Jlekumnsa Ne 6. O cBsAi3n BM3yarnbHbIX cneyudukaumm c
NPOrpaMmMHbIX KOOOM.

B gnekyuu  obvacHamca  mpyoHocmu  A8MOMAMUYECKOU  2eHepayuu
NPOCPAMMHO20 KOOA NO BU3YATbHBIM MOOENSAM, 00CYAHCOAIOMCL OMOebHble
obnacmu, 20e Mo 803MONCHO U CMANO 00WEeynoOmpeOUMenbHOU NPAKMUKOU —
MOOenuposanue cxem perayuoHHbIX 0a3 OAHHBIX, CMPYKMYPbl 00bEeKMHO-
OPUEHMUPOBAHHBIX NPUNONCEHUL, CIPYKMYPbL U HOBEOEHUSI CUCIEM PealbHO20
8peMeH, a makdce OusHec-npoyeccos Komnamui. Beoosamcs nowsmus
8036PAMHO20  NPOEKMUpO8aHusi  (reverse  engineering),  YUKIUYECKOU
paspabomku (round-trip engineering) u YNpasieHus CO21ACOBAHHOCMbBIO
(inconsistency management).

Meura 06 aBTOMaTHYeCKOif TreHepanuu Koaa mo MoaeasaM. M3BecTHO, 4TO Kak TOJIBKO
pOTpaMMHOE 00eCIeueHHe CTaN0 MPOHUKATh B YXKE YCTOSBIIMECS MPOMBIILICHHBIE 00JacTh
(IPOM3BOICTBO aBTOMOOMJICH, CAMOJIETOB, BOCHHBIX CHCTEM, OBITOBOM TEXHUKHU M T.I.), TO €CTh
OCJIICBBIC CUCTEMBI CTAaJIM COACPIKATh INPOTrpaMMHBIC MOAYJH, KOTOPBIC CHJIBHO ITOBBICHUIIA
BO3MOXXHOCTH TaKHX CHCTEM, TO HEMPEICKa3yeMOCTh Pa3paboTOK, a TAK)KE Ka4eCTBO KOHEYHBIX
CUCTEM CTaIH Cepbe3HOU mpoOsieMoii. CyIIECTBEHHO MOBBICWIICS TaKXe MPOICHT HEYIaBIIMXCS
IPOCKTOB.

Omun u3 crnoco0OB MPeoNodeTh 3Ty, HAAO CKa3aTh, TJIOOAIBHYIO MpoOJieMy — 3TO
CO3/1aBaTh CHCTEMbI B TEPMUHAX TOH MpeaMeTHOU oOmactu, 1uist kotopoi 10 npennaznavaercs,
oo BXOOWUT KaK COCTaBHasA 4aCTb HNPOTpaMMHO-alIapaTHbIX KOMITJICKCOB. 9TO 1O3BOJIUIO OBI
co3maBarh [IO mpsMo crmenuamucTaMm MpeAMETHON 001acTH, ¢ MUHHUMAJIbHBIM MPUBICUYCHUEM
IPOTPAMMHUCTOB, TO €CTh 0€3 MepepacTaHnii OHOW W3 YacTeil mporecca pa3padOTKU CUCTEMBI B
OTJIENBLHBIN U TUIOXO MpelIcKa3yeMblil mpouecc. LleneBoit mporpaMMHBIN KO XO4ETCs MOIydaTh
B DOTOH CUTyallUd aBTOMATUYCCKH, 110 BBICOKOYPOBHCBBLIM CHCIII/I(l)I/IKaHI/IﬂM, a caMu
crenu(UKauy  BBIOJIHATh C TOMOIIBIO BU3YalbHOTO MOJEIMPOBaHUs. Benb BH3yallbHBIC
MoJIelM OoJiee HAMISIHBI, 0OJee TMOHSTHBI JIIOJIM, B TOM YHCJIE HE MPOrPaMMHCTAM — TaK
noyemy ObI X HE MCIIOJIb30BaTh KaK CPEJICTBA BHICOKOYPOBHETO KOHCTPYUPOBAHHS CUCTEM?

Hampumep, ecinu OU3HEC-KOMITAHUU HY>KHO CO37aThb HOBYIO MH(OPMAIIMOHHYIO CUCTEMY,
TO €€ CICIHUATHCThI-aHATUTHKH MTOJAPOOHO ONMUCKHIBAIOT (DYHKIIMH TAaKOW CUCTEMBI, H IOCIIE 3TOTO
HyxHoe [10 co3naercst aBTomarndecku. Mnm eciii He0OX0IUM HOBasi BCTPOCHHASI TIPOTPaMMHO-
amnrmaparHasi CHCTeMa JJisi HOBOW MapKH aBTOMOOWIIS, HHXKCHEPHI OMHUCHIBAIOT €ro (YHKIUU H
aApXHUTEKTYpPy, a JajbllIe BCe HEOOX0IMMOE CO3/IaeTCS aBTOMATHUECKH.



00 »BosOIIUM CPeICTB NMporpamMMupoBanus. Mues 00 aBTOMaTHYECKON TreHEparuu
MPOrPaMMHOTO KoJia TIo 0oJiee BHICOKOYPOBHEBBIM CIIEHU(UKALNAM — BU3YAIbHBIM MOJEISIM —
XOpOILIO COOTBETCTBYET 3BOJIOLMU CPEICTB IporpaMMupoBaHusa. (Cxema 3TOH 3BOJIOLUU
IpeacTaBiIeHa Ha puc. 6.1.
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Puc. 6.1.

IIporpammupoBaHue Hayanoch ¢ co3JlaHMs UcnoyHsAeMblx OBM konoB «Bpyunyio». To
€CTh TO, YTO MallIHa 00pabaTbiBaja ¢ MOMOIIBIO AIEKTPOHHBIX CXEM, [101aBAJIOCh €1 Ha BXOJ C
UCIIOJIb30BaHUEM MPOCTEHIINX CPEACTB BBOJAA, HApUMeEp, KapTOHHBIX mnepdokapT. OOpaboTka
BBEJICHHBIX B MAalIMHY IPOTpaMM, NPEIIIECTBYIONIas WX HETMOCPEICTBEHHOMY HCITOIHEHHUIO,
ObU1a MUHMMAJIbHA.

Janee mnosBUIKMCH acceMOiep-sA3bIKM, MO3BOJIAIONINE ONUCHIBATH IMPOTrpaMMy HE C
IIOMOILBIO HYJIEH M €AMHUI], a MOCPEJACTBOM MHEMOHHUYECKUX KOMAaHJ], UMEIOIIUX OYKBEHHBIE
UMEHA, YHCICHHBIE TapaMeTpel W T.JI., a K IeNeBble KOJBbl acceMOJep-TporpaMMBI
HEePEeBOMINCH KOMIUIATOPaMHU. DTO CYIIECTBEHHO OOJIErYMIIO MPOLIECC MPOrpaMMHUPOBaHUS, HO
BCE PaBHO MPOTPAMMUCT JOJKEH ObLJI OYEHb XOPOIIO IMPEACTaBIATh BHYTPEHHEE yCTPOMCTBO
neneBoit OBM: KOIMUECTBO PETUCTPOB U UX MMEHA, pa3Mepbl ONEpaTUBHOM HaMsITH U TO, Kak
MMEHHO JIaHHasI mporpaMma OyIeT ee HCIoIb30BaTh, BCe epu(epuitHbIe YCTPOICTBA U TIpaBUIIa
paboThl ¢ HUMHU U T.1.

Jlanee MOABMINCH aNropuUTMHUECKUE s3bIku nporpammupoBanus — COBOL, Fortran,
PL/1, Algol60, C, Pascal, C++, Java, #C u muHorue npyrue. [lo mepe ux pa3BUTHS MPOTPAMMHUCT
NOJTy4all BO3MOXKHOCTh BCE MEHBIIIE U MEHBIIIE 33 {yMbIBAThCS O JETANISAX MPOLIECCca BHITOTHEHHUS
nporpaMMbsl Ha OBM 1 Bce 0osbllie BHUMaHMS YIENATh OMMCAHUIO JIOTHKHU 33aJadd, KOTOPYIO
peanu3oBbiBana ero mnporpamMma. COOTBETCTBEHHO, CIEKTp 3a]ad, KOTOPHIE CTaHOBMJIOCH
criocoOHbIM pemath 110, cyniecTBeHHO pacupsuICs, CIOAKHOCTb IPOrpaMM yBEINYMBAJIACh.



B sTOl memnoyke KakAbld CIEAYIOIIMM IIar, IPAKTUYECKU, BBITECHSI NMPEABIAYIINNA: B
Kojax 1eineBbix DOBM mepectanu MaccoBOro nmporpaMMHUpoBaTh, KOTJa MOSBUINCH acceMOuep-
A3BIKM M UX pealu3aluu i pasHbiXx miaTdopM. LleneBple konbl CTald FeHEPUPOBATHCA IO
acceMmOuiep-cnenMdukanusaM aBTomMatuyecku. Jlamee, ajiropuTMU4ecKue SI3bIKM BBICOKOI'O
YPOBHS CTOJIb )K€ PaJMKaJIbHO BBITECHWIM MPOrPaMMUPOBAHHUE Ha acceMmOiepe, U 1eIeBOi Ko
ABTOMATHUYECKN T€HEPUPOBAJICS TENEph YK€ MO TEKCTaM Ha 3TUX s3blkax. [Ipu sxenanunm
TEHEpUpPYeTCsl M TEeKCT Ha acceMOiepe, €ciu €cTh HEO0O0XOIUMOCTh HPOAHAIN3UPOBATH
pe3yJbTaThl TeHepaly (Belb TEKCThl Ha acceMOiepe, ¢ OJHOW CTOPOHBI, CYLIECTBEHHO Jierde
BOCIIPUHUMAIOTCS, YEM LIEJIEBON KO/, C APYTOil CTOPOHBI, OUEHb OHU OJIM3KH K HEMY).

Wrak, MOXHO CKa3aTb, YTO 3BOJIOLUSA CPEACTB IPOrPaMMHUPOBAHHUS JIBUranach OT
BBIUMCIIUTENS K YEJIOBEKY C COXPAHEHHEM CBSA3HM C BbIUMCIHTENEM. Benb, ¢ OHOM CTOPOHBI,
IIPOrpaMMbl OPUEHTUPOBAHBI HAa BBIYMCIUTEIND, KOTOPBIA UX JOJDKEH UCHOMHATE. [loaTOMy OHHM
JOJKHBI  COJIEPKAaTh MAaKCHUMaJbHO TOYHYIO M IMOJIHYI0 HHQOpPMAIMI0 O TOM, KaKk HMEHHO
BBIYUCIIUTENBHO JOKEH MX BBINOMHATh. C Jpyroil CTOPOHBI, MPOrpamMMbl JIOJKHBI OBITh
yIOOHBI JJIsi pa3paboOTKM dYenoBeKOM. Benp xgepkaTh B yMe NPUYYUIMBO BETBSIIUICS,
NEPECEKAIOIINN, CXOIAMNICA U paCXOAIINNICA BHOBb IIOTOK YIIPABIEHUS C COTHAMMU ONEPALNM,
NEPEMEHHBIX U T.JI. YEJIOBEKY HE BO3MOXHO, OUEBUJIHO, YTO MOCIIE JOCTUKEHHSI ONPENEIECHHOTIO
YPOBHS HacTyMaeT npenei. A eciii B IpOrpaMMHPOBaHUM YYacCTBYET HECKOJIBKO Y€JIOBEK, TO UM
JUTsE OOIIEeHMsI He0OXO0AUMBI abCcTpakuuu, Oojee y1o0HbIe, YeM MallnHHbIE KoMaHIbl. Hakonerr,
IPOrpaMMbl  4acTO IE€PENAIOTCS Ha CONPOBOXKIEHUE JPYIMM JIOASIM, B  KOJIJICKTUB
pa3pabOTYMKOB BXOJAT HOBBIE COTPYJHHUKHU, HAKOHEL, CaMH MPOrpaMMMCTHI MOCIIE NEPEPhIBa,
oOpariasich K CBOUM IIpOrpaMMmam, ¢ TPyJAOM B HUX pa3oOuparorcs. Takum oOpazom, mporpaMmmbl
JOJKHBI OBITh MaKCHUMAaJIbHO JOCTYNHBI JJISi 4YelOBEeKa — KakK JJs CaMoro aBTopa, 4TOObI
YIPOCTUTH MPOLECC €ro paboThl, TaK U A APYTUX Jrojed, 4ToObl caenaTh paboTy OAHOTO
0oJsiee MOHATHOW ApyruM. JTa ABOWCTBEHHAs IPUPOJIa IPOrpaMM OTpakeHa Ha puc. 6.2.

— MporpamMma -

Bblancnimrens

MporpamucTbl

Puc. 6.2.

BusyajbHble Mojiesieli: TOHATHOCTh WJIHM HCIOJIHsIeMas ceMaHTHKAa? OXHUIanoCh, UTO
BU3yaJbHOE MOJEIMPOBAHUE CTAHET CJIEIYIONIMM 3TaloM, 3aMEHHUB COOOW anropUTMHYECKUe
SI3BIKH M IPEOCTaBUB 0OJIee MUPOKKHE BO3MOXKHOCTH TporpammucTaMm. OJIHAKO 0Ka3aJioCh, UTO
BU3yaJbHbIE MOJENH, JACUCTBUTENBHO ynoOHble B pabore Han I1O, CKIOHHBI TepATh
UCTIOJIHAEMYIO CeMaHTHKy. Jlpyrumu cioBamu, uHGOpManus, KOTopas B HHUX COJEPKHUTCA,
HEJ0CTAaTOYHO MOJIHA U JIeTaIbHA, YTOOBI 110 HEM BBIYUCIUTEIH MOT Obl BHIIOJHUTH BBIYUCIICHHUE.
BC,Z[I: HUKaKasas «yMHas» reHepalusa HC MOKCT ﬂ06aBI/ITL TOro, 4TO HCT H3HA4YaJIbHO. Ecmu xe
BU3yaJbHbIE MOJENN YCIOXKHSATH C TE€M, YTOObI OHM OBLIM MPHUTOAHBI JUISl MCHOJIB30BaHUS
BBIYUCIIUTCIEM, TO B O6IJ.I€M CJIydac OHU TCPAKOT HAITIAAHOCTb W CTAHOBATCA 6€CHOJIC3HI:IMI/I.
Komy wu3 pa3paboTUyMKOB HY)KHBI HETOHSTHBIC, HO TpPaBWIbHBIE OMHMCAHUS MPOTPAMMHOIO
obOecrieuenna? EcTb TeKCTbl Ha s3bIKaX MPOrPaMMHPOBAHUS, €CTb JIOKYMEHTBHI, €CTb
BO3MO>XHOCTh CIIPOCHUTD U y3HATh....

Taxum 06pa3oM, CyIIeCTBYeT CEMAaHTUUECKUN Pa3phIB MEXK/y BH3YaJIbHBIMH MOJEIISIMU U
MporpaMMaMHM, Kak IOKa3aHo Ha puc. 6.3. 1 OoH mpemsiTCTByeT aBTOMAaTHYECKOW TIeHepaluu



MPOTrPaMMHOTO KOJa U TOMY, YTOOBI BU3yaJIbHOE MOJIETUPOBAHUE MPOYHO CTAJIO CJICIYIOUIUM
[IarOM B Pa3BUTHUHU CPEJICTB IPOrPaMMHUPOBAHNUS, KaK MMOKa3aHO Ha puc. 6.2.

To, 4uTO BU3yadbHOE MOJEIHUPOBAHUE HE CTAJO «CEPEOPSAHOW Myneil» mpu pa3padoTKe
[1O, oObsicHsIeTCS CIOXKHOCTBI0O U HEBHAUMOCTHIO [1O, kKak 3T0 00CYXIanoCh B MPEABIAYLINX
nekiusax. He cyImecTByeT eCTEeCTBEHHOTO Croco0a BH3YalbHOTO MPEICTABICHHUS HEBHIUMOTO,
MHAYe, YeM C TMOMOUIbIO CIEUUATbHBIX TEKCTOB, TO €CTh MPOTpPaMM, CO3JaHHBIX Ha S3BIKAX
nporpammupoBaHusi. bosiee Toro, B 001ieM ciydae HEBO3MOXKHO aBTOMAaTHYECKH T€HEPUPOBATH
ITO no xakum 661 TO HH OBLIO crielU(UKALMUIM B TEPMUHAX IPEIMETHONU 00TIaCcTH.

BuzyanbHoe MozennpoBaHue —He €IMHCTBEHHBIN MOJX0J, C TOMOIIBI0 KOTOPOTO AENAINCh HOIBITKH
TIOBBICHTh YPOBEHb a0CTPAKLUM CPEICTB NPOrpaMMHUpoBaHusA. MOXKHO ykas3aTh, HampuMmep, Ha Intentional
Programming u Aspect-Oriented programming [4] .

4— BusyanbHas Mporpamma —>
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Puc. 6.3.

I'me BbIx0A? Heynaua pemienus Bompoca ¢ reHepaiei «B J100», YHUBEPCAJIbHO, HE
TOBOPUT O TOM, YTO 3TO HE BO3MOXXHO B mpuHIUNe. HeoOXomumMo Wb TOHU3UTH
YHHMBEPCAJIbHOCTh 3arpoca:

1. lenepayuonnvie pewenuss 6 pamxax product lines. Co3gaBaTh  cCleLUaATbHBIE
KOAOICHCPATOPLI 110 BU3YAJbHLBIM MOACIIAM IJid OTACIBHOIO IIPOCKTA, MAaKCHMAJbHO
YUUTBIBass €ro crenuuky, TO eCTh Jeias TOT CaMblii «YMHBII» TeHepaTop, KOTOPBIA He
BO3MOXKEH B 00ImeM ciydae. Ho MOCKOJNBKY CO3[aHHE TaKMX T€HEpaTOpOB JUIS KaKIOTO
poeKkTa — JAOPOroCTosIiee ea0 (€CIU MPOEKT HE CYMEPruraHTCKHii), TO IMOJ00HbBIC
CIICHUAIM3UPOBAHHBIC CPCACTBA JIy4dlIC IMOBTOPHO HCIIOJILB30BATH B paMKax pa3pa60TKI/I
MOXO0XHX CHCTEM. JTOT BBIBOJI XOPOIIO COTJIACYETCS C M3BECTHBIM MOJIXOJ0M K pa3paboTKe
ITO MeToOM OpraHu3anuy CEMEHCTB MPOrpaMMHBIX MPoIyKToB (product line approach).

2. Oecpanuuennas cenepayusi. ABTOMaTUYECKHM TIeHepupoBaTh oOTAenbHble BuUibel [1O,
KOMITOHEHTHI U J1p. (pparmeHTsl. Cpeid TaKUX BUAOB MBI BBIJIEITUM:
"  CXEMBI PeISIIUOHHBIX 0a3 TaHHBIX;
"  CTPYKTypa OOBEKTHO-OPHEHTHPOBAHHBIX IPHIIOKCHUII;
"  CTPYKTYypa M MTOBEJICHHE CUCTEM PEaTbHOTO BPEMEHH;
* onmcaHue OM3HEC-IPOLECCOB KOMITAHHIH.



3. [T'enepayus npomomunos. BO3MOXHO Take MCIOJb30BaTh aBTOMAaTHYECKYI0 F€HEPALUIO 110
MOJENIAM JJI1 CO3JAaHMsl MPOTOTUIA cHcTeMbl. CreHEepHUpPOBAHHBIM MO MpeaBapUTEIbHBIM
OMHMCAHUSM TIPOTOTHUIT CUCTEMBI B TaJIbHEHIIIEM JOpaOaThIBACTCS «B PYUHYION.

4. Omxaz om asmomamuyeckol ecewepayuu. TeHepauun HakoHeln, OT aBTOMAaTHYECKOU
reHepaluy KoJa MO BU3yalbHbIM MOJEISM MOKHO OTKa3aThCsS BOBCE, MCIOJIb3YysS MOJECIH
JIUIIb KaK JJOKYMEHTBI — Ha paHHUX CTaIUAX Pa3pabOTKH, MPpH OOIICHHUH, B IPE3CHTAIMSIX, B
nokymeHTaiuu K [10 (B ocHoBHOM, nipu omucanuu [10).

OO0mas cTpyKTypa reHepanMOHHbIX pelIeHui.
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Jlpyrue cnocodbl CBSI3M BU3YaJIbHBIX Mojesieil H mporpaMmMHoro koaa. Heooxonumo
3aMETUTh, YTO KOJIb CKOPO AaBTOMAaTHYeCKas FeHepalus MPOrpaMMHOTO KOJAA IO BH3YaJIbHBIM
MOJIETISIM He cTaja oOUIenpuHATEIM criocoboM pazpadotku I1O, To Bompoc cBsi3u auarpamm c
KOJIOM CTaJ 00JIee CI0KHBIM.

Bo-nepBbiX, BO3HMKaNa 3ajjaya BO3BPAaTHOI'O NMPOEKTUPOBaHMs (reverse engineering) —
yacThlo Iporecca conpoBoxaeHus [10 u no3Bosnsomas NOHIATh CUCTEMY C TEM, YTOOBI BHECTHU B
HEE COOTBETCTBYIOIIME H3MEHEHHUsA. TO €CThb peub MAET O BOCCTAHOBJIEHUU BEPXECYPOBHEBOMU
UHPOPMALIMU O CHCTEMEe, HalpuMep, TpeOOBaHWH, apXWTEeKTypel W T.4. llpu dToM
IpeAnouTUTeNeH rpadudeckuii Buj 3Toi BEpXHEypOBHBONW HHPOPMALIUY.

Bo-BTOpBIX, BO3HMKAeT 3ajJadya MUKIMYECKOM pa3paborku (roundtrip engineering) —
BO3MOXHOCTh CPEICTB pPa3pabOTKH MOJAEPKUBATh LEIOCTHOCTD PA3IMYHBIX, H3MEHIEMBIX
apredakToB pazpadotku I10 Bo Bpems mporecca ero co3ganus U 3BooLuu. To ecTb 3TH YacThb
THX apTePakTOB MOXET HU3MEHATHCSI €CTECTBEHHBIM ITyTeM, MpPHU OSTOM HEOOXOJHWMBIC
U3MEHEHHs OYIyT paclpoCTpaHEHBl BO BCE Jpyrue, cBszaHHble apredaxTsl. Kak mpaBmio, B
paMKax LWKIMYECKOW pa3pabOTKH paccMaTpUBAIOT COOTBETCTBHUE BU3YAIBHBIX MOJENEH |
IpOTrpaMMHOr0 Koja. 3ajaya MOJAECPKKH LelocTHOCTH pa3nuuHbix UML-mozeneit B pamkax
OJTHOTO ITPOEKTa HOCUT Ha3BaHHUE yNPABICHUE COTJIACOBAaHHOCTHIO (inconsistency management).
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