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O6BeKTHO-ABTOMATHOE PO PAMMHPOBAHHAE COBMELET B cebe OCHOBHBIE MPEMMYIIECTBa 00BeKTHO-OpH-

eHTHPOBAHHOW M ABTOMATHON TEXHONOrHil IporpaMmuposanus. Ero oCHOBHBIMU XapaKTEPUCTUKAME AB-

NA0TCA rMbKOCTD, paclMpsaeMOCTE W HAJIH'IHE MOILITHOTO MEXAHM3Ma OMHCAHNSA CJIOXHOIO NoBencHn:, oc-

HOBAHHOI'O HA KOHEYHLIX aBTOMATAaX. HenocTaTkom 06BEKTHO-AaBTOMATHOI'O NPOrpaMMUPOBAHUA ABIIAETCA

OTCYTCTBHE YCTOMBIIMXCS METOJOB IPOEKTHPOBAHMS M PEAM3AlMA ABTOMATHBIX KIIACCOB. B nacTosuuen
paboTe mpencTapieHa rpagu¥eckas HOTAIMS A MPOEKTHPOBAHHA ABTOMATHEIX KIIACCOB, COBMEIIAIO-
mas B cebe BOIMOXHOCTH OMArDAMM KJIACCOB OOBEKTHO-OPMEHTHPOBAHHOIO MPOrPAMMMPOBAHUA M IIMa-

rpaMM IOBelleHMs ABTOMATHOro mporpammupopanus. IIpemnoxensas rpaduieckas HOTAUMA NO3BOJIIET
0606IIATE, [IEKOMIIO3MPOBATh, CTPYKTYPUPOBATh H HHKPEMEHTAILHO PacCUMpPATh JIOTMKY ABTOMATHBIX

KJ1accOB C IIOMOILBI) HAC/IENOBAHHMA.

BBEIEHUE

[IporpaMMHBIE CHCTEMBI MOXHO Pa3’NelliTb Ha
TpH Kjlacca: npeobpasyoujue, UNMEPAKMUSHbIE N
peaxmusnbvie cucremsl [1]. ITpeobpasyrouue cucre-
MBI — 3TO CHCTEMEbI, 3aBepIIalONIAe CBOE BHINOJIHE-
HMe TIoC/Ie Mpeobpa3oBaHMs BXOMHBIX NAHHEIX (Ha-
NpUMEp, apXWBaTOp, KOMIWiIaATop). Humepaxmuse-
Hbl€ CHCTEMBI — 3TO CACTEMBI, B3ANMONECACTBYIOLLIAE
C OKPYKAaIoIe# cpenoi B pexuMe quajiora (Hampu-
Mep, TEKCTOBEIA pemakTop). Peaxmuenbie cucre-
MBI — 3TO CHCTEMBI, B3aMMONEHCTBYIOIIME C OKPY-
XKaolel cpenod nmocpencTBoM ofmMeHa coobmeHus-
MH B TemIe, 3aiaBaeMoM cpenoil. PeakTusable cuc-
TeMbl OOLITHO HMEIOT ClIeqyIomme OCOOeHHOCTH:

e BpeMs OTKJIMKA PEaxmueénoli CACTEMEI 3a1aeT-

cs ee OKpYyXKeHueM;

¢ TIOBEIEHUE PEAKMUBHBIT CACTEM NeTePMUHUPO-
BaHO;

e I PEaKMueHblr CACTEM XapaKTepeH mapadl-
TIeTu3M;

e c6ou B pabOTe PEAKTNUBHLIT CUCTEM KPaiiHe He-
XKeNaTellbHbL.

CpencTs TPaJMIMOHHOIO 00BLEKTHO-OPHEHTHPO-
BAHHOIMO MPOrPAMMHPOBAHMA YaCTO OKA3bIBAETCA
HEMOCTATOYHO Ui NPOEKTHPOBAHMS M peajiu3a-
MW CJIOXHOTO TOBENeHns peakTmBHBIX cucTeM. C
ApYTOil CTOPOHEI, ABTOMATHOE IPOrpaMMUpOBaHHUE
NpelJiaraeT MOLIHLIA MEXaHN3M ONMCAHUS U pea-
JIM3aIAA CII0XHOTO NOBENeHNs Ha OCHOBE KOHEYHBIX
aBTOMATOB. J0EKMHO-GEMOMAMHOE NPOPAMMU-
poeanue, ABIAIOIIEECS CHHTE30M O00LEKTHO-OPHEH-
THPOBBHHOM A ABTOMATHOM TEXHOJIOIMH IIPOrpaM-
MHPOBAHHSA, COBMeIaeT B cebe X OCHOBHEIE ITpe-
AMYIIECTBa, TakKWe Kak rubKOCTh, paClIMpAeMOCTh
M HAJIMYAE MOLIHOTO MEXAHW3Ma OMUCAHMUS CIIOXHO-
IO IOBENeHnd, OCHOBAHHONO HA KOHEYHBIX ABTOMA-
Tax. Ba30BEIM MOHATHEM OOBEKTHO-aBTOMATHOIO
NpPOrpaMMUPOBAHUS ABJISETCS ABTOMATHLIA KIIACC.
A6MoMamubimM KAGCCOM HA3BIBAETCS KIIACC, TNOBe-
IeHue 00BEKTOB KOTOPOro 3aBHCHUT OT MX TeKyIe-
IO, SBHO BHIIEJIEHHOTO, YNIPABJIAIOIIEr0 COCTOAHMA U
peau30BaHO HA OCHOBE KOHEIHBIX aBTOMATOB (2, 3].
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HepocTraTkoM 00HEKTHO-aBTOMATHOIO HPOTDaM-

MHPOBaHMA ABJIAETCA OTCYTCTBHE yCTOSBIINXCA Me- 4

TOIOB NIPOEKTHPOBAHUSA | PEATA3AIME ABTOMATHBIX
knaccos. Hamnbonee pacnpocTpaHeHHBEIM HOIXOOOM
K INPOEKTHPOBAHWIO ¥ Deau3alMi ABTOMATHHIX
KJIACCOB SBJIAETCS NATTEPH NPOEKTHpoBaHms State
[4]. B pa6orax [5-8] onucanel pasnmaHbIe BapHAH-
THl Pa3BUTHUS NATTEPHA NPOeKTHpoBarmus State.

B kadecTBe cpencTBa rpadM4eckoro mpOEKTH-
POBaHMS IIOBEACHHUS HA OCHOBE KOHEYHHIX ABTO-
MATOB OGBIYHO MCHONB3YeTCS IPAPUIECKHE S3BIK
Statecharts [9]. Muorue coBpemeHHBIE mONXONBI K
IPOEKTUPOBAHUIO PEAKTHBHLIX CHCTEM OCHOBAHEI,
B TOM MJIM MHOM CTENeHW, HA 3TOM sA3hKe. SI3HIK
Statecharts sBiisercs pacumpenEeM TPaJAIIAOH-
HOM MonejM KOHeYHhIX aBTomMaroB [10], B kOTO-
PYIO HOBABIIAIOTCA 3JIEMEHTHI, NO3BOJIAIONIAE OIK-
CBIBATH TAKWE MOHATHA, KAK uepaprud ¥ napad-
aeausm (11, 12]. Hepaprus BBOAMTCA HyTEM 640-
CEHHBIT COCTNOANUT, YTO CeMAHTHYECKH COOTBET-
crByeT omepauuu XOR (uckmouutensuoe WIH). ITa-
PAALCAU3M BBOOUTCS IMYTEM OPMOZONAALHLIT CO-
cmognull, 9TO CEMAHTUIECKH COOTBETCTBYET OI€-
pamma AND (sormueckoe H). PacmpocrpanenHbI-
M# CPeNCTBAMHA MPOEKTHPOBAHUSA CHCTEM HA OCHO-
B€ KOHEYHEIX ABTOMATOB ABJISIOTCA TaKXe A3bIK
SDL [13] 1 s3bIK CHHXPOHHOTO TPOrPAMMHAPOBAHMA
SyncCharts [14, 15].

OnHuM W3 HENOCTATKOB BEIIIENEPeYHCIIEHHBIX
rpaduyYecKnX A3bIKOB MPOEKTHPOBAHUA NOBENEHUS
Ha., OCHOBE ABTOMATHEIX KJI&CCOB SABJIAETCS OTCYT-
CTBHE CDEJICTB OIMCAHUS 00HEKTHO-OPHEHTHPOBAH-
HOWM NPHPOALI ABTOMATHLIX Kilaccos. Jlapuniil HEno-
CTATOK (YACTHYHO) yCTpPaHSETCS B OOBEKTHO-OpH-
€HTHUPOBAHHOM IPOrPAMMUPOBAHMM € SBHBIM BhI-
neneHneM CcoCTOsHmi [16], Takxke M3BECTHOM Kak

SWITCH-rexsomorus [17]. ['padu nepexonos, uc-

nojb3yeMble B OOBEKTHO-OPMEHTHPOBAHHOM IIPO-
I'PAaMMHPOBAHUM C ABHLIM BBINEIEHUEM COCTOSHUM,
MPHAMEHSIOTCS COBMECTHO CO CXeMaMU CBA3€Hd aBTO-
MAaTOB, NOAPOGHO ONMCHIBAIOLIMME XX HHTepdeiic.
Eme onauM HENOCTATKOM BBIIENEPEYHCIIEHHBIX
SI3LIKOB ABJAETCA OTCYTCTBUE CDENCTB OMUCAHMNA
OTHOILIIEHUS] HACACO08ANUA SBTOMATHHIX KIIACCOB.
Hacaedosanue — 310 nomyderue CBOMCTB WM Xa-
PakTepucTHK 6a30BOro knacca, 066IYHO BHITIOIHSE-
MO€ ¢ MOMOLLBIO BBEOEHMS HEKOTOPOTrO OTHOMICHHUS
Mexny 6Ga3oBHIM M IPOM3BOMHBIM Kiaccamu [18].
M3BecTrsl nomxomm!, KOTOpbIe MPENOCTABIIIOT BO3-
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MOXHOCTD MCIIO/Ib30BaHUS HACIENOBAHUA IPH pea-
JM3aUM ABTOMATHBIX Kitaccos [19, 20]. Onmaxo Bo-
IIpOC MCIO/B30BaHMs HACHENOBAHUS IIPH BU3Yallb-
HOM NPOEKTHPOBAHUHM ABTOMATHEIX KJIACCOB [0 CHX
IOp OCTaeTCS OTKPLITHIM.

Iene HacTOsMUER paboTHI — pa3paboTKa rpadu-
YEeCKOil HOTAIMH JIJI1 NPOeKTHPOBAHMA ABTOMATHEIX
KJIacCOB, COBMeLIaomeil B ce6e BO3MOXHOCTH Iua-
rpaMM KJ1accoB OOBbEKTHO-OPHEHTHMPOBAHHOIO IIPO-
rpaMMHPOBAHHUS M OUAIPAMM MOBEICHUS ABTOMAT-
HOro mporpammuposanns. IIpennoxennas rpadu-
JecKas HOTalMs I03BoJigeT 06001IaTh, JEKOMIIO3U-
PpOBaTh, CTPYKTYPHUPOBATh M HHKPEMEHTAJILHO Pac-
IIAPATH JIOTHKY aBTOMATHBIX KJIACCOB C IOMOIIIBIO
HACJIeNOBAHUA.

1. TEPMHMHBI M OIIPENEJIEHUA

Ilepen Tem, Kak mepeidTH K OMMCAHMIO HpeIia-
raemMoi rpadudecKkoil HOTAIMH, BBENEeM CIeIyiolme
TEPMHHEL ¥ OIIPEIEICHHS.

ApToMaTHEIE kinacc A Moxer GbITH onpenesieH
rpoukon < I,S,.J >, roe

e [ — MHOXECTBO MeTOMIOB HHTepdeiica aBTOMAT-

HOT'O KITacca;

e S — MHOXECTBO YIpaBIAOLIAX COCTOSIHUHI aB-
TOMATHOIO KJjiacca,; .

e J — MHOXECTBO NEPEXONOB MEXY COCTOSHMS-
MH.

Ha MmuoxecTBe cocTosHMi S aBTOMATHOIO KJIac-
ca onpenenena ¢pyuknus beg(S) € S, Boszspaiaio-
Ias HadaJbHOe cocTosHme. IS KaXXIoro cocTos-
HUs S € S onpenenensl cienyoime QyHKImm:

e den(s) — neficTBUE NpPH BXOAE B COCTOAHME;
o dez(s) — meACTBYE MDY BLIXONE U3 COCTONHUA;
e dact(s) — meATeNLHOCTL B COCTOSHMM.

Ilepexon j € J moxeT GLITEH OIpenenes nATepKoi
< from,to,ev,cond, do >, roe:

e from(j) € S — HavaIbHOE COCTOTHME MEPEXO-
a;

e to(j) € S — KOHEUHOE COCTOSHUE MEPEXONa;

e ev(j) € I — npuymHA IEpEXona: BI30B METOIA
uHTepdeiica, B CIy4ae KOTOPOTO MOXeT IIpo-
HM30UTH Mepexon;
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e cond(j) € {true, false} — ycnosue, BumoONHE-
HHE KOTOPOro HEO6XOMUMO It OCYINECTBICHMS
nepexona;

e do(j) — nelicTBue, BLINOJIHIEMOE BO BPeMs Tle-
pexona.

Hns ocymecrsienns mepexona jo HeobxomuMmo
BRINOJTHEHUE CNEAYIONWMX yCIIOBHIA:

® TEKYUIMM COCTOSIHMEM ABTOMATHOIO KJIAcCa
apngercs cocrosuue from(jo);

® BLI3BaH MeTON MHTepdeica ABTOMATHOIO KIIAC-
ca ev(jg);

® BLINONMHEHO ycyosue cond(jp).

B 3TOM city9ae BBITOMHSETCA CIEMYIOLIAL MOCe-
JIOBATENILHOCTE NEeMCTBUIL:

® punonEAeTca neicteue dex(from(jo));

® BRINIOJIHAETCH NEHACTBHE do(jg);

® B KaueCTBe TEKyILIero COCTOSHUA yCTAHABIIN-
BaeTca cocrosaue to(jo);

e Boinonssercs neicreue den(to(jy)).

Ilocne 3Toro nepexon jo cumTaeTcs OCYILECTB-
JIEHHEIM.

1.1. Hacaedosanue asmomamnniz xaaccos

Hacnenopamme nossosnser onpemensTh HOBLIE
K/IACCHl HAa OCHOBE yX€ CyLIECTBYIOIIMX KJIACCOB.
llpu onmpeneneRHH HOBOTO KJacCa YKa3bIBAIOTCH
TONBKO T€ CBOMCTBA, KOTOPbLIE OT/INYAIOT MPOM3-
BORHBEIA Kiacc oT 0a30BOoro kiacca. OcraibHbe
CBOMCTBA NMODABIAIOTCS B HOBHIMA KJTaCC HeA6HO U
asmomamunecxu (21]. Popmansro Hacnenosamme
MOXHO 3aIMCATH CleayiommmM obpasom (22, 23):

R=P®&P,®... 5 P, ® AR,
rae
o R - BHOBE ompenenseMblil KIacc;

® P,P,... P, — Babop CBOHCTB, HACIEXyeMbIX
oT 6a30BBIX KIIACCOB;

e AR — uHKpeMeHTANLHO NOoOABJIEHHBIE HOBLIE
CBOMCTRA, OTIMYaoIme knacc R

e (O — HEKOTOpPas Omepalys, KOTopas [O3BOJIsieT
CKOMOMHHPOBATEL CBOMCTBA KIIACCOB.

PaccMoTpuM MexaHW3M HACIIENOBAHUS ABTOMAT-
HEIX KnaccoB. Bee cocrosmms u nepexonmsr 6azo-
BBIX K/IaCCOB HESABHO HONANAIOT B NPOU3BOIHEIMA
knacc. [Ipou3BoHEBIN KJIACC MOXET PACIIMPATL M
MomupuIMPOBATH noBenenune 6a30BLIX KitaccoB. Mo-
IunduKanus nmopefeHus 6a30BbLIX KIIACCOR OCHOBAHA
Ha neperpyske ux cocrosuuit. Hekoropsie cocro-
suus 6a30BLIX KIIACCOB MOTYT OBITH nepezpyace-
Nbl, H NEPeXofbl M3 TAKUX NepPerpykeHHLIX COCTO-
SHUA MOryT ObITH MomuduumposBansl. B mpomsson-
HBIA KIacC TakXe MOryT OmITh NO6GABIIEHEI HOBLIE
COCTOSHMSA M MEPEXONbl MEXAY HUMM.

ABTomaTHEI Knace D sBHseTCS TOTOMKOM aBTO-
maTHOro xinacca B (B < D) B cnyvae, ecmm:

o Iy C I3 — MBOXECTBO MeTONOB mHTEpdeica Iy,
peaIM3yeMoro aBTOMATHBIM KiaccoMm B, Bxo-
OMT BO MHOXECTBO MeTOmOB uHTepdeiica [4,
peai3yeMoro aBTOMAaTHBIM KiaaccoMm L;

e 5y C Sy — MHOXECTBO COCTOAHMIE S}, aBTOMAT-
HOro knacca B BXOOMT BO MHOXECTBO COCTOS-
Hu# Sy aBTOMaTHOrO Kiacca D;

e beg(Sp) = beg(S4) — mavanbEBle cOCTOSHMSA
KnaccoB B n [ coBnanaior;

e 1 yuo6Oro mepexona j, BXONSILIEN0 BO MHO-
XecTBO nmepexonos J, aBromara B, cyuecTsy-
€T mepexon jq, BXONIIIMA BO MHOXECTBO nepe-
xomoB Jy aBTomMaTa D, Takoit, 94TO:

o from(jq) = from(j,) — mavampuble co-
CTOSIHUSA IIEPEXOIOB jgq ® jp CORMANAIOT,
. o ev(jg) = ev(jp) — MeTOMEI, ABNAIOUmMECT
OPUYAHON NEPEXONOB j4 ¥ Jp, COBNANAIOT;
o cond(ja) = cond(jb) — ycrous nepexonos
Jd ¥ jp COBIIANAIOT. '
Ilepexon jq aBTOMaTHOTO Ki1acca D neperpyxaer
epexon jp aBTOMATHOIO Kiacca B, ecmu:
» from(js) = from(j;) — navamnrie cocTosnus
HepexomoB jq ¥ jp COBIOAMIAIOT;

e ev(jg) = ev(jp) — MeTommI, ABNMONMECS TIPH-
YMHON NEePeXoioB jq | jj, COBUANAIT;

NMPOrPAMMUPOBAHHE N25 2007
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a. Pamka b. Uma knacca c. Mma
aBTOMAarHoro aBTOMaTHOro peanvu3oBaHHOro
obvekra obvekTa uHTepdeica

d. Uma 6azosoro
Knacca

D

o
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e. CoctosHue

MyMachme(iMylntérface) MyMachmeBase

0. TekcTtoBas
cneundukauyms -

=
<

1 f. Umsa cocToaHUA

e

myState .
i enter: I¥LE g. feicreus B
astate during: WLD COCTOAHUM
exit: WLX
2 | h. leatenbHocTb B

n. MeperpyxeHHbid |
nepexop

m. MNeperpyxeHHoe
cocTosHue

G(MYWLT

L G

lMyInterface Foo

|. HayansHoe

- IMylInterface.Goo

COCTOsIHWE

- day is Monday

- WriteLine("during”) -

WriteLine("enter”)

WriteLine(“transition”) o

.-WriteLine("eXit") .

COCTOSAHWK

i. Mepexon

j. Cneundukaums
nepexoga

k. Tabnuua
coKpalweHnun

Puc. 1. OcHoBHBIE 3/IEMEHTHI TIpelIaraeMoi rpahnueckon HOTAIMH.

e cond(jq) = cond(j,) — yCrnoBus IEPEXONOB j4 U

Jb COBOANAIOT;

o to(jqa) # to(jp) wmm do(jg) # do(jp) — xoHeu-
HbIE COCTOSHUS WM OEHCTBUSA Ha NEepexofe He
coenadapom.

1.2. exomnosuyusg u cmpykmypuposanue
AO2UKU ABTILOMATHBIT KAACCOE

IexoMNoO3umus ¥ CTPYKTYPUPOBAHHE JIOTUKH aB-
TOMATHBIX KJIACCOB OCYIUECTBISETCA C MOMOILLIO
2pynn cocmognut. I'pynnsl cOCTOSHMEA HMCIONB3Y-
1oTcs B s3bike Statecharts [9) m SWITCH-rexnomo-
ruum [24]. I'pynnet cocTosiHmit MOryT GBITH BIOXKEHBI
Opyr B apyra, obpa3ys MepapxXuio IPYNI COCTOs-
HUIA. :

5 NMNPOI'PAMMMPOBAHUE
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['pynisl COCTOSHME MOI'YyT UMETh 2PYNNoe6ble ne-
pexodvi, KOTOPLIE TAKXKE HA3KIBAIOTCS ayuamu. Jlyd
AHAJIOTHYEH neperody, 3a UCKIIOYECHUEM TOTO (hax-
Ta, 9TO JUIA JIy4a HE YKA3bIBAETCA HAYAJIbHOE CO-
crosume. Jlyu b € B Mmoxer ObITH OIpenesieH 4eT-
Bepkoil < to,ev,cond,do >. Ilns xKaxmoro cocTo-
aaus § € S onpenenena ¢yakumsa beams(s), Bo3-
BPAIIIAOLIas MHOXECTBO JIy4€eil, COOTBETCTBY IOLLIX
NaBHOMY cocTOosHMIO. MHOXecTBO beams(s) skBu-
BAJIEHTHO IOAMHOXECTBY IE€PEXONOB, MMEIOLIUX CO-
CTOSHME S B KAYeCTBE HAYAIILHOTO COCTOSHMA:

beams(s) = j € J, from(j) = s.

I'pynna g € G MoxeT 6bITH ONpenesieHa TPOMKOM
< gbeams, msub, gsub >, rne:

e gbeams(g) C B — MHOXeCTBO JIy4ei, COOTBET-
CTBYIOLIMX TPYIIE §;
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Base0(IFoo) \

Base1(lFoo)

( initial )
c(}

iy

X

=)
? second )/

second
2 )
/

Derived(lFoo) : Base0, Base1

c

(@ @ initial D

o

(owms ) (o seoms )

o

Puc. 2. MHEOXeCTBeHHOE HAC/IeNOBAHHE ABTOMATHLIX KIIACCOB.

e msub(g) C S ~ MHOXECTBO COCTOAHMIN, BXONA-

IAx B rpynmay g;

e gsub(g) C G — MHOXECTBO TPy, BNOXEHHBIX

B rpymmy g.

Ins xaxnoi rpynmsl g € G cpaseyTABH CIeIy-

OlLe YTBEPXKICHNA:

e Vs € msublg), gbeams(g) C beams(s) -

MHOXECTBO JIyJell COCTOSHUS S, BXOMSAIUEro B
rpynny g, ABAAETCA HAJMHOXECTBOM MHOXeC-
TBa JIy4el, COOTBETCTBYIOIAX rpynne g;

e Vgy € gsub(g), gbeams(g) C gbeams(go) -

MHOXECTBO JIy4ell I'PYIIILI COCTOSHAMR go, BXO-
Jsed B rpynmy g, ABIASETCS HAOMHOXECTBOM
MHOXECTBa JIy4edl, COOTBETCTBYIOUMX Ipyn-
mne q;

e Vgo € gsub(g), Vs € msub(go), s € msub(g) —

eciia COCTOSHME S BJIOXKEHO B Ipymmy go, BIIO-

-

XEHHYI0, B CBOIO 04epes, B rpylny ¢, TO OHO
BIIOXXEHO TAKXX€e M B rpynny g;

e Ygo,91 € G, ecym g9 € gsub(gy)) m g €
€ gsub(go), T0 g € gsub(g)) — ecnmm rpymnna
g BIIOXKEHA B TPYNNY gg, KOTOPas BIIOXEH3 B
rpynmy g, TO CDYIIa ¢ BJIOXKEHA TAKXke U B
rpymry gi-

2. TPAPUYECKAA HOTALINMA

IIpm DpoexTupOBAaHMM ABTOMATHBIX KJIACCOB B
HACTOMIIIER paGOTe NpPEIATaeTCs MCIOMb30BATE
IUarpaMMEl TIOBENEHWs, SBJIAIONIMECH paclIupeH-
HOM BepcHed I'padoB MepexofoB, HCHOIb3YEMBIX B
SWITCH-rexnonoruu (3, 16]. Ormruurensnoit oco-
6eHHOCTBI0 MpEeIaraeMelX B HAaHHOH pabore AHa-
rpaMM TOBECHUs SRJISETCS BOIMOXHOCTb OIMMCHI-
BATH NEKOMIIO3MIMIO U CTPYKTYPUPOBAHUE JIOTHKH
aBTOMATHLIX KI/IaCCOB C TOMOINBIO HAC/IENOBAHMA.

IPOrPAMMHUPOBAHUE N25 2007
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Base0

IFoo o—

e

Base1

—o [Foo

Derived

—o |Foo

Puc. 3. CraTuueckas IAarpaMMa aBTOMATHBIX KIIACCOB.

DirectObj(IFoo)

a) 6€3 UCIoNIb30BaHNs CTPYKTYPHUPOBAHMA TOCHKHA

Obj(IFoo)

6) ¢ BCHONBL30BAHMEM CTPYKTYPHUPOBAHUS JIOIMKU

Puc. 4. [Ipamep ncnons30BaHus CTPYKTYPHPOBAHNSA JMOTUKK ABTOMATHBIX KIIACCOB.

OcHOBHBIE 37IEMEHTHI I'paduyecKod HOTAIMM, MC-
MONTL3YEMOM IIJI IOCTPOEHU s NUarpaMM MOBeJEeHHS
aBTOMATHBIX KJIACCOB, IPHUBENCHBLI HA pHUC. 1.

TekcToBas cnenmuKanns NEepexonoB 3alKCbiBa-
eTcs B BHIE

E[(C)] [/D],

roe
e E — mpuuynHa mepexomna, C‘U(jﬂ);
e C - ycnosue nepexona, cond(jo);
e D — pmeiicTBue Ha mepexone, do(jo)-

YcnoBue nepexona u nedcTBUE HA Nepexone sBIIs-
I0TCA HeoOsS3aTeNIbHBIMEH YacTSIMH CIlelnpuKamu
1 MOryT 6bITh omyiuersl. COBOKYITHOCTh NPUYMHBI
M yCIOBMs mepexoma (ecim ycrnoBue CyIIeCTBYET)
HA3LIBACTCS PA3pewiumetbrotl JacThIO crenupuKa-
UMM Nepexona.

[MPOC'PAMMHUPOBAHHME N25 2007

Hanpuwmep, mepexon j Ha puc. 1 umeer cnenudu-
karmio G(M) /WLT, roe, B COOTBeTCTBUE ¢ Tabnumieit

COKpAaIleHU,

e G
IMyInterface.Goo;

SKBHUBAJICHTHO BBI3OBY MeTOnoa

e M 3KBHMBaJIEHTHO yclIoBuIO "day is Monday";

e WLT 3KBHUBAJICHTHO BBI3OBY MCTONa

WriteLine("transition").

[losTomy mepexom B cocTosHMe myState ocy-

IIECTBUM TOJNBLKO MO ToOHenenbHukaMm (day is
Monday), B city4ae, eciu Bui3BaH meTon Goo () u aB-
TOMAT HAXOOMTCs B cocTosuum astate. IIpm aTom
nepen CMEHOW COCTOSHHMA B CTAHNAPTHBLIN MOTOK

BBIBOOHMTCA CTPOKa "transition".

5#



68 IMOITBIPAH, MAJIBITO

State I

/\

I EffectiveState J

/\

I compute

‘ ActiveState J l_ main |
/ ‘\
l wait I
l | save J
Puc. 5. Uepapxus cOCTOAHMIA.
i DirectDerivedObj(IFoo) e

/ - DerivedObij(IFoo) : Obj

a) C COBMECTHBHIM MCIIONIb30BAHUEM
HACJIEOBAHUs ¥ CTPYKTYPHPOBAHMA

6) 6e3 COBMECTHOIO MCIOIL30BAHMUSA

HAC/Ie[NOBAHUSA M CTPYKTYPHPOBaHUA

Puc. 6. TlpuMep COBMECTHOIO MCIOJIb30BAHNA HAC/IENOBAHAS U CTPYKTYPHPOBAHMA JIOTHKHM aBTOMATHBIX KIIACCOB.

2.1. I'pagduuecxoe npedcmasaenue

nacaedosaHud a68MOMAMO6

PaccmoTpuM mpencTapBlieHMe OTHOIIEHHMS HACIIE-
[OBAHMS C MOMOIIBIO IPEIaraeMoil rpaduaecKon
poTanuu. Ba3oBblii aBTOMATHBIA Kjace, B ClIyda-
AX, KOrZia OH CyLLIECTBYET, YKA3hIBAeTCsS B 3ar0JiOB-
K€ PaMKH aBTOMATHOIO ‘KJIacCa MOCIe ABOETOYMS.
Bce cocTosuus u nepexonsl 6a30BOTO KJ1acca HesB-
HO NEPeXONAT B IPOU3BOMHBIN ABTOMATHBLIA KIIACC.

PaspemaeTcs neperpy3ka COCTOSHHH H Iepexo-
noB Gaszoporo kinacca. Ileperpyxennoe cocTOsHME
noMedaeTcs XHPHOA: Toukoit. B ciywae mmOXeCT-
BEHHOIO 7-apHOr0 HACIeNOBaHMs M300paxkaeTcs Io
ONHOM IPOHYMEPOBAHHOM MOYKE IUIS KAXXIOro |3
6a30BEIX KITACCOB, B MOPS/IKE HX yIOMUHAHHS B 33~
rosoeke. Touka ¢ HOMepOM i cooTBeTCTByeT 6a30-
BOMy Kilaccy ¢ mopsakoBeiM HomepoM i. Cocros-

HHMe, noMedeHHoe Ooilee 4eM OMHOM TOYKOM, ABJIA-
eTcs 06 beNUHEHUEM W PACIIIMDEHAEeM OIHOUMEHHbBIX
COCTOSIHUII, MPUCYTCTBYIOLIMX B HECKOIBKMX 6a30-
BuIx Knaccax (puc. 2). OTMeTnM, YTO B CiIydae uc-
O/TL30BaHNs MHOXECTBEHHOTO HACJIeOBAHUA BO3-
MOKHO BO3HHKHOBEHHE Pa3HOOOpa3HBIX MPOTHBOPE-
9Hit, TPUCYIIAX MHOXECTBEHHOMY HAC/IE[IOBAHUIO.
Ionpobueni GopMaIbHEI AHAIN3 BO3MOXHBIX IIPO-
THBOPEYMBLIX CHTYAIMA BEIXOOUT 38 PaMKM HACTO-
saeit paboThl M ABISAETCS TEMOM NAJIbHEMIINX WMC-
ClenOBaHMUM.

Ileperpy3ka nepexoma OCYILIECTBIISETCS MO pas-
pewumeavrotl acTu cnenudukammm nepexona. B
pe3yibTaTe Heperpyskd MoxeT ObITh H3MEHEHO
meiicTBue Ha mepexome. lleperpyXkeHHBIA MEPEXOL
6epeT cBOe HAYAJI0 B XKHPHOM TOUYKe, u300paxalo-

meit cooTBeTcTByIOIMiA GasoBeill Kiacc. Tak, Ha

IIPOrPAMMWPOBAHUE N25 2007
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P ReadFile (IFile)

69

& WriteFile (IFile)

a) HocTyn Ha uTenue

IsO/RF

e

"

6) HocTyn Ha 3amuch

ReadWriteFile (IFile)

OFR IsO/RF OFw

()

main writing

C
) o oA

IsO/RT R

o/

OFRW
- ISOIRT W

( readwriting )

\ IsO/RT

i e

B) IlocTyn Ha YTeHue/3amuch

© Puc. 7. uarpaMmsr IOBEOEHAs CeMERCTBA KIIaccoB JOCTYyNa K daiiry 6e3 MCOoIb30BAHMS HACENOBAHMS.

HocTyn x ¢aitmy

//\

HocTyn Ha grenne

Hoctyn Ha 3anuce

“\/

Hoctyn Ha YTeHHe/3aMHUChH

Puc. 8. Uepapxmua ki1accoB mocTymna K daimy.

puc. 2 knacc Derived neperpy:xaeT mepexon IO
npuymHe C M3 cocTosHMs second 6a30BOro kKiacca
Base0 1 B KkauyecTBe KOHEYHOIO COCTOSHHS YKa3bl-

BaeT cocTosHue second 6a3oBoro knacca Basel.

IMPOrPAMMHUPOBAHUE N25 2007

OTmeTuM, YTO MIA OTOOPAXKEHHS OTHOIIEHU
HACJIENOBAHMS ABTOMATHBIX KJIACCOB TAKXKE MOLYT
IPUMEHSTBECS AuarpaMmbl KiaccoB sa3eika UML

[25]. MuarpamMmsl KIaccoB NO3BONAIOT OTOGPA3NTH
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£ File (IFile) B

ile.Close()

I
| | I
: ( main : G -=d closed [rpynna "®ann 3akpbiT"
: | U IsO___|IFile.IsOpened()
l

main "HayanbHbli pexum”

N T s e T T IsO / RT opened |rpynna "®ain oTkpbiT”
RF return false
IsO/ RF RT retum true

a) A6GcTpakTHBIA DOCTYN K dammy

o ReadFile (IFile) : File N / WriteFile (IFile) : File -
[

I'File.Open(fname, "w")
R IFile.Read() W‘ ‘ lFIIeLWrIte{) A
\reading "®aiin OTKPLIT Ha YTeHue” / \ Wy [OEMGuTM v deuse /
6) IocTyn Ha uTeHue B) IlocTyn Ha 3amucek

/ ReadWriteFile (IFile) : ReadFile, WriteFile \

S LU p BB e e S

IFile.Open(fname, "rw")
IFile.Read()
"®aitn OTKPLIT Ha YTeHWe/3anuck"
IFile.Write()

_______________ , e

r) HocTyn Ha gTeHne/3amuch

Puc. 9. [lrarpamMMel IOBEIEHNA KIACCOB JOCTYNA K (afiTy ¢ HCHONL30BAHMEM HACIENOBAHNS.

CTATHYECKUA ACIHEeKT HACIENOBAHMWA ABTOMATHBIX 2.2. TI'paduuecxoe npedcmasaenue
KJIacCOB, OHAKO OHM HEe NPeNOCTABIAIOT Ipa- . CMpYKMYpUuposanus

A02UKY ABMOMAMHBIT KAACCOB
(prgeckoro CHHTAKCHCA, MO3BOJIAIOIENO HOAPOGHO

0TO6pa3uTh NUHAMIYECKHAH ACIEKT HAC/IeNOBAHUA. PaccMOTPEM IMArPAMMY ITOBENEHNS ABTOMATHO-
[Ipumep numarpaMMsl KJIACCOB MPUBENEH Ha puc. 3.  ro kiaacca DirectObj, m3oOpaxeHnyio Ha puC. 4 a.

NMPOTPAMMWPOBAHUE N25 2007
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AppendFile (IFile) : ReadWriteFile

@ opened -
appending )
w

—_—— e e

IFile.Open(fname, "a")

OFA
appending |"®aiin OTKPLIT ANA 3anuCH B KoHew"
w IFile. Write()

s

Puc. 10. [Iuarpamma nopenerus knacca AppendFile ¢ MCNONBL30BAHKEM HACIICNOBAHMS.

o

AppendFile (IFiIe)

IsO/RT

QQ

appendmg

reading

Lol

IsO/IRT R

OFA
IsO / RF /
main ( )

OoFW
writing

OFRW
¢ SO/RT W

TR e 2 (readwriting )

IsO/RT

s

S

>4

Pwuc. 11. ImarpaMma nosenenus knacca AppendFile 6e3 HCNONB3OBAHKA HACIENOBAHUL.

B xnmacce DirectObj He ucmons3yercs CTPYKTYpH-
poBaHue, MO3TOMY €ro HUarpaMma CONEepXHT Iy6-
JIUpYIOIuecs NepPexosl.

CTpykTypupoBaHUMe JIOTMKM aBTOMATHBIX KIIAC-
COB BBINOJIHAETCA C MOOMOILBIO 2PYNnn COCMmog-
Hutl, KOTOpBEle H300paKaloTCsl B BHIE IIYHKTHUPHBIX
IpPSAMOYTOJILHIKOB (HAIIPUMED, MPYIIILl COCTOSHUMI
active m effective ma puc. 4 6). I'pynnsr cocro-
SHUN NO3BOJIAOT 0600uIaTE noBemeHne, obiee Oias
HECKOJILKUX cocTOsiHA. B pesynsTaTe MmoxeT GBITH
COKpallieHO OyOiaMpoBaHNe NepexooB.

NPOrPAMMMPOBAHUE N25 2007

['pynnel cOCTOSHUI MOTYT COOEPXKATEH T'PYIIIO-
Bele mepexonsl. I'pynmnoBoit mepexox moxker ObITH
COBEpIeH, KOIIa aBTOMATHLIM KI1aCC HAXOOUTCS B
mMob0M 13 COCTOSHUM, BXONAILMX B NAHHYIO CPYIIILY.

CocTosHus, BXOOSLIME B ONHY IPYIITY, ABJIAIOT-
cA MOTOMKAMM ONHOI0 6a30BOr0 KJlacca COCTOAHMA.
T'pynner cocrosamii MOryT BKIANLIBATBHCA APYTr B
npyra, obpa3ys wuepapxuu. IlmarpaMma KiaccoB
cocrosHmii [26], COOTBETCTBYIOIIAA ABTOMATHOMY
Kitaccy, u3obpaxkeHHOMY Ha puc. 4, mpencTabiieHa
Ha puc. 5.
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CpaBuenue croco6oB NpoexkTUpPOBAHMS

Bes ucnonbsosanus C uCnob30BaHUEM W
HACIENOBAHMA HACITCHOBAHHAA
W CTPYKTYPUPOBAHUA | M CTPYKTYPUPOBAHUS
NOT KK JOTHKH |

CocTosuus 13 5

[leperpyxeunnie - 4

COCTOSHUS

['pymisr cocrossumi | — 2

[leperpyxeaunie -~ 4

| Ppynne! COCTOSHUHA 4
| ITepexonmt 42 12

CTpyKTypupOoBanue JIOTMKH MOXET WMCIOJIB30-
BATBECA COBMECTHO C HacenoBaHHEM aBTOMATHBIX
KinaccoB. Bee rpynnel cocTosuui, onpeneneHHLe B
H6a30BOM KIacce, HEIBHO MEPEXOAAT B NMPOU3BOMHLIN
knacc. I'pynmmr cocrosamii 6a3oBoro kiiacca, ymo-
MUHAEMbIe B NPOM3BOMHOM KJlacce, TaK )K€ KaK M
cocTosinus 6a30BOro Kjacca, HOMEYAIOTCH XUPHOM
TO4KO#. JIpOM3BOMHEIA ABTOMATHBIA KJIACC MOXET
neperpyxaTth MOBEeHMEe B IPymnax cBoero 6a3oBo-
ro KJ1acca.

B xavecrse unpumepa paccMoTpUM —Kiacce
DerivedObj, kOTOpEIA sABJIIETCA MOTOMKOM KJlac-
ca Obj (puc. 4 6). [Imarpamma moBemeHMs KIIacca
DerivedObj m3ob6paxena Ha puc. 6 a.

B aBromaTnOM kiacce DerivedObj ymommuaroT-
Cs TPYIIIBI COCTOAHMM active u effective 6a30B0-
ro knacca 0Obj. Knacc DerivedObj mob6arnser Tax-
e HOBYIO I'pyniy cocTosHuM — passive. Kpome
9TOro, aBTOMAaTHBIA Kj1acc DerivedObj:

® IIEpEerpykaeT mepexon M3 rpynnsl active B
COCTOSIHME Main, yCTaHaBIMBas B KadecTBe
KOHEYHOI0 COCTOSHUA COCTOsSIHHE terminated,
onpeneinsemoe B Kitacce DerivedObj;

e nobasiseT B rpynny coctosHui effective co-
cTosHAEe backup M CBA3BIBAET €ro NepexonaMu
C COCTOSHHMEM save.

IlmarpaMma nNOBeNEHMS ABTOMATHOIO KITAcCa
DirectDerivedObj, aranormasoro knaccy DerivedObj
(puc. 6 a), HO HOCTPOEHHOro Ge3 COBMECTHOIO
NCNONL30BaHUS CTPYKTYPHPOBAHUSA M HACIENOBA-
HUS JIOPEKM aBTOMATHBIX KJIACCOB, M300pakeHa Ha
puc. 6 6.

CrpykTypupoBaH#ue JIOMMKM ABTOMATHBIX KIIAC-
COB C MNOMOIIIBI0 IPYNNAPOBKYA COCTOAHUM OGBLIYHO
HO3BOIAET 3HAUUMEALHO COKPATUTD AyOnupoBanue
¥ HOBBICHTH YMTAEMOCTH, KaK IPH MpPOEKTHPOBa-
HHY ABTOMATHBIX KJIACCOB, TAK M IPU UX Pean3a-
IIHH.

3. IIPUMEP UCIIOJIb3OBAHUA

PaccmoTpuM npumep, MLTIOCTPUPYIOLIME IIpR-
MEHCHHE MpemIaraeMod rpaduyecKkcll HOTAIHH.
IIycTs cymecTByeT ceMeCTBO KITACCOB, MPENOCTAR-
JISIOIIMX NOCTYI K Gay:

® NOCTYyn Ha YTeHWe

ReadFile);

(aBromMaTHEIA Kiacc

e [OCTYN Ha
WriteFile);

3amuch (aBTOMATHBII KJIBCC

® OCTYNn Ha YTeHWe, 3amUCh W YTeHHe/3alHCh
(aBTOMaTHEIN Knacc ReadWriteFile).

PaccmarpuBaeMble Ki1acchl MMEIOT ABTOMATHYIO
mpupony (¢ cocrosansmu “3akprir”, “OTKpHIT Ba
grenne” u T.0.). JlMarpaMmel NoseneHus 3THX aB-
TOMATHBIX KJIACCOB NPHBENEHBl Ha pHC. 7.

IloBenenme OMMCAHHEIX KIACCOB MOXET OHITH
06061eH0 (BbulesTleHbl OIMHAKOBBIE KOMIIOHEHTHI)
M CTDYKTYDHPOBAHO C IIOMOUIBIO HAC/IENOBAHMNS.
OTr kmacch 06pas’ylOT HEpAPXUIO, NOKA3AHHYIO Ha
puc. 8. :

KopnerriM aremenToM npemiaraeMoit mepapxXuu
ABJIgeTCA abCTPaKTHRIA Kilacc, 0600IIAOIIRE HEKO-
TOPHIE aCUEKTH HOCTyNa X daitny. [Iuarpamma mo-

NMPOrPAMMMPOBAHUE N25 2007
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BENEHUS 3TUX KJIACCOB, NOCTPOEHHAs ¢ HCHOIR30Ba~
HHEM HaclenoBaHusd, OpHBEReHa Ha pHc. 9.

Ilosenenne mOGOr0 aBTOMATHOrO Kjacca, Mo-
#eT ObITh pacliapeHO ¢ MOMOILIbI0 HACICHOBAHMA.
Ha puc. 10 npusenena amarpaMma IOREIEHAS AB-
TOMATHOIO Kitacca AppendFile, pacumpaioiero
JIOTMKYy aBTOMATHOro knacca ReadWriteFile 3a
cyeT nobaBiieHHA B HETO eilie ORAROI0 COCTOAHHA —
appending. Pacumpenme mpomcxomuT MHEKpeMeH-
TaIbHO — O€3 U3MEHEBUA yXe CYyLUeCTBYIOIAX 8B-
TOMATHBIX KJIACCOB. :

Hurarpamma nopenerus kinacca AppendFile, mpu-
BelleHHas Ha puc. 10, 5KBUBATICHTHA HUArpaMMe IO
Benernus knacca AppendFile (puc. 11), koropas no-
cTpoena 6e3 mcnosb3osBanus Hacienoparma. OTme-
THM, YTO HCHONb30BaARHE HAC/ICAOBAHUASL IOZBOIIRIIO
3HAUUMEADHO COKPATATE NyGIIMPOBAHME COCTOSTHUM
H Oepexonos.

B Tabnuue npuBeneHbl pesynbTAaTH MOICYETA
HUCHA HCHOMb30BAHHBIX COCTOAHME, I'PyHd COCTO-
SHUA U [I€PEeXOIOB NPH NPOEKTUPOBAHUH IOBENEHUS
ABTOMATHBIX KIACCOB C HCHOIL30BAHUEM AEKOMIIO-
UMUK U CTPYKTYPUPOBAHMS MX JIOTMKH ¢ HOMOIIILIO
nacnepoparua (puc. 9, 10) n 6e3 wero (pnc. 7, 11).

Kax cnemyer m3 BuunenpuseneHEHOH TabmImI,
OPEAVIOKCHHBI METOR ACKOMIO3ULUH ¥ CTPYKTY-
PUpOBaHUsS JIOTMKM ABTOMATHLIX KIIACCOB MOXKET
HO3BOAUTH 3HAYHTENLHO COKPATHTH KOIHYECTBO
ACIOIb3YEMBIX NePEXONOB, YTO MPOUCXOMMUT 34 CUET
yerpanenns ux zybmmposanus. Ilpm arom B nnma-
rpammy N06aB/IAI0TCA HOBbIE CYIIIHOCTH, TAKMe KaK
TeperpyKeHHbIe COCTORRNA H I'PYIIHIE! COCTOSHHUIL.

4. 3AKIJIIOYEHUWE

B saknmiouenume oTMeTHM, 9TO A OMMCAHHON
rpaduyecKkoil HOTAIUN NPEAJIOKEHO ABA METONA pe-
ANM3aIH ABTOMATHBIX KIIACCOB:

® Ha OCHOBE BUPTYaJILHBIX MeTonoB |27];

® Ha OCHOBE€ BUDTYAJIBHBIX BJIOXKEHHLIX KIIACCOR

(28].

OTn MeTombl MOMHOCTBIO COOTBETCTBYIOT OCHOB-
HBIM NPUHIAIAM  OOBEKTHO-ODUEHTUPOBAHHOIG
OporpaMMUpOBAHUA H MO3BOIAKT, Kak Tpebyer
aBTOMATHOE TPOrpaMMHUpOBaHue, n30MophHO OTO-
6paxaTh NPERNGKEHHYIO Bblle 'paduuecKyio HO-
TAIMIO IPH peanu3aluy aBTOMATHBIX KJ1aCCOB.

I[IPO'PAMMUPOBAHUE N25 2007

IIpakTHyeckas HEHHOCTH IPEJIOXKEHHOH rpadu-
YEeCKOH HOTAUHH M B3aWMOCBA3AHHBIX METOHOB pe-
ami3al¥y ABTOMATHBIX KJIACCOB NONTBEPXIAEeTCS
Pe3yALTaTaMU BHENDEHHS B NPAKTHKY NPOrpaM-
MupoBarus B xommnamumu Transas Technologies. B
YaCTHOCTH, IPH HDOEKTHPOBAHME M DPEANH3AIHH
MaHWIYIATOPOB PENAKTHPOBAHHS B MOBTOPHO MC-
noas3yemoM kapkace Iris, KoToOpeiit npeRrazHavyeH
JIIst DOCTPOEHAA HONCHCTEM BH3YAIbHOTO PeIaKTH-
POBaHHA HPOCTPAHCTBEHHLIX NAHHEIX H HCHONL3Y-
€TCA MPX CO3J[AaHMM HABHAIAIMOHHBIX, 6€pPeroBbx M
TPEHAXEDHELX CHCTEM.

Onmcannas rpaduyeckas HOTAMU TO3BOJILET 06-
o0IaTh, HNEKOMIO3MPOBATE, CTPYKTYPHPOBAThL M
PACLIMDATDH JIONMKY aBTOMATHLIX KJIACCOB C IOMO-
mkio Hacnenosanyd. JleKoMnosumus B CTPYKTYpH-
POBAHUE JIOTMKM ABTOMATHBIX KIIACCOB MOXET I103-
BOJIMTEL 3HAYMTENBHO COKDATHTEL NyOnmpoBaHue,
KaK Np¥ NPOEKTUPOBAHMM, TAK M DU PEATH3AIMY
CHCTEM, HOBENeHUe KOTOPHIX OIIMCHIBAETCS € IIOMO-
IIEIO KOHEYHBIX ABTOMATOB.
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