCK, KJIacCupuKaIuio,
pacrpocrpaHeHue, aJanTanuio 1 COOPKY.

[naBHoe orjimdume OT TPAJUIUMOHHBIX METOJ0B Pa3pabOTKU COCTOUT B CJIE/LY-
foieM. Bo-nepBbix, Ha CTaJMu aHaJU3a, BMECTO olpejesenus TpeboBaHUl K OT-
JIeJIbHOII cucTeMe, IPOBOIMTCA OIpejiesieHre TpeOoBaHuil K ceMeiicTBy cucreMm. Bo-
BTOPBIX, HA CTA MU IIPOEKTHPOBAHUS BMECTO Pa3pabOTKH IPOEKTa OT/Ie/IbHON CHCTe-
MBI IPOBOIUTCS Pa3pabOTKa IPOEKTa CeMeiCTBa CUCTEM, HY & Ha dTAIe Pean3allii,
IIOMHUMO DpeaJiu3aluun caMOM CucCTreMbl, IPOU3BOJATCA MHOI'OKPATHO HCIIOJIb3yeMbIe
KOMIIOHEHTbI, KOTOPbIE MOXKHO OY/IeT UCIO0J/Ib30BATh B Oy/LylIEM.

Tema 1HOBTOPHOI'O MCIIOJIB30BAHUS IPUMEHUTE/ILHO K pa3pabOTKe IIPOrpaMMHBIX
IIPOJLYKTOB BeChbMa II0JIHO npejcraiena B pabore |33]. [Ipumedaresnbno, 4ro B pa-
6oTe, HApSLY C OPraHU3aMMOHHBIMEU ACIHEKTAMH BHEJIPEHHs, [pPEeICTaBIeHB Mem-
PUKU NOBMOPHO20 UCTNOAB308AHUS. K HIM OTHOCATCA aTpUOYTHBIE, CTPYKTYP-
Hble, (DYHKIINOHAIbHBIE METPUKH, METPHKH, XapaKTepHbIE /IS BCErO IPUIOKEHH
B 11€/JIOM, METPUKM UHKEHEPUH 1IPEJIMETHOI 00/1aCcTh U METPUKHU OPraHU3aluOHHOI'O
yposus. [IpakTuka BBejeHUs] CHCTEMATHIECKOTO HOBTOPHOIO UCHOJIB30BAHUSI TJIAB-
HBIM 00pa30M IpeJIoaraer co3ganne IpodJeMHO U IIPeJIMEeTHO OPHEeHTHPOBAHHBIX
abCTpaknuii, a TaK:Ke KapKacoB, B paMKaX KOTOPBIX 3TH ITOBTOPHO-UCIIO/Ib3yeMble
abCTpaKIUl MOTYT OBITH pa3paboTanbl MyTéM Jerasu3anuu. CoBpeMeHHas TeH/IeH-
[y« 1pealoJiaraeT HaJaudue npegMeTHO-OPUEeHTUPOBAHHOI'O A3bIKa JAJId JeTa/Jn3alun
KapKaca, TeM CaMbIM DPeNIaeTcss MHOYKECTBO MPODJIEM, CBSI3aHHBIX C Y€JI0BEYECKUM
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dakTOpOM, TAKUX KaK yPOBEeHb 3HAHUI U 00BEM € IMHOBPEMEHHOT'O BOCIIPUATHS UH-
dopmanun B mporecce pa3paboTKu KOMIOHEHTA.

Cucmemamuyueckoe no8mopHoe UCNOAb308GHUE YKA3bIBAET HA HEOOXO/IU-
MOCTBb pa3paboTKU He OTAeTbHOTO IPUIOKEHHS, a CeMeilCTBa MPOTPAMMHBIX CHCTEM.
A 3T0 B CBOIO OYepesb pelraeTcss BBEJACHUEM B IMPOU3BOJCTBEHHBIN IIPOIECC TAKOM
TEeXHOJIOTHH, KaK JIMHEWKH TPOrpaMMHBIX HpOAyKToB. C pa3paboTkoil cemeiicTBa
CBSI3aHBI TAKME BOILPOCHI, KAK ODIHOCTh W U3MEHYUBOCTH XAaPAKTEPUCTUK UJICHOB
cemeiicrBa. CyIecTBYIOT Pa3/JndHbIe TOJIXO0/IbI JIJI BbISIBJIEHUS] STUX OCOOEHHOCTEIH.

XapaKTepHOil 0COOEHHOCTBIO cemelicmea nNpo2pamMmMHbBLT CUCMmeMm SIBIIeTCs
HaJimare ODODMIEHHON apPXUTEKTYPbI, OMUCHIBAIONIEH BCE MHOYKECTBO U/JIEHOB KOH-
KPETHOTO CeMeiCcTBa, yKa3biBas HPU ITOM TaK HA3BIBAEMbIE TOUYKU U3MEHUYMBOCTH,
T. €. Te MecTa, B KOTOPBIX UMEIOT MeCTO PA3JIHIHs MeXK/1y YJIeHaMU CeMeiCTBa.

JIunetiku npozpammHb NnPpodyKmos peasu3yior ceMeiiCTBO NPOrPAMMHbBIX
CUCTEM, [PUMEHsIsI UMEIOIINecs: TPOU3BOJICTBEHHBIE aKTHBbI B PAMKaX OpraHU3aIi-
OHHOTO mportiecca. K TpPOU3BOJICTBEHHBIM AKTUBAM OTHOCATCH ApPXUTEKTYpPHBIE 00-
pasIbl, MabJI0HbI TPOEKTUPOBAHNS, S3bIKH, KaPKAChl, KOMIOHEHTHI  T. 1. Opranu-
3aIlMOHHBIN MPOIECC HAKIAIbIBAeT OIpPeIeEHHbIe OTPAHNYEHNS HAa MPOJAYKT U ero
npou3BoACTBO. K orpaHmYeHusM HA HPOJAYKT OTHOCATCS Pa3/indHbie TPeOOBAHUS
K craHgapraM, wHTepdeiicaM, MakeTHPOBAHUIO, JIOKAJIU3AIMME, JIMIEH3UPOBAHUIO.
K orpanuuenusiM Ha HpPOU3BOJICTBO OTHOCHATCH TpeDOBaHUS K BbIOOPY TEXHOJIOIHIT,
m1aThopM, KpUTEPUIM MPUEMKA U OTIETHOCTH, CIO/Ia TAKyKe OTHOCATCS TPeOOBAHUS
K OI0/[7KeTy W IJIAHHPOBAHUIO.

OcnoBomnotaraornieit padboroit B ob1actu pa3paboTku ceMeicTBa, MPOrPaMMHBIX
cucrem sBigerca [30]. 3aciyxkuparoniue BHUMaHUs PAaOOThI, KACAIONIHECS JTHHEEK
IPOrPAMMHBIX MPOAYKTOB, — [24,31].

4. ®Padbpuku pa3zpaboTKu MporpamMm

QyHaMeHTaaAbHOM paboToit 1o dgabpukaM pas3paboTKu mporpamm siBjsiercs pabdbo-
ta [19] aBropckoro kosutekruBa Bo riase ¢ xxekom ['punduigom (Jack Greenfield).
[IpakTryeckoMy acmekTy (habpuUK HpOrpaMMHOIO oOeciiedeHus IOCBSINEeHa pado-
ta [25] 'yurepa Jlenna (Gunther Lenz).

Pabpura pa3pabomru npozpammHozo obecneweHus 1pejcrapiser coboit
JIMHEHKY MPOIPaMMHBIX IIPOAYKTOB, KOTOpas Oj1aromaps mabd/IoHy, OCHOBAHHOMY Ha
cxeMe, Ha3bIBaeMOi cxemoil pabpHUKu IpOrpaMMHOIO ODecIledeHns, I03BOIsIeT KOH-
durypupoBaTh HHCTPYMEHTBI M IPOIECCH I aBTOMaTu3alnuu pa3padorku. Pabd-
PHUKa IlIpedlioJjaraeT Ha/Jludue ClieliuaJJIbHbIX KOMIIOHEHTOB, CHOCO6HbIX K aJallTalluu,
cOopke u KOH(MUI'YPUPOBAHUIO HA OCHOBE KapKaca.

OcnoBuble ujien (HaOpUK MPOrpaMMHOIO obecledeHnus] — IOBBIIIEHNE YPOBHS
UH/IyCTPUAJIU3AIUN OTPACIU PA3padOTKH HPOrPAMMHOIO ODOeCIedeHusi, HOBBIIIEe-
HUE YKOHOMUIECKOT 3 (PEeKTUBHOCTH MOC/IE/IYIONINX PUIOZKEHUH 13 OIIpe 1€/ IEHHOTO
KJIACCA, YKOHOMUS 3a c46T 0bJacTu npuMeneHus (6Jarogapst yzKe PeniéHHbIM HO/I-
pobJeMaM IpeJMeTHON 00JIACTH), CHCTEMATHIECKOe TTOBTOPHOE HCIOJIb30BAHUE.

[Tocrpoenune cemeiicTBa MMPUJIOKEHUH TPOUCXO/MT B HECKOJIBKO ITAIIOB.



Maremaruieckue crpykTypbl u MojgesupoBanue. 2011. Bpr. 22. 63

[lepBuiit 3Tann — pa3pabomxa aurnetiru npodyxmos. Briodyaer B cedsa Tpu
[IO/I9TAIIA, COCTOSINNUX U3 OTAETbHBIX (has.

[lepBoiit mogdTAT — @HAAU3 AUHEUKU NPOOYKMOE. 3/1eCh PEeIIaeTcs BOIPOC
OTHOCHTEJIbHO TOr'0, KaKHe MPOJIYKThI OY/yT Npou3BoauThcda (pabpukoii. [lepBas da-
3a — onpedeaeHue AuHEUKU npodykmos. lleabp — nocTuYb MOHUMAHUS TOTO,
KaK apXUTEKTypa, yYUTbIBAIOIIAs U3MEHYMBOCTH, OyjeT c1ocobcTrBOBaTH HOCTPOE-
HHUIO MHOZKeCTBa CXO02KHX, HO B TO 2K€ BpeMs YHUKAJIbHBIX IIPOI'PaMMHbLIX IIPDOAYKTOB.
Tak:xe HEOOXOAUMO HAEHTH(MUIUPOBATL U 3a(MUKCHPOBATL HIPOOIEMbI, B PEIIeHUN
KOTOPBIX 3aUHTEPECOBAHbI I0/Ib30BATE/N, U BLISIBUTL IMPOJAYKTHI, KOTOpPbIE OyIyT
CIIOCOOHBI PemuTh 3T 1podaeMbl. HemajioBazkHoe 3HadeHrEe HMeeT OIMCAHUuEe KOH-
TEKCTa, B KOTOPOM OyJIyT HCIOJIb30BaThCA HPOAYKThl. Bropas dasza — onpedeae-
Hue 2paHuly, npedmemnoti obaacmu, tperbs (aza — onpedeaenue 2paHuY,
pewenuti. Ha Bropoii haze paccmarpuBaeTcs MHOXKECTBO MPoOJeM, Ha TpeTbeil —
MHOKECTBO PeIlleHHil, T. €. TO, KaK UMEHHO OY/JIyT pemaTbCs MpoO/eMbl, OMMHICAHHBIE
BO BTOpPOit (ase.

Bropoii nojmpran — dudatin aunetiku npodyxmos. 3ech pemaeTcs JIaBHbINT
BOIIPOC — KakK MMeHHO ¢abpuka Oyjier 1npousBojuTh npojaykrel. [lepsas daza —
padpabomxra aprumexmypuvt. [Ipon3Bogurcs MOUCK HEOOXOAUMBIX APXUTEKTYP-
HBIX ITa0JIOHOB. 37IeCh K€ PaCcCMATPUBAIOTCS BOIPOCHI O BO3MOXKHOCTH CO3/IAHUS
CIEIUAJTbHBIX MHCTPYMEHTOB, TaKUX KaK KapKac U IpPeJIMEeTHO-OPUEHTHPOBAHHBIM
SI3BIK JIJTs UCIIO/Tb30BAaHUs aDCTPAKIIUiA, IIpe/ICTaB/JIeHHBIX KapkacoM. Bropas daza —
omobpastcenue mpebosaruli. Ha s1oit dpase npousBoaurcss 0ToOparKeHne u3MeH-
9uBOCTH TPeOOBAHMIT HA U3MEHUYUBOCTD IPOU3BOICTBEHHBIX aKTHBOB, AHAJIM3UPYET-
cd 3aBHCUMOCTD MEZK/Iy U3MEHUYUBBIMU 3j1eMeHTamu. Tperbsa da3a — onpedeaerue
U A8MOMAMU3AUUS NPOUECCA.

Tperuit mojdran — peaaudayus auneturu npodyxkmos. llepBas daza —
obecnevenue axkmusamu. Ha nannoit dpase crposgrcs wim IpruoOpeTanTcs Heob-
XO/iuMble aKTUBbI. Bropas ¢asza — makemuposarue axmusos. 3/ech BCe 1po-
M3BO/ICTBEHHbIE AKTUBBI YIIAKOBBIBAIOTCH B 11a0JIOH (padpuku nporpaMMHOIO odec-
HEYECHUS.

Wrak, na srame pa3paboTKu JIMHEHKU IPOJAYKTOB MOJIy4YeH wabaorn Pabpu-
KU npozpammHozo obecneverus. byaydn ycTaHOBIEHHBIM B HHTEIPHPOBAHHYIO
cpely pa3pabOTKH, JaHHBI Mmab/ioH cTaHOBUTCH abpuroli pa3pabomku npo-
epamm.

Crenyromuit stann — padpabomka npodyxkmos. B poiu paspaboTInmKoB MO-
JKeT BBICTYIATh KOMIIaHUs, paspadorasiias (pabpuky 1nporpaMMHOIo odecredeHus.
C TeMm ke yCcIexoM OHa MOXKeT ObITh HCIOJIb30BAHA M CTOPOHHUMHU Pas3spadOTIrKa-
MH, KOTOpBIe puobpe/n jannyio ¢hadbpuky. PazpaboTka mpojykra BKIIOYaeT cne-
yugurayuro npodyxma, Koraa TpedbOBaHUs BLIPAXKAIOTCA B TePMHUHAX JUHEHKH
IPOJIYKTOB € OTOOpazkKeHHeM UX Ha IIPOU3BOJICTBEHHbIE aKTUBLI. 10 ecTh BHUMaHUE
yJieJIseTCs He BCeMy HPUJIOKEHHMIO, KaK [PpHU TPAJUIUOHHOM c1ocobe pas3padoTku,
a OTACJIbHBIM 4YaCTdAM y2Ke I'0TOBOI'O IIPpUJIOZKEHU .
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5. @Pabpuka pa3paboTKm 00ydaromimx
UT'POBBIX IIPOrPAMMHBIX CHUCTEM

B sTroM pasese nmpuBOISTCA OTBETHI HA IJIABHBIE BOIPOCHI, KOTOPBIE CTOAT B IIO-
CJIEJIHEM IIPOEKTEe aBTOPa, CBA3aHHOM ¢ pa3paboTKoil (hadpuKu 1MporpaMMHOro obec-
IIe4YCHUA.

Bomnpoc Ne 1. Kto 6yzer ucnosb3oBarh habpuKy, a KTO NOTPedIITh MPOLYKTHI,
BeIpaboOTaHHBIE €107

OrBer. Pabpuky pa3paboTKH OOyYaIOIMMX HIPOBBIX IMPOIPAMMHBIX CHCTEM
JIMHTBUCTHYECKOIl HAIIPABJIEHHOCTU OY/IyT MCIIOIb30BATh HEOOJIbIINE KOMIIAHUH-Pa3-
pPabOTYMKK HPOrPAMMHOTO 00ECIIeYeHNsl, HAIIEJIEHHBIE HA PHIHOK JIEKTPOHHOIO 00Y-
YeHUsI, PENIUBIINEe 3aHITh HA TOM PbIHKE OHPEJIEJIEHHOE IIOJIOKEHHE. JTO TaAKKe
MOryT ObITH ClenHaJucThl B cepe obOpasoBaHusi, 00/1a/al0Nue 3HAHUIMU Pa3pa-
OOTKHM KOMIBIOTEPHBIX IIPUIOXKEHUH U ZKeIaloIme co3/IaTh cebe B IOMOIIb IPOIYKT,
CIOCOOHBIN pelIaTh ONpeIe/éHHbIe IIearOTHYecKue 3a/1a9K, BCTAIONIUe B IPOIEC-
ce oOydyeHusi UMU CBOUX 1ojiotiednbiX. [IpojayKThl, BbipaboTanubie hadpukoii, oyyT
UCHOJIb30BATHCs B y4eOHbIX 3aBEJIEHUAX U MECTaX, IJie eCThb JIFOJIH, yKeJIafollue IpPoii-
T 00yuenue. OCHOBHAs 3a/ja49a IMPOJAYKTa — CHOCOOHOCTH IMOJJIEPKUBATH ITPOIECC
00ydeHusT TAKUM 00pa30M, 4TOOBI OOYUYAIONUCS He ONLYIa]l PA3HHUIbI MEXKIy 00y-
qeHueM, Oy/ib OH B CIEIUAJIBHOM YIeOHOM 3aBe/IeHUN WK jioMa. 1o ecTb HEOOX0IuMa,
s dekTuBHAS cECTEMa KOHTPOJIS U HOMOIIKA CO CTOPOHBI IIPOrPAMMHON CHCTEMBI.

[lenecoobpasuocTh ucIoab30BaHus HAOPUKU 3aKII0YAETCI B TOM, 9TO OHA I103-
BOJISI€T CTPOUTH MPHJIOXKEHHUs, OTBeYaloliie TPeOOBAHUIM MHOYKECTBA 3aKa34UUKOB.
Her nHeoOxo/uMoCTH CTPOUTDH U3JIUIIHE HEPErPYKEHHYIO (DYHKIUAMU ITPOIPAMMHY IO
cucremy O6y‘IeHI/IH, KOTOpad MO2KET JIMIIb OTIIYI'HYTb IOTE€HIUAJIbHbBIX 3dKA31UKOB.
A BOT JIErKO€ B OCBOEHHH IPUJIOKEHHE ¢ MHHHMAJIbHON (DbYHKIIHOHAIBHOCTHIO, HO
BBINIOJIHAOIIEe UMEHHO TO, YTO HEOOXOIMMO KOHKPETHOMY 3aKa34HKYy, KaK pa3 To,
YTO HYZKHO. DKOHOMHUS CPEJICTB B JIAHHOM CJIy4Yae JIOCTUTAETC 3a CUET MPUMEHEHUs
IIOBTOPHO-UCHOJIB3YyEMbIX 2JIEMEHTOB JLJIA pa3pa6OTKI/I HpI/I.J'[O)KeHI/Iﬁ Pa3HbIM 3aKa3-
YUKAM CO CBOUM HAOOpoM TpeboBanuil, DOJIibIIas 4YaCTh KOTOPbIX COBIIA/AET, a Ba-
pUaly HEBEJIMKU, HO 0Dsi3aTeIbHbI JIjIsd yIéTa.

Bonpoc Ne2. Kakme HeoOXoauMmbl 3HAHUS pa3paboOTUYMKAM, HCIOJIB3YIOMIIM
dabpuxy?

OrBet. Bo-nepBbIX, 9T0 3HAHHE IIPOIECCOB, MPOTEKAIONIUX B X0/ YIeOHOr0 IIPO-
Iecca, a TakyKe — B KaKOil CTelmeHH HPOAYKThI (haOPUKU MOTYT HX IOJJIEPKUBATD.
DTO HYZKHO JIJIsl TOTO, 9TOOBI OblL/Ia BO3MOXKHOCTH OHEHUTH 00bEM PabOTHI 110 CO3/1a-
HUIO 9JIEMEHTOB IOJJIEPKKHU IIPOIECCOB, HE HPeycMOTpeHHbIX (radbpukoit. Bo-BTo-
PBIX, HEOOXO/IMMBI 3HAHHS TOTO, KaK MOXKHO pean30BaTh TpeOOBaHUA 3aKA3UUKOB,
MOHUMAaTh, KAKHe HHCTPYMEHTBI pa3padOTKHU JJsd STOTO JOCTYITHBI.

OnpeieIuTh BO3MOXKHOCTH MPOJAYKTa MOXKHO, O3HAKOMHUBIIHUCH CO cxeMoit (abd-
PUKH IIPOrpaMMHOr0 obecredenus. CxeMa — 3TO HpexK/ie BCEro CIOCOD YIOPSI0-
YUBAHUSA JIEMEHTOB, HCIIOJIL3YIOIMXCA B IIPOIEcce pa3pabOTKH, HHAYE TOBOPS, ap-
repakTOB pa3paboTKM, TaKUX KakK Mojieiu, (ailjibl UCXOMHOIO KOJia, MaHUMEecTbl
passéprbiBanus U T. . [0BOps 00pa3HO, MX YHIOPSJI0YMBAHUE HPOUCXOJUT B CET-
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Ke, IJie KayKJIblil 9J1eMeHT, WK gdeiika, IIpejcTaBjsgeT coOOi OmpeIeéHHYI0 TOUKY
3peHus, WIH acleKT MPOrpaMMHOr0 obecriedeHus. BHadase onpenensioTcs HHCTPY-
MEHTHI 7T HOCTPOEHNS MPOAYKTOB, T.€. SI3bIKH, KAPKACHI, MA0IOHBI, & YzKe 3aTeM
KazKJIOU siueifKe COMOCTABJ/ISIOTCH peaJibHble, IPUTOJIHbIE JIJIS UCIIOJIb30BAHUA apTe-
dakTer pazpaborku. OfuH U TOT K€ MHCTPYMEHT Pa3pabOTKU MOXKET ObITb COIO-
CTaBJIeH C HECKOJTbKUMHE gueiikamu. 10 ecTb, HaIpuMep, A7 PabOTHl ¢ HECKOJTbKUMHA
acrmeKTaMHl MOYKHO HMCIOJIb30BaTh OJIMH MpPeIMeTHO-OPDHEHTUPOBAHHBIN A3bIK. B KO-
HEYHOM CUETe ceTKa IMpeodpa3yeTcs B CXeMy, IVle MeXK/1y S9eiiKaMu yzKe CYIIeCTBYIOT
OIpe/Ie/IEHHBIE CBSA3U U HAJIOXKEHbI orpaHndenus. CxemMa — 3TO TaKKe MIabJIOH JIjIs
onucanus UpoAykros ¢dabdbpuku. B [19] npuBogurcs ypadnas aHajgorus, cxemMa —
PEIENT, TOYKU 3PEHUs] — UHIPEJUEHTHI (& TaKKe HHCTPYMEHTHI U IPOIECChl IIPUro-
TOBJICHUS ).

Bompoc Ne 3. KakoBbl cyniecTBeHHbIE COCTABIISIONINE cXeMbl (DabpuKu B 00IIUX
yeprax”?!

OrBer. Ilepsas kamezopus coctapisgionux — TpeboBanus. Cnucok (pyHK-
IIOHAJILHBIX TpeOoBaHuil BecbMa IMHUPOK. /lenTcs Ha Kareropum CUCTEM, U3 KOTO-
PBIX COCTOUT IHPOJAYKT OOy4eHus, 1ojiydaeMblii ¢ 1nomouibio dpadpuku. Vrak, ecrb
TpeboBaHus K (HYHKIUOHAJIBHOCTU CJICYIOIMMX CUCTEM: YIPAB/ICHUS OJIH30BATE,IsI-
MU, OOy4YeHHsI, OOCTyKUBAHHUA, B3aUMO/ICHCTBUA Y€/ IOBEK-MallliHa, Oe30I1acHOCTH,
KOMMYHHUKAIWKM, yIeOHOro Marepuasa. B paMKax HepeducjeHHBIX CHCTEM ITPOMC-
XOJSAT OIpe/Ie/IEHHBIE IIPOIECChI, KOTOpble MOXKHO KoHpurypuposathb. Hedyuknu-
OHaJIbHbIE TPeOOBAHUS HMPEJCTABJIECHbI Cieyfomumu TpedoBanusmu. [lepsast rpyn-
na — TpeboBaHus K yI00CTBY, PEIIaioT BOIPOCHI TOI0, HACKOJIBKO OBICTPO 00yYaeMbie
MOTYT OCBOUTH cuctemy, 3MEKTUBHO Ji OPraHu30BaHa CUCTEMA B3aUMO/IeHCTBHS
C CHUCTEMOil, He IPensTCTBYIOT JIX OIpPE/Ie/JEHHBIE 3JIeMEHThl OpraHU3alud HHTEepP-
deiica npomaykTuHOI pabore m T.J. Bropas rpynma — TpeboBaHud K HAJIEKHO-
ctu cucreM. Pemaror, Kakue BO3MOXKHbBIE J1eDEKThl CHCTEMbI SIB/ISIIOTCS TEPIUMbBIMU,
a KaKue KpaiiHe He YKeJIATeJTbHBIME, MPENsTCTBYIOMMMEI POy KTUBHOMY HPOIECCY
obyuenusi. Cosepkut TpeboBaHUs K HOPMAJIbHOMY (DYHKIMOHUPOBAHUIO, 3AIUTE
oT cboeB u Oe3omacHoCTH. TpeTbd rpynna — TpeOOBaHHS K HPOU3BOJIUTEILHOCTH,
YUIUTBIBAIOIINE BPEeMs BBIIOJTHEHHS OIPE/ICTEHHBIX OIepaliyii, IPOIMYyCKHYIO CIIOCOD-
HOCTb U 3P PHEKTUBHOCTD MOTPeOICHUsST PECYPCOB BBIYUCIUTEHbHON MalmuHbl. der-
Bépras rpyiia — TpedoBaHUs K COMPOBOXKIAEMOCTH: OHU BKJIIOYAIOT B ce0st TpeHO-
BaHUS K JIEPKOCTH UCIPaBJeHus J1ePeKTOB, MOAN(pUKAINN, 3aMEHBI, IIEPEHOCUMOCTH
Ha Jipyrue mwiatdopMbl. Bmopas xamezopus — obiasg apXUTEKTypa HIPOJIYKTOB
1 uHPACTPYKTypa pa3BépTbiBanud. OTBedaeT Ha CJeyIoINue BOIpOochl. V3 Kakux
9JIEMEHTOB COCTOUT, KAKOIl CTH/Ib BLIOpaH, KaKue Mad/I0HbI Hpe/oaaraer. Kax mpo-
u3BoUTCs HacTpoiika npogaykra? llocsieanuit Bonmpoc cBsi3aH ¢ TaKUM aCIEKTOM,
KaK OCOOEHHOCTH KOHKPETHOH MmaardOopMbl, KOTOpas HAKJ/IA/IBIBAET OIPE/ICIEHHbIE
OrpaHUYeHHS Ha Pa3BEPTHIBaHHE NPOJAYKTOB. I'pembs xKame20pus — HUCIOJIHIE-
Mble apTedakThl pa3padorku. Croia BXOAAT KOMIIOHEHTBI, KAPKAChI, KOH(MHUTYpaIlu-
oHHbIE (hail/Ibl, OTAEIbHBIE KJIACCHI U T. ., OTCOPTUPOBAHHBIE 110 ITPUHAJIIE?KHOCTU
K KOHKDPETHOII nojicucreme (00ydenus, o0c/yKuBanust u T. 11.). [logpobuee o cocras-
JISTONIMX HOJICHCTEM MOXKHO y3HATh U3 pabors [8].
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MezK/1y COCTaB/ISIOMUME CXeMBI MOTYT CYyIIEeCTBOBATH Pa3JIUIHbIE OTHOIIEHHSI,
KOTOpPBIE HEOOXOIUMO YIAUTHIBATH U IOIEPKUBATH UX COINIACOBAHHOCTH, YTOOBI M3-
OexkaTh IpoOJIeM, CBA3aHHBIX C MEPEKPBITHEM HH(MOPMAIMH MeXKJy apredakTaMu
1 ux nepeumMeHoBanHueM. st pa3pabOTKu KOHKPETHOIO IIPOLyKTa HEOOXOIMMO CKOH-
durypupoBarh CXemy, a Jijis TOr0 CXeMa JIOJIZKHA COJEPKATh, IOMUMO (DUKCUPOBAH-
HBIX JacTeii, 9acTu u3Mengembie. Cxema (habOpUKHU — 3TO MPOCTOE OIUCAHIE AKTUBOB,
HCIIOJIb3YEMBIX [ MOCTpoeHns. Peanu3arnueil cxeMbl sIBIsieTCs IIa0I0H (PadpuKn
IIPOrPAMMHOTO 0OeCIeIeHHS.

Bonpoc Ne 4. I13 kakux HHCTPYMEHTOB COCTOUT IIad/I0H (habpuku?
Orser. /lasee mepedncasrOTCS HHCTPYMEHTHI U UX OIHCAHUE.

Ipedmemmno-opuenmuposartvie asviku. B pamkax paspabarbiBaeMoiit ¢padpuku
UX HECKOJIBKO JIJI KazKJI0M M3 CeMU IOCHCTEM, PEIIaioIIuX OIpPe/1eTEHHbIE ACIIEeKTEI.
K mpumepy, s3bIK IS yCTAHOBJIEHHS OTHOLIEHHII MeZKJIy COCTABJIAOIIAMHE IO/ICH-
crem. [Ipenmonaraercsa co3manme rpaUIecKuX U TEKCTOBBIX SI3BIKOB.

Kapraco. J1ng kazxaoit cucreMsl B habpHKe IpPe/ICTaBIeH CBOl KAPKAC, COepKa-
Il BLICOKOYPOBHEBbIE a0CTPAKTHBIE CYNTHOCTHU, HO/IAIONTHECS JeTATH3AINA U e-
PeOoIIpe I/ IeHUIO.

HLIabaorw, npoexmuposarus. B GOJBITHHCTBE CBOEM 9TO MOJIEPIKKA KJIACCHYIe-
CKHUX 1IaDJIOHOB, IPeJCTaBIeHHbIX B [16].

YIakoBaHHBIE BMECTe, 9TH aKTHBBI MOI'YT HCIIOJIb30BATHCS /s pa3pabOTKU Mpo-
JIVKTOB B HHTEI'PUPOBAaHHOI cpeje paspadorku. [[1abion, Tak ke Kak U cxemy, HeoO-
XOJAUMO CKOH(MDUIYPUPOBATH Hepe/l HCIo/ib30BanueM. O mo0y K IAIOIMIX MOTUBAX 10-
crpoenusi (pabpuku 00yYaIONUX MIPOBBIX IIPOIPAMMHbBIX CHUCTEM JIMHI'BUCTHYECKON
HANPABJIEHHOCTH U IIPE/IIECTBYOIIX TOMY MPOEKTaX MOXKHO y3HATH U3 paboThl 7).

SaKJ/II0oueHue

B crarbe npeacrasiena uadopmalusg 0 mpoiecce pa3spabOTKH IIPOrPAMMHOIO 0bec-
mevyeHnsd, ¢hOKYCHPOBAHHOM Ha CHCTEMATHIeCKOM IMOBTOPHOM HCIOJIB30BAHUHU IIPO-
M3BOJICTBEHHBIX CPEJICTB M HMHCTPYMEHTOB JIJIA UX aIAIITAIMN 110/, KOHKPETHBII IIpo-
JYKT B paMKaX ceMeilcTBa IPOrPaMMHBIX CHCTEM.

K coxasieHuto, B paMKax CTATbU HEBO3MOKHO IOJIHOCTBIO U B JIETAJISAX ONUCATDH
BCE ACHEKThI HPOIECCa CO3/IaHusl IIAKETA IIOBTOPHO UCIOJIb3YEMbIX JIEMEHTOB U WH-
crpymenToB. Tem He MeHee aBTOp Mojlaraer, 4ro uHMOPMAIUU B JIAHHON CTaTbhe
JIOCTATOYHO JIjIsl TOrO, YTOOBI IPUCTYIUTh K O3HAKOMJIEHUIO C IIOJXOJAMH, CIOCO0-
CTBYIOIIMMHE TIOJHATHIO 3PEJIOCTH MHIYCTPUH Pa3pabOTKU IMPOrPaAMMHOTO obecrede-
HUS. A IpeJICTaBIEHHbIH CIUCOK JUTEPATYDHI U YKa3aHUe Ha UCTOMHUKU B COOTBET-
CTBYIOIIUX Ppa3/e/iaX IIOMOZKET 110JIYYUThb HHTePEeCYIOIUMCA HeO6XOﬂI/IMbIe 3HAaHUA 110
oupe/eéunoii reme. Jljis Tex, KTO Kejgaer nojpodHee 03HAKOMUTHC UMEHHO ¢ WH-
JKEHEPHOM cOCTABJIAIONIEH 1polecca pa3paboTKU HPOIPAMMHOIO 00ECIeYeHNs!, PEKO-
MeH/IyeTcsl HadaTh ¢ Kaaccuaeckux pabor Issuma [lapuaca (David Parnas) 28, 30]
u Bappu Bosma (Barry Boehm) [3,20).
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