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B ¢raree npennaraercs MeTOX NPOCKTEPORAHTS ¥ PEAM3ANNY PEAK TUBHBIX 00bEK THO-OPUEHTHPOBAHHbIX
IPOrpaMM € SBHBLIM BhUIEJIEHAEM COCTOSHAR. MeTon oCHOBaH Ha MCIIONIB30BAHNA ABTOMATHOIO NPOrpaM-
mupoearus (SWITCH-rexuonorus) 1 UML-moranuu. Onucueaeres Ganupyiomeecs Ha 5TOM METONE MH-

cTpyMenTadibHoe cpenctBo UniMod, seastomeecs BcTpanBaeMbiM mMonyieM s miardopmst Eclipse.

1. BBEIEHHE

B nociensee BpeMs UIA TNOBBLINIEHHS YDPOBHS
abCTPaKIMK CPENCTB Pa3paboOTKM MPOrpamMM pa3-
BHBAETCs HAIpaBJieHHe MPOrPAMMHON HHXeHepuH
(Software Engineering) [1], xoTopoe Ha3biBaeT-
e MHXeHepuell, ynpasnsemoin Momenamu (Model-
Driven Engineering, MDE) [2].

9710 HAmpasjeHue BKIO4YaeT B cebs pa3paboT-
Ky nporpamm, ympaBisemyio Momensmu (Model-
Driven Development, MDD), koTopas MoxeT GITE
HA3BAHO TaK¥e NPOEKTUpOBaHMeM Ha Oase MoO-
neneit (Model-Driven Design) [3, 4|. BapuanTom
MDD sBisercsa apxuTekTypa, yrnpasjsgemas Moze-
namu (Model-Driven Architecture, MDA) (5], npen-
noXKeHHasA u pasBuBaeMas komcopumymom Object
Management Group (OMG).

IIpu npumenenmu MDA monenm mporpaMMHBIX
CHCTEM IPENCTABIAAIOTCA ¢ MOMOLIBIO Y HRQUIIUPO-
BagHOro sA3bika Momemuposanus (Unified Modeling
Language, UML) [6].

Ecim B TeueHme psana JieT TOT A3BIK MCIONb-
30BAJICS TONIBKO IUIsl TPEACTABJICHAA MONEJIeH, TO
B [OCiIeqHee BpeMs Bce OOBLIYIO HOMYJISPHOCTH
npuoGperaer unes ucnoangemozo UML [7, 8]. Do
CBA3aHO C TeM, YTO IPAKTHYECKOE UCIOIb30BAHMIE
UML, B GONBIIMHCTBE CIIYy9aeB, OrPaHHYNBACTCA

"
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MOIEJIMPOBaHNEM TONBKO CTATHYECKON YacTH IpPO-
rpaMM C IIOMOLLIBIO JUArDAMM KIIACCOB U NeHepallu-
ell M0 HUM KapKaca KOoa MporpaMMbl. JTOro HEmo-
CTATOYHO [JIA OJIHOLIEHHOIO IPOEK TUPOBAHMS ITPO-
rpamm.

MogenupoBanue OUHAMUYECKUX ACIEKTOB IIPO-
rpamM Ha si3bike UML 3aTpynHeHO B CBSA3M C OT-
CYTCTBHEM B CTaHOApTe HA 3TOT A3bIK (opMaiib-
HOTO OQHO3HAYHOINO OMUCAHMA HPABWIJI MHTEpIpe-
raunn (omepanmoHHOM CEMAHTHKM) MOBENEHYECKHX
JHArDAMM.

Kpome Toro, uu B onHoM u3 Gonpiioro 4ucia Me-
TONOB IPOEKTHPOBAHUS OOBEKTHO-OPHEHTHPOBAH-
HBIX CHCTeM, OnucaHusX B pabote [9], “BHaATHO” He
CKa3aHO, KaK CBA3BIBATH CTATHYECKHE IAATPAMMBbI
¢ BNHAMBYECKUMIA.

B wmacrodinee Bpems, HeCMOTpd Ha HaJM4ue
GONBIIOT0 YUCHA MHCTPYMEHTANBbHLIX CPeACTs HAiis
aBTOMATHYECKOro npeobpa3oBanus NOBEAEHYECKHUX
pmarpaMm (IuarpaMM COCTOSHUWE) B KON Ha pai-
JIMYHBIX A3BKaxX nporpammuposanns [10], B mmpo-
KO M3BECTHBIX CPENCTBAX MONETHPOBAHUA, HAIMPH-
mep, B Sun Studio Enterprise [11], Takas dyukimo-
HAJILHOCTb OTCYTCTBYET.

B HEKOTOPBIX HHCTPYMEHTAJILHBIX CperncTBax
rpaugeckne penakTopsl O NOCTPOCHUSA YKa3aH-
HBIX JHArPAMM HMEIOTCS, HO KO[{OreHepamus IO
HHM OTCYTCTBYET.
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Usap fAxobcon, omuu M3 cosmaresei A3bIKa MO-
nenupoanus UML, B nokmane “Yersipe ocHoBHBIE
TEHJIEHIIUHN B paspaboTke NporpaMMHoro obecneue-
nust (I1O)” [12] mepeuncnun BaxHeiue, mo ero
MHEHMIO, HAIIPABJICHUsS] PAa3BATHUS MPOIIECCa pa3pa-
6otkn I10.

Omn orMeTni1, uro TexHOmornveckas 6a3za paspa-
boTkn o6wexTHO-OpuenTHpoBaHEOro I10, cocros-
wiast u3 a3bika UML n crarnapTrOro nmpouecca pas-
paborku Rational Unified Process (RUP) [13], no-
craTogyHo m3BecTHa. [lo ciosam M. SIko6cona, a3b1k
UML npenonaercs Gonee wem B 1000 yHmMBepCH-
TeTax mupa. Ilo ero MueHuI0, ClleAyOMMM IATOM
HOJIXKHO cTaTh nmpokoe Brenperuwe UML u RUP.

IIpuMernTENLHO K TEeMATHKE HACTOSILEH CTATHY
13 YeThIpexX TeHIeHUMi, nepedncieHsux M. dxo6-
COHOM, OTMETHM JIBE.

1. Ucnonnsemuia UML. B macTosnuee spems
UML npumensieTcst, B OCHOBHOM, KaK A3bLIK CIle-
mucukanmy Monesneit cucrem. CymecTryionme
UML-cpencTsa no3BOfsiioT CTPOMTH Pasiiny-
Hbl€ JMarpaMMbl B ABTOMATHYECKH CO3NAaBAThH
1o amarpamme Kiaaccos ‘“ckener” xonma Ha Ile-
NIEBOM s3bIKe IIPOrpaMMHpPOBaHUs (HAIpHMED,
nHa sapikax Java m C#). Hekoropuie ux saTnx
CPEICTB TakxXe IIPeNOCTABISIOT BO3MOXHOCTH
ABTOMATUYEeCK! NeHePUPOBATH KOJ NOBeeHUs
NpOrpaMMLL IO JUAr PaMMaMm COCTOSHHIA.

Onsaxo MOXHO CYMTaTL, YTO B HACTOALIEE
BpeMs yKa3aHHAd QYHKIMOHAIILHOCTE CyLLECT-
ByeT JuIIL B “3aYaTOYHOM COCTOSHHM", TaK
KAK M3BECTHble MHCTPYMEHTHI HE IO3BOJISIOT
B NOJHON Mepe 3bdEexTUBHO CB3LIBATL MO-
NeJb MOBENeHNs, KOTOPYIO MOXHO ONUCHLIBATEH
C IIOMOLIBIO YETHIPEX THIOB AHAIDAMM (COCTO-
SHUHA, NesTeTbHOCTER, KOONePAIAN MJIA [OCTe-
JIOBATEJILHOCTEH), C FeHEPEDYEMEIM KOTOM.

OTcyTcTBHE ONHO3HAWHOH ONEPANMOHHOM Ce-
MaHTHUKA NPH TPAJUIAOHHOM HANMCAHMHA IPO-
rPaMM IPUBOMAT K PA3IAYMIO ONMMCAHUA MO-
BeleHMs B MONEIM M B NpOrpaMme, a TakKike
K IPOM3BOJIbHOR MHTEPOPEeTAIUN [OBEIeHYec-
KX nu@arpaMm nporpammmcramu. Bonee To-
ro, ONMCaHue NOBeJeHHs B MONENIM HYACTO HO-
cuT HehoOpMaNbHEIA XapakTep. Bo3moxHa u
IPOTUBOINOJIOXKHAA CATYalHsa, KOrfa CTPOUT-
ca popManbLHAS MONEIIb, & €€ PeAM3aLUs Bhl-
NONHAeTCs 3BpUcTHIecKn. YacTo dpopmanbaas

MO[esib NOBEMIEHUS CTPOUTCS APXUTEKTOPOM, a
[POrPAMMMCT IIPM HAIMCAHUU [POrPAMMEI €€
HE HCMOJIb3YeT, a IUIIET TEKCT KAk CUMTAeT
HYKHEIM.

[MosiBnenne onepanuoHHOM CeMaHTUKM 3apuK-
CHpyeT ONHO3HAYHOCTh NOHUMAHUS JHATDAMM
¥ IO3BOJIAT NOCTPOMThL ucnonasemsiin UML,
IU1sL KOTOPOTO Kol (B MPUBBLIYHOM CMBICJIE HTO-
rO CJI0BA) MOXET HE IeHepMpOBaThLCA. DTO MO-
XeT OHTE JOCTHTHYTO 33 CYeT HEeNOCPeICTBeH-
HOI MHTEPNpPeTaluy MOIEIN.

2. Ilpouecc paspabGorxm IO pomxen GuITh ak-
TuBEBIM. CyIlecTByoIme cpeacTsa pa3paboT-
Kn TpebyloT [UTMTENBHOr0 BPEMEHM OJIf WX
usyqgenus. M. Swxobcon camraer, 410 cpemct-
Ba pa3paboTKM NO/KHBI MPENCKA3bIBATDL Mei-
CTBUA pa3paboTynka W npeanaraTh BapuUaH-
THI pellleHus BO3HMKIIMX npobieM B 3aBUCH-
MOCTH OT TEKYILEero KORTeKCTa. OTMeTUM, 4T0
HONOCHEIA MOIXON PeajiM30BaH BO MHOTHMX CO-
BPEMEHHLIX Cpefax pa3paboTkm (Ranmpuuep,
Borland JBuilder, Eclipse, IntelliJ IDEA) nns
TEKCTOBBIX A3BIKOB IPOTPAMMHPOBANIA, HO HE
nna a3wka UML. S

ITpuznanue MHOrUMM BenyluMyu B 06nacTH pas-
pabotxm [10 ¢pupmamu Toro daxTa, 4To mporpam-
MBI HEOGXOMMMO He mUCcaTh “Ha aBOch” (Kak cKasa
no-pycckn na kxondeperrmmm “Microsoft Research
Academic Days in St.-Petersburg, April 21-23,
2004” cosmarens ssmixa Eiffel Beprpan Meiiep),
a4 NMPOeKTHPOBATH, IIOBHILAA ypOBeHb abcTpakiuumy
CpencTB paspaboTKy, NPUBEJIO K MOABJIEHNIO TAKIX
Banpanneswi co3nanusa I10, xak npoekTupoBanue
Ha Oaze Mozmenell u BH3yaJIbHOE KOHCTPYMPOBaHME
nporpamm [14]. '

2. PEAKTUBHBLIE CUCTEMBI

IIupoxmM KITaccoM IPOrPaMMHBIX CHCTEM ABIIS-
I0TCS. DEaKTHBHBIE CHCTEMbl — CUCTEMbI, BHINOJ-
HJIOIME ONnpeneneHHble MNeWCTBUA B OTBET Ha
epemHue cobmiTua. B pabGore II. Xapema [15]
NOKA33HO, WTO IJIS MONEIUPOBAHUS TaKUX CH-
CTEM XOpOIIO NOOXONUT PACIIMPEHHWE IUATPAMM
[EpPEeXOoB KOHEYHBIX ABTOMATOB (HAIpuMep, 3a
CYET NUPUMEHEHWS! BIOXEHHBIX COCTOSHWIA), Ha-
3BaHHOe IMarpammamm cocrosmmit (Statechart).
Ilns nmocTpoeHMs Takmx OMArDAMM M TeHEepAIUH
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KOM& [O H¥M CO3NANE! MHCTDYMEHTAbHKE CPeZiCT-
Ba, MHOTME H3 KOTODHIX NEPEedYMCIeHH B CTa-
tee [10]. B meif, B 9aCTHOCTH, yNOMSHYTH Ta-
xue mECTpyMeHTHI, Kak I-Logix Statemate (http://
ilogix.com/sublevel.aspx?id=74), X3Tek AnyState (http://
www.xjtek.com/anystates/), StateSoft ViewControl
(http://www statesoft.ie/products.btml), SCOPE
(http: // www.itu.dk/~wasowski/projects/scope/),
IAR Systems visualSTATE (bttp://www.iar.com/
p1014/p1014_eng.php), The State Machine Com-
piler (http://smc.sourceforge.net/) [16-21}.

CylmecTBy10T Takxe H IODYTHe HHCTPYMEHTHI
O NeHepDanyu KOOA 110 3THM SuarpaMmanm, Hanpw-
Mep, ONACaHHEIA B pabore [22].

HenmocTaTok 3THX RHCTPYMEHTOR COCTOKT B TOM,
YTO OHM MO3BOJISAIOT CTPOHTH ¥ PEATM30BATH TOMb-
KO MOBEJIEHYECKYI0 YACTh MONENMA mPOTPaMMEl, He
paccMaTpuBas MX CTATHKY. I103TOMY ¢ mOMOIILIO
3THMX HHCTPYMEHTH! MPOrPAMMY B (IEJIOM HE I10-
CTPOUTb.

W3 m37103X€HHOTO CIIEAYET, 9T0 ¢ TOMOMILIO ONHUX
MHCTPYMEHTAJNBHBIX CPENCTB MOXHO NOCTPOUTH
CTATHYECKYIO YaCTh, 4 C IOMOIIBIO PYTHX — TUHA-
Mudeckyo. [I03TOMy BOMpPOC O CO3NAHHM MHCTPY-
MEHTAJIbHBIX CPENCTB I pa3paboTkKhM oOBeKTHO-
OPMEHTHPOBAHHBIX MPOrPAMM B IEJIOM OCTAeTCS
OTKDPBITHIM.

3. HCHOOIHAEMBLIA UML

Jnsa peruenusi ykasaHHO# npobiieMbl, KaK OTMe-
4aJIoCk BhIIIE, BenyTcs paboTel MO CO3OAHHUIO MC-
nosasieMoro UML, B koTOpoM HOMXHEI 6LITE 065~
eNMHEHBI CTATUYEeCKHe M OUHAMUYecKHe DuarpaM-
MBL.

OmauM 13 1OOXONOB K PEIIeHNIO 3TOH mpobiieMbl
ABJIAETCA CO3/laHue 6upmyaavnoli mawuwst UML
[23-25).

B mpoekTe [24] Momens mporpamMMHOH cucTe-
MBI OpeMIaraeTcsi CTPOUTh ClenyiommM obpasom:
CTPYKTYPa TPOrpaMMbl MONEJIMPYETCH € MOMOIIILIO
UML-nnarpaMMer xi1accoB, a moBeneHme — C IO-
MOLIBIO OINUCAHUA KAXIOro MeTONa KaXKIOoro KJ1ac-
ca B Bune UML-zauarpammel nocnenosatersHOCTEI.
Takoit momxoil Npu CIOXHONW JIOTHKE MPHIONKEHUSI
Kpafise seynoben, Tax Kak MPUBOAWT K OMEHb TPO-
MO3IKUM MOOEeJIAM.

B upoexre (25] npennaraerca pacumputs UML
TEKCTOBBIM TJIAT(HOPMEHHO-HEe3aBHCUMBIN AMIIEPa-
THBHBIM A3BIKOM JIJTA OMUCAHUN ACUCTBUIL, YTOQ IPH-
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BOIUT K MEPETPy3Ke rpapmyeckux MUarpaMmM Tekc-
TOBOH MHEGDOpPMAITAEI.

Cpenu NpOMBINIIEHALIX PaspabOTOK Azes UCIIOJ-
agemoro UML peammsoBana B mpoekre Telelogic
TAU2 [26]. Onnaxo T8 Kax TOT MPOEKT SBJIAETCS
3aKPBITHIM, TO C HAY9IHOM TOYKH 3pEHH OH He IIper-
craBigeT wHTepeca. Takie 3aKPHTHIMA ABIIFIOTCSH
1 uHCTpyMeHTanbHEEe cpeacTea IBM Rational Rose
u Borland Together.

IloaToMy mHTEpec mMpencTaBiAseT MPOEKT C OT-
KpuThiM mexonmbiv komoMm UniMod (http://uni-
mod.sourceforge.net), KOTOpHI JIEXHAT B OCHOBE Ha-
cTosAlIeH paboTHL.

Ilasiee B CTATHE OMACHIBAECTCSA HCIIOIHAEMBIA I'Da-
¢buyeckmidi A3BIK, OCHOBAHHBIA HA HCIOJIL30BAHUN
UML-soTammm, MeToJ HOCTPOeHMS ABTOMSTHBIX
IporpaMM HA €ro OCHOBE H HHCTDYMEHTAIbHOe
cpencTBo UniMod ans nonnepxxu 3Toro merona.

4. WCHOJIHAEMBIA 'PAPUUYECKHNN SI3bIK
U METOII IIOCTPOEHUSA
ABTOMATHBIX IPOI'PAMM
HA EI'O OCHOBE

B pa6ore [27] Gbln mpensioxen MeTOA MPOCKTH-
POBAHUS TPOTPAMM C ABHLIM BBHIIETIEHWEM COCTOS-
i, HazpaHHBA SWITCH-Texnonoruei, wim as-
TOMATHBIM UporpaMMupopasuem. B pambmeifinen
3TOT MeTorn OBl pa3sBUT ANA COOBITHMHBIX CHCTEM
(28], a moToM W M OGBEKTHO-OPHEHTUPOBAHHEIX
(29].

OcobeHHOCTH 9TOr0 MeTO[A COCTOHT B TOM, WTO
NporpamMmel MpeyIaraeTcs CTPOUTh TaK XKe, Kak
BBITIO/THAETCS ABTOMATH3AIMS TeXHOIOr M4eckux (u
He TOJBKO) IIPOIIECCOB, B XONE KOTOPOH NEepBOHA-
YaJIbHO CTPOMTCA CXeMa CBfA3€H, colepiKaluas uc-
TOYHMKH WH(POpMAIIMH, CUCTEMY ynpasBiieHus, 00b-
eKTHI YIpaBJieHHsA U oOpaTHbIE CBA3M OT YIPABIIs-
eMbIx 00LeKTOB K cucreMe ynpapienus. B mpemia-
raeMoM IOAXOMe CHUCTeMa YIIPaBJIEHHsA Peajiu3yer-
Cs B BUIE CUCTEMBI B3aNMOIENACTBYIOIIMX KOHEYHBIX
ABTOMATOB, KaXXIbId U3 KOTOPBIX HMEET HECKO/ILKO
BXOIIOB M BBLIXOZIOB.

SWITCH-Texuonorus onpenenseT s Kaxkio-
ro aBpTOMaTa MABAa THMa OUarpaMM (cxema CBs-
3eii ¥ rpad nEpexoroB) M MX ONEPALHOHHYIO
ceMaHTHKy. Ilpy HanmMuum HECKONBKMX ABTOMA-
TOB IPEMIVIOKEHO TaKyKe CTPOHTh CXeMy MX B3a-
pmoneficTeua. Jnd  Kaxmoro THNa OuarpaMm
npemtoXkeHa cooTBercrByomias notamus (http://
is.ifmo.ru/?7i0=scienced il=minvuz2).
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Apropamm BacTosuiein paboTel npennaraerT-
¢, COXPaHWB aBTOMATHBIA MONXOHN, MCIOJIb30BATH
UMIL-goTammo npn NoCTPOEHNM QUarpaMM B paM-
kax SWITCH-rexnonorun. [Ipu 3TOM, MCHOONB3YA
soTammio UML-puarpaMMm kiaccoB, CTPOATCS CXe-
MBI CBSI3€H aBTOMA4TOB, KOTOPbIE€ OHPENEIAIOT HH-
Tepdeiic aBTOMATOB, a rpadsl NepexonosB CTPOAT-
¢ ¢ noMolbio HoTamunw UML-ararpammMer cocrox-
Huid. ITpu HaIMYNM HECKOJILKMX 4BTOMATOB MX CXe-
Ma B3aHMONEHCTBHA He CTPONTCH, a BCe oM n300pa-
XKaloTcs Ha nuarpaMMe kiaccoB. Jluarpamma kiac-
coB (kax cxema cBS3efi) M IMATDAMMEl COCTOSHUAR
obpasyioT npenyaraeMblil rpadudecKni A3bIK.

Ilna npoexTMpOBaHUS NPOrPaMM Ha OCHOBE 3TOIO
A3blka aBTOpaMi NpeJiaraeTcs CIeny Il MeTo:

® Ha OCHOBE aHAJIN3a NpeaMeTHOH obiacTu pas-

pabaTeIBaeTCA KOHLIENTyaJIbHAaA MOMIeJIb CUCTe-
MBI, ONpeNessiouas CyLUIHOCTH M OTHOIIEHUs
MEeXIy HUMM;

¢ B OTJIMYHE OT TPAOHLRUOHHLIX 017 O0LeKTHO-
OPMEHTHPOBAHHOIO IIPOrPAMMMPOBAHMsS IOMN-
xonos (9], 3 Yncna CymmHocTeR BHIIENAIOTCH
NCTOYHHUKHM COOBITHIH, OOBEKTHl ynpaBlleHus U
apTomaTel. Merounnmky coOnITHE aXTHBHH —
OHM 110 COOCTBEHHOM MHUIMATUBE BO3IENHCTBY-
10T Ha aBToMaTh. OOBeKTHl yIpaBiIeHus nac-
CUBHLI — OHHM BBEINOJHAIOT OEHCTBHA IO KO-
MaHnaMm oT aBToMaToB. O6LeKTHl ynpasieHns
TaKxe MOryT QOpMHpOBATH 3HAYEHHS BXO-
HBIX [IEPEMEHHBIX HJI aBTOMATOB. ABTOMATHI
aKTUBUPYIOTCI HMCTOYHHKAMHM COOBLITHE M Ha
OCHOBaHUMM 3HAYEHUM BXONHBIX NEPEMEHHBLIX M
TEKYIINX COCTOAHMH BO3NEHCTBYIOT HA OOBEK-
Thl YIPaBJeHNs, 1Iepexons B HOBble COCTOSHMA;

® UCIONb3ys HOTAIMIO OUArpAMMEI KIIaCCOB,
CTPOHTCSH CXeMa CBA3ed aBTOMATOB, 380aI0LIaA
uHTepdeiic xaxmoro mx Hmx. Ha sToil cxe-
Me CiieBa 0TobpaxaloTca HCTOYHRKH COOBITHIA,
B LEHTpPE — aBTOMAaThl, & COpaBa — OBBEKTHI
yopapnenns. McToaauxy COBBLITHIE € HOMOIIBIO
UML-accommanmii CBA3LIBAIOTCA ¢ aBTOMATa-
MM, KOTODELIM OHHM HOCTABIATIOT CODRITHE. AB-
TOMATBI CBA3BIBAIOTCA ¢ OOBEKTAMHM, KOTODLI-
MU OHM YIPABJIAIOT, & TaKXe C ADYTHUMHA aBTO-
MaTaM#, KOTOpble OHM BBI3BIBAIOT WIH KOTO-
PhI€ BJIOXKEHBI B MX COCTOSHEA;

® CcxeMa CB#A3e#d, KpoMe 3amaHus HHTepbheii-
COB 4BTOMATOB, BRINIOJIHAET DYHKIIMIO, XapakK-
TEePpHYIO OJid OuarpaMMbl KJIacCoB — 3alaeT

00BLEKTHO-OPMEHTHPOBAHHYIO CTPYKTYPY NIpO-
I'PaMMBI;

KaxKIbelll OOBLEKT YIPABNEHUS CONEPXKUT NBA
THIIA METONOR, PEaJIM3yIOIIMX BXOAHBIE [epe-
MeHHBI® (Xj) U BRIXO#HBIE Bo3nelicTBus (zk);

IS KaXJOr0 aBTOMAaTa ¢ IIOMOLLBLIO HOTAIMH
IHMarpaMMbl COCTOAHME CTpOMTCA I'pad mepe-
xonoB Tuna Mypa-Muau, B KOTOpOM Iyrd Mo-
r'yT 6HITH DOMeYeHbI cobbhiTneMm (ei), OyieBoi
(opMyION U3 BXOARLIX NEPEMEHHBIX U HOpMH-
PYeMBIMHM H&E [I€PeXoaX BbIXOOHBIMH BO3OeCH-
CTBHSAMIL;

B BepIIMHAX MOLYT YKa3blBATLCH BHIXOXHLIE
BO3JIiICTBMA, BBHINOJHAEMbLIE IIPU BXOHE B CO-
CTOSHHE, M MMEHA BJIOKEHHBIX aBTOMATOB, KO-
TOpbl€ AKTHBHBI, IOKAa AKTUBHO COCTOSHHE, B
KOTOpO€ OHM BJIOKEHLI;

KPOME BJIOXEHHOCTH, ABTOMATHEI MOrYT B3au-
MONEHCTBOBATEL IO BhI3biBaeMOcTH. Ilpn 3Tom
BRIZLIBRIOIIMIT aBTOMAT NEPERaeT BLI3LIBAEMO-
My coObITHE, YTO M yKa3bIBaeTCs Ha Iepexole
MI¥ B BepHIMHE B BHJE BEIXONHOI'D BO3NEHCT-
Bus. Bo BropoM ciiygae noceiiika cobeITHS BI-
3BIBAEMOMY ABTOMATY NPOMCXOOUT NPH BXOOe
B COCTOsHME,

KaXOblll aBTOMAT HMMEeT OIHO HAYAJILHOEe W
TNIPOU3BOIILHOE KOINYECTBO KOHEYHBIX COCTOS-
HAMH;

COCTOARHAA Ha rpatpe nepexono Moryr OuITh
OPOCTHIMH M CNOXHBIME. Ecium B cocrosame
BJIOXKEHO APYroe COCTOAHME, TO OHO HA3LIBA-
erTcs CIOXHEIM. B IpOTHBHOM ciIydae COCTOS-
Hye npocToe. OCHOBHOA OCOBEHHOCTEIO CII0XK-
HbLIX COCTOSHMI SBIISETCH TO, YTO HAJIMYHE Y-
TH, HCXONIIIEHA U3 TAKOI'0 COCTOSHUS, 3aMeHs-
€T OMHOTUINHLIE MYTH U3 KAXIOr0 BIOXEHHOTO
COCTOSAHAS;

BCE CJIOXKHBIE COCTOSHMS HEYCTOMYMBHI, & BCE
IIPpOCTHIE, 3a MCKIIOYEHWEM HAadajbHOIro, —
ycroduupel. IIpm HaIMYum CIOXHBIX COCTO-
SHEA B aBTOMATE mOABJIEHHE COORITHA MO-
XeT OPMBECTH K BRIIOJAHEHUI0 60llee OMHOro
nepexoia. JTO MPOUCXONHT B CBS3M C TeEM,
9TO CIIOXHOE COCTOSAHME SBJISETCA HEYCTONYM-
BLIM H aBTOMAT BLINOJHsET Nepexoasl OO Tex
1IOp, NMOKa HE NOCTMIHET NEepPBOr0 M3 MPOCThIX

INPOTPAMMUPOBAHUE N26 2007
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Lo .
s T ¥ E2: Smng = "e2” {Connect button press....
T L] ¥ B100: Seing = " 190" (Window dased)

«» 13 void Update users st}

® o4 voud {Add replics to dialog el

@ iz voud {Update ctatus e and comnect butsan o connectsd)
4 @ 28t void {Update status ine and oonnect butson 0 deoormwcted)

% A RN N e A ) s |

R

# x1: booksan {Is config vtiskaation successhul}

elfolzl, ol.23

o
i

A i S ! i
B Conmectuny |47 a1

{ 1

A o R : 08 550

e —®
fo3.x1] o226 {1 i
ek T €23 0224
f | 1 e i,
B i 5
S el fatadeRae S PRATRES
e eﬂlhzis:- e A el oty
i i & 1 -

Puc. 2. Ilpumep rpada mepexonoe aBTomMarta.

(yeroitamBbix) cocrosamii. OTMeTHM, 9TO, €c-
1 B rpade epexoos CIOKHLIe COCTOAHMSI OT-
CYTCTBYIOT, TO, Kak ¥ B S WITCH-rexuonoruu,
PN KaX/OM 3aIyCKe aBTOMATAa BBIIOIHACTCH
He Gosiee OOHOIO MEpexoma;

KaXKIas BXOOHAA INepeMeHHas M KaxJJoe BbI-
XOIHOE BO3HEHCTBHE SABIAIOTCA METONAMU CO-
OTBETCTBYIOLIETO 06beKTa YIpaBJIeHNs, KOTO-
phle PeanmM3ylTCs BPYYHYIO Ha LEJeBOM si3bl-
Ke nporpamMmmuposanus. Vcrounukn cobbrTmit
TaKXXe Pealn3yloTcs BPYUHYIO;

NPOIrPAMMWPOBAHUE N26 2007

® HNCIOJB30BaHWEe CHMBOJIBHEIX ODO3HAYeHHUU B
rpadax mnepexonoB NO3BOJAET BeCbMa KOM-
MAKTHO OIMCBHIBATEL CIIOXKHOE MOBeeHHe IIpOo-
eKTHpyeMBIX cucTeM. CMBICT TaKuxX CUMBOJIOB
3anaeT cxema caseil. [Ipu masenenun Kypcopa
Ha COOTBETCTBYIOILIMNA CUMBOJI Ha rpade mepe-
XOIIOB BO BCIVIBIBAIOLIIEN MONCKaske oTobpaxa-
€TCsA ero TEeKCTOBOE ONHCAHUE.

IIpennaraeMelif MeTon MO3BOJIAET CHPOEKTU-
pPOBaTh NpPOrpaMMy B LEJIOM.

Ha puc. 1 npusenen npumep CXeMbl CBA3CH ABTO-
MaTa, a Ha puc. 2 — ero rpad nepexonos.
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Onuiem CHHTAKCHAC M ONlePAIlMOHHY 0 CEMaHTHKY
npenaraeMoro rpauyeckoro A3nlka.

4.1. Cunmaxcuc

I1;1st TEKCTOBBIX A3LIKOB IIPOTPAMMMPOBAHUS CHH-
Takcuc OOBLIYHO OMHUCHIBAIOT € MOMOMILIO GHOpMaIlb-
Hpix rpammaTuk. UML sBnsercs rpaduyueckum
A3BIKOM ¥ MCIOJIb3YeT OPYTOM MOMXOM: ONMCHIBAET-
csi MeTa-MOIelb, 3aNal0Ilas MHOXKECTBO IPaBUIIb-
HBIX MOIEJIeil, a 3aTeM onpenensioTcs rpadudeckue
MPUMHUTHUBLI, COOTBETCTBYIOLIIHE 3JIEMEHTaM MeTa-
monenu. JluarpaMMbl CTPOSTCS U3 YKA3aHHLIX IPH-
muTusoB. Cama meta-monens UML onucana ¢ mo-
MOLIIBIO BHICOKOYPOBHEIO CpeACTBa 3anaHUs MeTa-
mopeneit — MetaObject Facility (MOF) [30].

[lpennaraempiit rpadmueckmit I3bIK, Kak OTMe-
4EHO BhIE, MCHONb3yeT ToNbKo npa Tuna UML-
AuarpaMM, a CJIeNOBATeNbHO, He BCe 3JIeMEeHTHI
MeTa-monemu. dopManbHOE OmMCaHWE WCIONIb3ye-
Mmoro noomuoxecrsa UMIL-MmeTa-Monenu apnseTcs
CIIMCKOM 3JIEMEHTOB MeTa-Monenu. Takoe onucaHue
3aHs710 ObI CIMIIIKOM MHOIO MecTa 1 6b110 681 TPy n-
HO yuTaeMmbiM. [To3TOMY Rajiee MpUBOAMTCH CONEp-
JKATeJbHOE OlMCAHNEe YKA3aHHOrO MONMHOXECTBA.

Monens cucremsl, B pamkax mpoekTa UniMod,
COCTOUT W3 ONHOM NMArpaMMbl KJIACCOB, Ha KOTO-
poit 1306pakajoTCs KIIACCH CO CJIENYIOLIMMM CTe-
peorunamm: EventProvider — mcTOYHUK COGBITHIA,
StateMachine — asromaT u ControlledObject — o6~
€eKT ymnpapiieHusa. Mexny ykasaHHBIMH CTepeOTH-
NaM#y BO3MOXHO HAJIM4YMe HAIPABIEHHBIX ACCOLMa-
Ml (Iyra co CTPENKOR ONpENelIeHHOro BUla) Tpex
THIIOB: OT MCTOYHMKA COOLITHH K aBTOMATY, OT aB-
TOMaTa K 00bexTy ympaBjeHHMs M OT aBTOMaTa K
aBTOMaTy. ACCOmMANMH NO/IKHEI 6LITH IMOMEYEHH
METKaMMI — HIeHTAPHKATOpaAMH.

st KaxI0ro aBToOMAaTa, H300paskeHHOIO HA 1A~
rpaMMme KJIacCoB, HeoOXONMMO CO3ZaTh IHarpam-
My cocrosHami. Ha 3TOl nmarpamme moryT u3o6-
paxaTbCsd HayaJbHBIe, KOHEYHBIE, OIDOCTLIE M CO-
cTraBHble cocTogHEUA. COCTaBHBEIE COCTOSHAS MOT'YT
COIePXaTh BHYTPH ce0d CoCcTOAHMSA MOOLIX OpYTUxX
THIIOB.

[Tepexonsl MeXTYy COCTOSHASAMA MOTYT MMETH O~
METKH BHIA:

el(ol.x1 && 02.x3 > 10]/01.z1,
02.z2, A2.e2

3neck el — HaszBanue cobuITHA; 01 — mOeHTAdUKA-
TOp, HOMEYAIOMIHN ACCONHAUNIO, KOTOpas BeUeT K
nepsoMy 00BeKkTy yupasieHus; x1 — Meron obb-
eKTa YIPABIEHHA, BO3BPAIUAIONINI 3HaYeHNe THIa
boolean wmu int; z1 ~ meron obwekTa ynpasse-
aud; A2 — AReHTROHKATOP, NOMEYaoUINg acConn-
aIMio, KOTOpasi BeNeT K BHI3LIBAEMOMY ABTOMATY;
@2 — cobuITHE, HOCHIIAEMOE BBEI3LIBAEMOMY ABTOMA-
Ty A2. B xBanmpaTHBIX ckoOKax 3amaeTcs ycClloBue
cpabaTpiBanus nepexona (oXpaHHOe yciaosue) — Gy-
nepa dpopmyna.

BryTps npocTEIX COCTOZHENA MOI'YyT ORITE YKa3a-
HEI IEACTBNS, BHINOJIHAEMBIE DX BXOHAE B COCTOM-
Hpe, KOTOPHe 3alMChIBAIOTCA B BHne cTpokm. Ha-
IIpuMep,

ol.21, 02,22

JleitcTBNA, BEIIONHIEMEIE IIPY BLIXONE U3 IPOCTHIX
COCTOSHHMH, OITMCHIBAEMbIH SA3bIK HE IO NeDKUBAET.

Kax ormevanocs Bullze, BEy TPM IPOCTHIX COCTO-
STHUT TaKXe MOXEeT YKA3hIBATLCA M CIIMCOK BJIOXKEH-
HBIX ABTOMATOB. v '

UML-cocrosiHus ¢ Mapajljle/IbHEIMA DErMOHAMM,
OTPaXXalOLMMA NApAJUIeIH3M, HE MONNEPKABAIOT-
cs. DTOo CBA3aHO € TEM, YTO “mpoekTupoBanue 06b-
eKTOB C OOHHM NOTOKOM YIPABJIEHUs SBIISIETCH IO-
CTATOYHO MPOCTHIM, & NI OTpaXKeHus NapaJlesns-
Ma CJleIyeT MCIOIb30BATh HECKOJILKO NapajllebHO
ncrnonHseMbix 06bekToB (y Hac — ABTOMATOB — NPH-
Mmeuanye aBTopor)” [31].

4.2. Onepayuonnag cemanmuxa

3azjaquM OEPAIMOHHYI0 CEMAHTUKY MOy CUC-
TeMhI, MOCTPOCHHOH OMMCAHHEIM BhIIIe 00pPa3OM,
KOTOpas YHNOBIETBOPAET ONpeNeeHHOMY CHHTAKCH-
cy:

® IpH 3amycKe MONEJIH WHHIMAIU3UDYIOTCS BCe
MCTOYHUKHA COOLITHH M OOBEKTHl YyOpaBleHHA.
Ilocse 3T0or0 McTOYHMKE COOLITHA HAYMHAIOT
BO3NERCTBOBATH HA CBA3aHHEIE C HUMH aBTO-
MATHI; '

® KaXIbIi aBTOMAT HaYMHAET CBOIO pabory u3
HaA9aJILHOI'O COCTOAHMA, a 3aKaHINBaeT — B Ol-
HOM U3 KOHEYHBIX;

® IIpH NOJy4YeHWH COOBITHS aBTOMAT BHIOMpaer
BCe HCXOOALME H3 TEKYIIero COCTOAHHA mepe-
XOMBL, NOMEYEHHEIe CHMMBOJIOM 3TOrN0 COOBITHS;

NNPOCPAMMUPOBAHHME, N26 . 2007
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Puc. 3. CrpykTypHas cxema HHTEPHPETAIMOHHOIO MOAXOIA.

e apromat nepebupaer BhiOpannbie nepexonbi u
BuIuHCasgeT OyneBnl GOPMYJIBI, 3AIHCAHHBLIEC HA
HUX, [0 TeX nop, Noka He HalpeT popmyny co
3HAYEeHuEM true;

e ecilM mepexo ¢ Takol GopMyioil HailleH, aBTo-
MAT BLITONHAET BEIXOAHLIE BO3ACHCTBUSA, 31~
CaHHEIE Ha Oyre, u nepexonu'r B HOBO€ COCTO-
aune. B HeM ABTOMAT BAITIIONHAET BLIXOAHBIE
BO3JIEHCTBHs, & TAKXKe 3allyCKAeT BIIOXKEHHBIE
apToMaThl. Fcnim HOBOe cOCTOfHUIE OKa3alloCh
COCTABHBIM, BBINOJIHAETCH IIepexon H3 HAYaJIb-
HOTO COCTOSIHMSA, HAXOOAILErocs BHVTDM [aH-
HOI'O COCTABHOTO COCTOSHHUS;

¢ eC/IM CpeOH BBIXOOHBIX BO3HEHCTBII BCTpEYa-
eTCH BhI3LIBAEMBINA ABTOMAT, TO OH BBI3BIBAET-
¢ C COOTBETCTBYIOIINM COOBITHEM:

e ec/iu mepexoj He HaileH, TO aBTOMAT IpofoIl-
AT IMOMCK IIEPEX0/ia Y POMUTENbCKOIO COCTO-
SHUSL — COCTOAHUS, B KOTOPOE BJIOKEHO TEKY-
€€ COCTOSHMUE;

e [IpH epexone B KOHEYHOE COCTOAHIIE aBTOMAT
ocTaHABIMBaeT Bce MCTOUHHMKYM cobGuiTuit. Ha
9TOM paboTa CUCTEeMbl 3aBEPIIACTCH.

i

HPOrPAMMUPOBAHKME N=6 2007

Bonee nogpobuoe u dopManbHOe onucaHune one-
PALMOHHOM CeMAHTHKHA MpuBeneHo B pabore [32].

Onucap UCIOAHAEMBIN rpadUIecKnil A3bIK HA OC-
Hope UML-HOTALIMM, €10 ONEPALMOHHYIO CeMAHTH-
Ky M METOH ero MCIO/Ib30BAHHSA, MepefneM K orm-
CaHMIO MHCTPYMEHTAJILHONO CPefCTBa IUIA Peaiu-
3a0Ud 3TONO METONa.

5. UNIMOD - HHCTPYMEHTAJIBHOE
CPEACTBO IJid IOIOEPZKKH
ABTOMATHOI'O ITPOI'PAMUPOBAHWS

UncrpymenTtansraoe cpeactso UniMod obecne-
YUBaeT PpA3pabOTKy ¥ BBIMOJNHEHHE ABTOMATHBIX
nporpamm. OH 1103B0/IAET CO3NABATHL M PENAK THPO-
BaTs UML-muarpamMMbl KJIACCOB M COCTOSHHI, KO-
TOpBIE COOTBETCTBYIOT CXeMaM CBaAsed u rpadam
[IEPEXOIOB.

TlpoekTupoBaHue MPOrpaMM C MCIOJIL30BAHUEM
3TOr0 CpeacTBa, KAK OTMEYECHO BbIlIE, COCTOUT B
CIIenyIoLeM: ImoBenexHue ﬂpHHO}KGHHH QIIACkIBaeTCA
CHCTEMOI B3aIMONENCTBYIOIUX aBTOMATOB, 3a1aH-
HBIX B Bujie HAGOpa yKa3aHHBIX BbIIIE JUAI'DAMM,
nocTpoeHsbix ¢ menonszopanueM UML-noTauum.
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Puc. 4. CtpyxTypnas cxema KOMNMIATHBHOIO MNOIXOMIA.

Merounuxu coburtnit u OOLEKTH yIpaBieHus pe-
AJIM3YIOTCH BPYYHYIO HA LIEJICBOM S3BLIKE NPOrpaM-
MUPOBAHKA.

PaccmarpuBaemoe nHCTpyMeHTalIbHOE CPeCTBO
NOANCPKABACT [B& OCHOBHBIX THIA pPeaTi3aliuu
NOCTPOEHHBIX OUarpaMM — MHTEPIIPETAIMIO 1 KOM-
IHIAHAIO.

5.1. Humepnpemayus

MuTepnperanmonnsii MOAXON peanusyeT supmy-
aavnyro mawuny UML.

Ha pmuec. 3 npusenena crpykTypHas cxema s
MHTEPIIPETAIMOHHOIO MOAXOMA.

Kak cnemyer u3 puc. 3, mpm nCHOIB30BAHMA
MHTEPIIPETAIMOHHOIO NOAX0AA MCXOMHBIM KOIOM
asiaoTca UML-monens (cxemul cazeit u nua-
rpammel coctoaruit no SWITCH-rexnonoruu) u
Java-kon mcTouyHMKOB cO6bITMII M O6BLEKTOB
ynpaBJIeHus.

Ilpn 3amycke nporpaMMel HHTEpPNPETATOp, BXO-
nAumi B coctas cpenctBa UniMod, sarpyxaer B
onepaTuBHyio namaTe XML-onncanme mopmenu u

CO3aeT JK3eMINADLI HCTOUHNKOB CODLITHRA ¥ 06L-
€KTOB ynpaBileHus. Y Ka3aHHBIE NCTOUYHUKHM (OPMU-
Py1OT CODBLITHS M HANPaBIAIOT UX UHTEPNPETATO-
Py, KOTOpeI 06paGaThIBA€T MX B COOTBETCTBHH C
JIOrMKON, onuchbiBaeMon apromaramu. [Ipn sTom as-
TOMATHI BBI3LIBAIOT METONLI OGBEKTOB yIpaBleHus,
peaym3ylollide BXOIHBIE NEPEMEHHbIE M BLIXOMHLIC
BO3IENCTBHA,

5.2. Komnuasyus

Ha pmc. 4 npuremesa cTpykTypHAs cxema s
KOMNWJIATHBHOIO [10AX0I1a.

Hpu acnoab3oBaHUH KOMIMIATRBHOTG HOAXGHA
UML-monens memocpencTseHHo npeobpasyeTcs B
KOZl Ha IEJIEBOM HA3BbIKe NPOrPaMMHUDOBARMS, KOTO-
PBIfl BHOCTIEACTBUM KOMIIAIMDYETCH M 3AILyCKAeT-
cs. Ilns npeobpa3opanus B KON NpUMeHSIOTCS Iab-
noust Velocity [33]. Do nossonser anantuposaTs
KOMIIMJIATHBHBIA TIOAXON IJISA A3BLIKOB IIPOrPAMME-
poBaHusA, OTIIMYHEIX OT sA3bika Java, 4To u 6BLIO
cnenaHo aBTopamu s a3bika C++, npumense-
MO0 TpH CO3NAHUHN NPHIIOKEHUM I MOGHILHBIX
YCTPOHCTB.

MPOTPAMMUPOBAHUE N26 2007
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Puc. 5. Henoctuaxnmoe cocTosnne Ha rpade nepexonos.

Ykazauubuli nomxon ueiecoofpazdo npUMEHAThH
A YCTPOWMCTB € OFpaHUYEHHBIMH pecypcami.
DTOT NOAXOHN ABMACTCH THIMYHLIM 1A KIaccu-
yeckonr” SWITCH-rexnonorun.

6. PEAJIM3ALMA PENAKTOPA
JTUATPAMM HA THIATOOPME ECLIPSE

PenaxTop ANA CO3NAHAA YKA3AHHBIX IHArpaMM
ABIAETCA BCTpamBaeMpiM MoxyneM (plug-in) mis
anardopmur Eclipse (http://www eclipse.org). Ora
mnardhopma obnamaer psOOM OPEHMYIIECTB IIe-
pell TAKMMU NPOAyKTaMmu, Kax, Hanpumep, Intelli]
IDEA mnu Borland JBuilder, Tax xax:

e sppfgeTcs GeculIaTHLIM TPONYKTOM C QTKPGI-

THIM MCXOIHBIM KOIOM;

e comepxuT Gubnuoreky s paspaboTKm rpa-
¢uaecknx penakropos — Graphical Editing
Framework;

e axTMBHO HomaepxupaeTes Gupmoit IBM n yxe
cenvac obnagaeT He MeHpILUel QYHKINOHAIIbL-
HOCTEBEIO, Y€M yn{}MHHYTbIGE BBLIIIIE AHATOTHA.

MPOI'PAMMUPOBAHNE N%6 2007

Ilna obecriedenns npOIECcCa AKTUBHON Pa3paboT-
KU MPOrPAMM Ha TEKCTOBBIX A3bIKAX B EPEYUMCIICH-
HBIX BbIlE CPEICTBAX Pa3pabOTKH Deajin30BAHbL:

e [IO/ICBETKA CEMAaHTUYECKUX M CHHTAKCHICCKUX
o1nboK;-

e JapepIlicHME BBOAA W WCHpaBnexue ommbox
BBOIA,

e (opmaTupoBanue n pedakTopunr [34] xona;

e UCIOJHEHHEe M OTJIAAKA NPOrPaMMbl BHYTDH
cpensl pazpaboTki.

B aHrjamiickom s3plKe 3TH BO3MOXKHOCTH Ha-
spiBafoTcs “code assist”. Ilpm cosmamum mMoOmyJis
s nutardopmel Eclipse apTopel peanu3oBany yKa-
3aHHBIE BO3MOXHOCTHU IJIsi PEeNaxTUPOBaHMA Iua-
rpamMmM.

6.1. Baaudayus moodeau

Jsts TeKCTOBBIX S3LIKOB IPOrPAMMUPOBAHUA De-
IAKTOPBI OCYIIECTBISIOT IPOBEPKY NPHHAMLICHK-
HOCTH TPOrPAMMBI K 3aaHHOMY A3LIKY M BbIIE-
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Add transition from state [Start] to state [Error)
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Cancel

Puc. 6. [Ipennaraemble BapraHTH MCIIPABJIEHNsA OLUIMOKH Ha OHATrpaMMe.

10T (NOICBEYMBAIOT) MeCTa B KOMIE, CONEpPXKa-
nme cunTakcuyeckue owmbku. K cemanTmuecknm
ommbxaM 1 TeKCTOBLIX SI3LIKOB IIPOrPAMMMPOBa-
HHUsL OTHOCHTCS, HAlPUMEP, MCIOIb30BaHNEe HeOOb-
IBJIEHHBIX NIEPEMEHHBIX, BHI30BhI HECYIIIECTBYIOLLINX
METOIOB, HEKOPPEKTHOE NPUBEIEHNE THIIOB.

B crannapre Ha a3mixk UML cuaTakcuc u cemas-
THKa OUArpaMM ONpeNesaioTcs HabopoM orpaHnyde-
HMIA, 3aIMCAHHBIX HA A3bIKe OGBEKTHBIX OrpaHuye-
unit (Object Constraint Language). Haunsiit nabop
OrpaHNYeHHH IOIKEH YAOBIETBOPATHCA IJIs 1060i
NPABMJIHO MOCTPOEHHON nuarpaMmsel. ViMenHo Ha
5THX OrPAHUYEHHMAX U OCHOBAHA NIPOBEPKA CHHTAK-
CHCA ¥ CEMAHTHUKY [UATDAMM.

ABTOopamMu npemaraeTcs paciiMPpUTh MHOXECT-
BO OIpaHMYEHMHA clenyonmm obpasom:

® BCE COCTQAHMA Ha OUHarpaMme COCTOSHUN
JIOJKHBI OBITH JOCTHXHMBI;

® MHOXECTBO MCXOISLIMX NePexXOonoB As Joboro
COCTOSAHNA NOJIXKHO OBITH IMOJTHO U HENIPOTUBO-
Pe4YuBo. IlonuoTa 0O3Ha4daeT, 94TO IJId KaxJoro
COOBITHS AM3BIOHKIMS OXPAHSIOIIMX YCIOBUM
Ha BCEX Oyrax, MCXOOSAIINX M3 pacCcMaTpuBae-
MOIO COCTOSHMs, TOXJIECTBEHHO PaBHA eIWHH-
ne. HenmpoTuBopeunBocTh 03Ha4YaeT, 9TO NPH
obpaborke moboro cobbITHA HE CYLIECTBYET
TIEPEXONOB, KOTOPhIe MOTYyT OBLITH BHIIOTHEHE
OIMHOBPEMEHHO (MCHONIBL3YIOTCA TOJILKO HeTep-
MUHMPOBaHHbIE KOHEYHbIE ABTOMATHI).

OnucaHHBIE OrPaHUYEHMS 330AI0T YCJIOBUA KOP-
pekTHOCTH. IIpOBEpKa KOPPEKTHOCTH IUATDaMM
IIPOMCXOOAT cieayroumM obpaszoM. B ¢onoBoMm pe-
JKMMe 3alyCKaeTcA NpoIecc, KOTOPBHIA IpH JIIo-
60M M3MEHEeHUH DUarpaMMEl IPOBEpPSAeT yKa3aHHbIE
ycaoBus. [Ipu Haxoxnennn ommbKy HEKOPPEKTHBIA
3JIeMEHT Ha AuarpaMme BoinmenseTcs useroM. Ha

MPOrPAMMUPOBAHHE N26 2007
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Puc. 7. Ornanouynas ceccus.

puc. 5 mpuBeneH NMPUMED AuArPaMMhl ¢ HEOOCTH-
JKUMMBIM COCTOAHMEM.

6.2. 3asepuienue ssoda
u ucnpasaenue owubox s6oda

TpaauumonHo, A TEKCTOBBIX A3BIKOB IPOrpaM-
MUPOBAHUA 3aBepiiieHie BBOOA COCTONT B TOM, 1TO-
OB1 1O 3aaHHOMY Ha4aJly JIEKCEMBI ONpeNelIuTE Ha-
60p AOMYCTUMBLIX KOHCTPYKUMAN, npe@ukcoM KOTO-
phIX maHHOe Hayasno seisercs. [Ipm sTom moms3o-
BATENIO MPeANarasTca BeIOpaTE OOHY H3 JIEKCeM.

B TekcToBbix a3bikax McrnpaBienne ommbox BBO-
14 COCTOUT B TOM, YTOOBI MIIA KaXKNOH HAOEeHHOM
olmbOKM yKa3aTh MOJIb30BATE/II0 BADHAHTHI €€ MC-
[IPaBJICHUS.

B npennaraemom rpaguyueckom A3pike 06a 3TH
MOAXOHA MCHOJNB30BAHLI IPU PENAKTHPOBAHHHI [10-
METOK HGPEXOJIOB.

Beuay Toro, 4To npemyiaraeMbiil S3bIK HApAMy C
TEKCTOBOM MHGpOpMAlHeH CONEPKUT TakXKe u rpa-
¢uyeckyo uHOPMAIUIO, NONOJIHUTEILHO BHIMIOJI-
HAETCA MCIpaBlieHue rpadguyecKux oumboK BBOIA.
Takx, niis HEOOCTHMXKHUMOIO COCTOSHHS, IIPEACTaB-
JICHHOI'O Ha pHC. 5, II0JIL30BATEIO OyIeT NPeaIoxe-
HO NOOABUTEL MEpPEXod B 5TO COCTOsHIE K3 JI0O0ro
pocTmxuMoro (puc. 6).
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6.3. dopmamuposanue

PopmaTupopanue kKoma obiierdaer €ro 4TeHHe.
Muorue TeKCTOBBIE PeNaKkTOPhbl NO3ZBOJAIOT ABTO-
MaTHYeCcKu GopMaTHPOBATH KOI.

AsanoroM popMaTHPOBAHMA KONA IPUMEHNTE b~
HO K JMArpaMMaM, [0 MHEHHIO 8BTOPOB, SB/IAETCA
ux yxaaaka (layout), Sanaga ykaanks muarpamm
SB/IAETCA CYLLEeCTBeHHO Oojiee c0XkKHOM, YeM dop-
MATUPORAHME KONA, TAK KoK OOLIenpuHsiTLIC dCTe-
THYECKHe KPUTEPUH Ka4ecTBa YK/IaJIKU OTCyTCTBY-
10T, B mpoexte UniMod packnanka guarpamm suni-
HOJIHAETCS METOHOM OTxkura [35], xoTopsii maer
VIOBIETRBOPUTEIbHLIE Pe3yAbTaTh, NpyU Heoldxoan-
MOCTH YIIy4IlIaeMble BPYUYHYIO.

6.4. Henoanenue modeau

TpanuimMOHHO HCHIONAL3YIOTCA CJCHYIOLINe Ba-
PHAHTHI MCIOJTHEeHUS MPOrpaMM, HAIMCAHHBEIX Ha
TEKCTOBBIX A3bIKaX NMPOrPaMMHUPOBaHMUA:

® TEKCT NMPOrpaMMbl KOMOMIUPYETCS B KO, HC-
HONHsIeMBIif onepanmorHoi cuctemon (Pascal,
C++);

® TEKCT MPOrPaMMbI KOMUWMPYeTCs B KOM,
MCTIONHAEMBIN BUPTyaibHOi Mammuuoi (Java,

C#);
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Puc. 8. CTpykTypHas cxeMa KOMIMISATHBHOI MOAXOma Hpk ucnons3oBaaun Symbian C++-.

-

® TEKCT NPOrpaMMBl HEMOCPEACTBEHHO HCIIOMHA-
erca maTepnperaropom (JavaScript, Basic).

[TonoGupie pemenus NpUMEHSIOTCH M JJIs Npel-
naraeMoro rpadguyeckoro gsvixa. OCHOBHLIME Ba-
pHaHTAMM MCIOJHEHMS SBIAIOTCA BTOPO M Tpe-
tuit. Orn noapobuo onncansl B paszene 5. B or-
nenbHBIX ciyvasx (pasmen 7) MOXET IPHMEHATHCS
H NEepBbIl HONXOX.

6.5. Omaadxa modeau

TpanunuoHHO OTIANKA TPOrPAMM NPENCTABISAET
cO00il TPacCHMpOBKY IMPOrPAMMHOIO KOIIa ONepaTop
3a ONePATOPOM C ONHOBPEMEHHBIM aHAJIN30M 3Hayge-
HUI IepeMEeHHBIX.

Ilna rpadmyeckoil aBTOMATHOR MOMENM IIPENJIO-
JKeHa “rpadwyeckas OTIanka’ — TPacCHPOBKa I'pa-
(ha 11epexonor ¢ AHAJIU30M TEKYILIen0 COCTOAHNA, CO-
ObITHMI M 3HAYEHUW BXOOHBIX NEepeMEeHHBIX, INOMe-
HAjOLIMX AHAMM3UPYeMBIi nepexol. [Ipu meoGxomu-
MOCTM BO3MOXH& TEKCTOBaid OTJIANKA KOIa BXOM-
HEIX JTIEDEMEeHHBIX ¥ BBIXONHBIX BO3MENCTRUM.

Ha puc. 7 mpuBeneH mpuMep OTIIANOYHOR CECCUH
B nacTpymerTe UniMod.

B mumxuelf yacTu pUCyHKa NOKa3aHa OTIAXMBA-
emas monesnsb, Ha peit MaseHbKUMH KDY XKaMB yKa-

3BIBAOTCA TOYKH OCTAaHOBA. _COCTOHHHQ, BBELIETCH-
HOE pa.MKOﬁ — TEeKylllasd NO3uNud OTIANYUKAE. :

7. NCIOJIL30BAHUE IPEIUIATAEMOI'O
HOIXOIIA HA IPUMEPE
MOBUJIBHBIX YCTPONCTB

Brimze 651710 0OnmcaHo, 9TO pacCMaTpUBaeMoe MH-
CTPYMEHTaIbHOE cpefcTBO Ha3mpyeTcs Ha MCHOIb-
30BaHMM A3biKa Java. OgHaxko B psne Ciaydaes, Ha~
IpuMep 718 MOOMIIBHLIX yCTPOMCTB, Ang obecneye-
Hus TpebyemMoro GuICTPONEHCTBUN NPHUXOOATCS UC-
nons3osaTh A361k C++. Ilpu aTom BO3moOXHO MC-
[OJIB30BATH TOJBKO KOMIMISTHBHBIN TOIXOL,

Ha pmc. 8 nokaszaHo, kKak W3MEHAETCH CTPYKTYP-
Has CXeMa [JIi KOMIWIATHBHOrO momxona (puc. 4)
B Cilydae npuMerenns s3bika C++ nis moGubHOl
nnardopmsul Symbian (http://www.symbian.com).

O6paTiM BHEMMaHMe Ha TO, YTO pa3paboTkKa
MPOrPaMMEL B 3TOM CITy4ae BBHIMIOTHIAETCH TaK XKe,
KaK ¥ JUIA A3bIKa Java, HO C eIMHCTBEHHBLIM OTIIH-
qHueM — IPUMEHSAIOTCA MIabiloHBl He 714 A3bIKa Java,
a mns aseika C++. Ilpumep paspaboTxu nporpam-
MbI Ha a3kike C++ ¢ ucnons30BaHNEM WHCTPYMEH-
tansHEoro cpeactea UniMod ony6Gnuxosan no anpe-
cy http://is. ifmo. ru/science/MD-Mobile.pdf.

IIPOCTPAMMMWPOBAHHE N26 2007
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Puc. 9. Jlnarpamma coCTOSHAI aBTOOTBETUIKa MOOMIIBHOTO Tenedona.

Ha puc. 9 B kauecTse npuMepa MpUBEICHA AHA-
rpaMMa COCTOSHUIT OCHOBHOIO aBTOMATa I aBTO-
oTBeTuYnKa MOGmIbHOrO TenedoHa. OTa Iuarpam-
Ma, COOEePKHUT BCe THIBI CHHTAKCHIECKHX KOHCTPYK-
LM, ONMUCAHHBIX BBIIIE.

TaknMm 00pa3oM, MOKHO YyTBEPHKIATb, YTO, HE-
cMoTps Ha 1o, uro Eclipse n UniMod opnerTupo-
BAaHBI HA S3LIK IPOTPAMMHPOBAHNUS Java, TpuMeHe-
Hite Ia6GI0HOB TPY KOMIMJTALIAN MOJEIIH [e/1aeT UH-
crpymedT UniMod MHOros3pIKOBOM M1aT(OPMOM.
[Tpu 37OM [UIS A3LIKOB, OTIWHYHEIX OT Java, BoaMox-

HOCTE IpadguvecKoil OTIANKN MOOE/TH TepiAeTcd.

8. 3AKITIOYEHUE

B crarepe u3naraeTcd moaxon K CO30aHUIO HMH-
CTPYMEHTAJIBHOIO CPCOCTBA IUJIA ABTOMATHOIO IIPO-

rPAMMUDOBAENA.

NMPOTPAMMMPOBAHUE  N26 2007

DTOT mOAXOM MO3BOJIACT:

e COKpalaTk O0BEM KOa Ha TEKCTOBOM A3bl-
Ke HpDI‘p&.MMHpOB&HHH 3a CcYeT MCHOIB30BaAHIA
rpapu4eckoro A3bika NporpaMMIpPOBAHMA;

e crpoutsb npemioxenupe B S WITCH-Texuomno-
ruu cXeMul CBa3elt u rpadsr nepexonos 8 UML-
HOTAIMKM MUACPAMM KJIACCOB M aMarpamm co-
CTOAHHI COOTBETCTBEHHO M BK/IIOYATL HX B
MPOeKTHYIO NoKyMerTanuio [36];

e (HPOPMAIIBHO M HATJIAAHO ONUCHIBATE NOBENEHNE
nporpaMM u MOIuGUIMPOBATE UX, U3MEHAA, B
BONBIIMHCTEE CIIYYaeB, TOJLKO Ipadbl epexo-
HOB;

e YIPOCTHUTE CONPOBOXIEHNE MPOCKTOB BCICACT-
BUE [MOBBIIIEHUS NEHTPaJN3aun JIOrHKH MMpo-
rpamMM.

3 u3HOXKeHHoro CHefyer, 4To npeuiaraeMuiil
IMOIIXOO obnanaer crnenyoIInMI npeuMyriecTBanmm
[0 CPABHEHUIO C apaioramMu:
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e B MOIEIN JONYCKAeTCA HMCHOJb30BaHME CHCTE-

MBI B3aNMMOCBA3AHHBIX aBTOMATOB, YTO I103-
BOJISET MEKOMIO3UPOBATH TIOBEIEHHUE CJIOXKHON
sanaunm Ha nopszamaudw. [Ipm 3ToM oTMeTHM,
YTO KayKI0e COCTOAHHE TAKXKE OCYILEeCTBIAECT
JEKOMIIO3HIINIO TIOI3a,0a49M, BBIIEIAS TOIBKO Te
BXOIHBIE ¥ BLIXOIHBIE BO3IECHCTBUS, KOTOpLIE C
HHUM CBA3aHBI;

NPOrpaMMbl, CO3IABAEMbIE HA OCHOBE M3JI0XKEH-
HOIN0 METOIA, NPUCHOCOGIeHE! K BepHpUKALINN
N0 TOCTPOEHUI0. JTO OOBIACHAETCS TEM, UTO
npu BepuUKAIIMN NOBENEHUSA C HMCIOIb30Ba-
auem metona Model Checking [37] mna mpo-
rpaMM, HAIMCAHHBIX TPAIMIMOHHO, NOJIKHBI
CTPOUTBLCS MONENH, HAIPDUMED, B BHIE CHACTe-
MBI [IEPEXONOB, & NMPH ABTOMATHOM IPOrPaM-
MHUPOBAHMM MOIEIM B BHIE rpadoB NEePEXOHOB
3aal0TCA NPH CHEIU(PUKAIIMNA TIPOrPaMM;

CTPYKTypa aBTOMATHBIX IIPOrpaMM, B KOTO-
PhIX (PyHKIMM BXOOHBIX M BBIXONHBIX BO3JeM-
CTBUH NMPAKTUYECKH NOJHOCTLIO OTHENIEHBI OT
JIOTMKH NPOrpaMM, Hej1aeT IIPaKTUYHOU Bepu-
duxanuio 3TuX GYHKINHA HA OCHOBe (popMAIL-
HBIX JIOKa3aTe/IbCTB C MCHNOJIL30BAHMEM Ipell-
u noctycnoeni (38, 39];

HApSAOY C BIOXKEHHBIMU COCTOAHUAMM HCIIOJbL-
3YIOTCA TaKXKe BJIOKEHHBIE aBTOMATBI, YUCJIO 1
riiyOmHa BIIOXKEHMS KOTOPBIX HE OrDaHWYECHH;

TakXe aBTOMATHI MOT'YT B3aMMONENCTBOBAThL
110 BBI3LIBAEMOCTH 34 CYET MOCBLIJIKM UM COOT-
BETCTBYIOILIMX COOBITHIA Ha Iepexonax UiId Ipu
BXOIle B COCTOsAHUE,

HapsAy ¢ KOMIDUIMPYEMBIM NOAXONOM MMeeT-
Cs BO3MOXHOCTb MHTEPIPETHPOBATHL MOZIEJN.
B sToMm ciryqae “HCXOmHBIM KOOOM” SABISIOTCS
M CAMHU JHATrPAMMBI;

ncnonb3oBanaue miardopmel Eclipse, s3bikoB
Java n XML nossonser Ge3bonesseHHO nepe-
HOCUTHL MOMEJIM ¥ IPOrpaMMmy B LEJOM C On-
HOHM ONEpPAUMOHHON CHCTEMBI Ha APYrywo (Ha-
npumep, ¢ OC Windows na OC Linux);

WHTEePAKTHBHAA BaJinganusa MOIOEJId IT03BOJIA-
€T JIOKaJIN30BaTh MHOXXECTBO CHHTaAKCHYeCKHX,
CeMaHTHYeCKUX U JIormueckux ommbox erie HA
CTagul MOOEJIMpPOBaAHMA;

e cTpyKTypa nporpaMmmbl (framework) 3anaercs
HHCTPYMEHTAJIBHBIM CPEOCTBOM, M Yy TOIb30-
BaTead HEeT HeoOXOAMMOCTH pa3pabaThIBATh €€
IUIs KaXXJI0r0 TIPUJIOXKEHNS 3aHOBO;

L] npeﬂna.raeMbiﬁ METOLN NO3BOJIAET CO31aBaTh
NpPOrpaMMy B IIeJIOM;

® [IPOEKT ABJIAETCA OTKPBITBIM]

® OIILIT MCIIOJIL30BaAHMA IIOKa3bIBAET, YTO IIPH HC-
MNOJIL30BAHMH KOMIMWJIATHUBHOIO IIOAXOOa IIPpH
IOCTATOYHO CJIOXHOM Jioruke 60oJiee MOJIOBUHBL
KOIa INPHIIOXKEeHWs CTPOUTCA aBTOMAaTUYIEeCKH.

[Ipeanaraemas onepanuoHHAs CEMAHTUKa SBIIS-
eTcs IeTePMUHUPOBAHHON 3a CYET IPOBEPKH OTCYT-
CTBHS IIPOTHBOPEYMBBIX MEPEXOJIOB, YTO HE BHIIOJI-
HSAETCs, HANPUMEP, B TAKUX MHCTPYMEHTAJILHBIX
cpencteax, kax Rational Rose n Borland Together
[40]. Ykxa3aHHBIA HENOCTATOK CYLLIECTBYET TAKMkKe
B mHCcTpy™MenTe VisualSTATE [20], no yerpanser-
CdA C IOMOUIBK HCCIeOOBATEIBCKOTO 'HHCprMCHTa
SCOPE [19].

Ucxonubie TEKCTHI, NOKYMEHTALMA W [PHUMEpLI
MCIONB30BaHNA IporpaMMuoro mnaketra UniMod
npenctasiessl Ha caire http://unimod.source-
forge.net.

B zaxknouenne OTMETHM, YTO NaHHAA pabora Ha-
supyetcs Ha pabore [28] u passBuBaeT MOAXOM, ONU-
canHbli B paborax (41, 42].

Takxe ormeTnM, uTo B pabote [43] ckazano, 4yTo
nns a3sika UML Bemomusercs 3akon “20-80”. Ilan-
Has CTAaThd NMOATBEDPXKOAET 3TOT 3AKOH: M3 BCEro
muoroobpasus UML-mnarpamM aBTopaM 0ka3ajioch
NOCTATOYHO BCEro JIByX THIOB OMArpaMM HJii I10-
CTpPOEHHs NPOrPaMM B LEIOM. JTO COOTBETCTBY-
er “opmaumny Oxkama”, B COOTBETCTBHM C KOTO-
pPLIM HE CIenyeT Pa3MHOXKAThL CyIIHOCTH 6e3 He-
obxommmocTu. PaspaboranHoe cpeacTBO MCIONIb3Y-
erca aas oOydeHus Ha Kadeape KOMIbIOTEPHBIX
rexuonoruin CII6IY UTMO. Cryneaueckue npoexk-
THI, E:Oﬂepxa.ume MNPOEKTHYIO HOKYMEeHTAamuio, my6-
nukylorca Ha caire http://is.ifmo.ru B pasmene
“UniMod-npoexTsl”, Hanpumep [44].

Ilo maTepuanam HacTosmeR paboTel HbuM Ccre-
JaHBI [OKIANbl Ha PANE HAYYHO-TEXHUYECKNX KOH-
(depennuit, Hanpumep, “MeTonsl 1 cpencTpa 0bpa-
6orkn mapopmammn” (MCO 2005, MI'Y) (http://
lvk.cs.msu.su/mco/part9.html), “Open Source Fo-
rum 2005”  (http://www.opensource-forum.ru/

INIPOTPAMMWPOBAHNE N®6 2007
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rbio_view.php?num=41), IEEE International Con-
ference “110 Aupniversary of Radio Invention”
(http://is.ifmo.ru/articlesen/_unimod.pdf) = “Soft-
ware Engineering in Russia” (SECR 2005) (http://
secr.ru/rus/program/schedule.html). Ha mnocnen-
peii u3 Hux MBap 5Ixo6coH B CBOeM moKsiane oTMe-
THJ HOBH3HY M OPMTHHAJILHOCTEL ONMCAHHOIO IIOM-
xona [45], 9TO mO3BOMMNIO aBTOpAM OmyOIMKOBATEH
cTaTso, HasBaHHYO “Ucnomasemuit UML m3 Poc-
cun” [46].

Hucrpymenransaoe cpenctso UniMod makano
cBoe “mBmxenwe mo mupy”: Tak B Ilomeme BbI-
puta kHura  (http://helion.pl/ksiazki/juml2.htm)
ompo UML 2.0, B xoTOpOil cpeauM HHCTPYMEHTAJIb-
HBIX cpemcrB A mnardopmmr Eclipse yxaszan
UniMod, ucxonssle TeKCTHI KOTOPOro omybmKoBa-
HBl Ha OUCKe, IPHJIAraeMoM K KHWTe, & B IOIATEX-
pudeckoM mHCTHTYTe Typmua (http://is.ifmo.ru/
unimod_en/_torino.pdf) u B xopnopamms Borland
(http://www.pcweek.ru/?ID=504874) na cpenct-
Bo UniMod ofpaTunu BHUMAHHE KaK HA MHOIO-
obewarormit nmpoexkt. Mmeerca wmHbopMmaums o
er0 INPHAMEHEHWMI0 M B OPYTMX OpraHM3anMax
(http://is.ifmo.ru/unimod_en/_unimoduser.pdf).

[Tonxon, n3noxeHHwl B HacTOAIER paboTe, 6Iu-
30K K IOIXOY, ONMCAHHOMY B paboTe [47], KOTOPLIit
HCIIOJIR3YETCHA [NpH NPOCKTHPOBAHMHM [DOrpaMMHO-
ro obecne4eHuss OTBETCTBEHHBIX CHCTEM IIUTCIIb-
HOIO HCIOJIL30BAHMA.

HacTosmas cTaTbs OCHOBaHA HA pPe3yIbTATAX
paboT mo rocynapcTBeHHOMYy KoHTpakTy “TexHo-
JIOrus aBTOMATHOIO ﬂporpaMMHpOBaHHXI InpuMeEHe-
HMe 1 MHCTpyMeHTaJbHkle cpencTsa” (http://www.
fasi.gov.ru / fcp /technika/konkurs/it/izv-it-6.doc),
KOTOpPBIH BRIMONMHAETCA B pamkax PenepaibHoi Lie-
JIeBOM HayYHO-TeXHU4ecKON nporpammsl “Mceneno-
BaHUA U pa3paboTKH MO NPUOPUTETHLIM HAIIpABIIe-
HUSM Pa3BuUTHs Hayku M TexHukm Ha 2002-2006
rOIBI.
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