ABTOMaTHOE nporpaMmmMupoBaHue

W

ABTOMIz__llTnoe leOI‘paMMII;Ilp0BaHI/Ie — 5TO IapaJIiTMa TPOTrPAMMHUPOBAHUSA, TIPU
HCIIOJIb30BAHUU KOTOPOU IMporpaMma Uiin €€ (pparMeHT OCMBICIUBAETCS KaK MOJIEJTb
KaKoro-1n60 GopMaybHOTO aBTOMaTa. V3BecTHA Tak:Ke | Jipyras "mapajgurma
aBTOMATHOTO IMPOrPaMMHUPOBAHUsI, COCTOSAINAS B IIPECTaBIEHUHU CYIITHOCTEH CO
CJIO’KHBIM TTOBE/IEHUEM B BH/I€ aBTOMATH3UPOBAHHBIX OOBEKTOB YIIPABIEHUS, KAXKbIH
13 KOTOPBIX MPEeJICTaBIIsAET cOO0H 00BEKT yIipaBieHusa 1 apromat". [Ipu aToM 0
IporpaMMe, Kak B aBTOMaTUYECKOM YIIPaBJIEHUH, MTPEJIaraeTcs AyMaTh KaK O CHCTEMeE
aBTOMATHU3UPOBAHHBIX 0OBEKTOB yIIPaBJIEHUS.

B 3aBUCHUMOCTH OT KOHKPETHOU 33/Ja4yUl B aBTOMATHOM IIPOTPAaMMHUPOBAHUHN MOTYT
HCIIOJIb30BAThCSI KAaK KOHEUHBbIE aBTOMATHI, TAK U aBTOMATHI ¢ H0J1€€ CII0KHBIM
CTPOEHUEM.

OmnpeneAroINIUMHU JIJISI aBTOMAaTHOTO ITPOTPaMMHUPOBAHUSA SIBJISIOTCSA CEAYIOINE
0COOEHHOCTU:

1. BpEMEeHHOH ITepHO/I BBITIOJTHEHUS ITPOrPaMMBbl pa30UBaeTcs Ha wasu agmomama,
KaKbIA M3 KOTOPBIX IIPEJICTaBJIsAET COOOU BBHITIOJTHEHUE OIIPeeIEHHOMN (OHOH U
TOM 3Ke JUIA KaKJIO0To I1ara) CeKIuy KoJa C eAUHCTBEHHON TOYKOH BXO/a; TaKasd
CeKIIusl MOKeT ObITh 0hOpMJIEHA, HAITPUMED, B BU/JIE OT/IEJIbHON QYHKITUU U
MOKeT OBITh pas/iesieHa Ha MOJICEKITNU, COOTBETCTBYIOIIHE OTAETbHBIM
COCTOSTHUSIM HJTH KaTETOPHSAM COCTOSHUMI

2. mepegava nHGOPMAIMU MEKAY IIIaraMi aBTOMAaTa OCYIIeCTBJISETCS TOJIBKO Yepes
SIBHO 0003HAYEHHOE MHOKECTBO II€PEMEHHBIX, Ha3bIBA€MBIX COCIMOSHUEM
asmomama; Mex/y IaraMu aBToMaTa IporpamMmma (M e€ 9acTb, oopMIeHHAS
B aBTOMAaTHOM CTUJIE) HE MOYKET CO/IEPKATh HESBHBIX SJIEMEHTOB COCTOSIHUS,
TaKUX KaK 3HaUeHUsI JIOKAJIbHBIX IIEPEMEHHBIX B CTEKE, aJipeca BO3BparTa u3
byHKIINI, 3BHAUEHNE TEKYIIETO CYETYNKA KOMAH/I U T. I1.; HHa4Ye TOBOPS,
COCTOsTHHIE TTPOTPAMMBbI Ha JI00bIe IBA MOMEHTA BXOZ|a B Wd2 agmomama MOTyT
pas3aIndaThCsAa MeXaAy cCOO0U TOJIPKO 3HAUEHUSAMH ITePEMEHHBIX, COCTaBJISIONINX
cocmosHue asmomama (IpUIEM TaKue epeMeHHbIE JJOI?KHBI ObITh SBHO
0003HAUYEHbI B KAUECTBE TAKOBBIX).

[ToJTHOCTBIO BBHITIOJTHEHHE KO/Ia B aBTOMATHOM CTHJIE IIPE/ICTABJIAET COOOH ITUKIT
(BOBMO>KHO, HEIBHBIN ) IIIaTOB aBTOMATA.

HaszBaHue aBTOMaTHOE IPOrpaMMHPOBaHUE OIPAB/BIBAETCA €IIIE€ U TEM, UTO
CTWJIb MBIIJIEHUS (BOCIPUATHSA IIPOIECCA UCIIOJTHEHUS) TIPU ITPOTPAMMHUPOBAHUY B
9TOM TEXHUKE MPAKTUYECKU TOUHO BOCIIPOU3BOUT CTUJIb MBIIUJIEHUS IPU
cocTaByieHUH (OpMaJIbHBIX aBTOMATOB (TaKUX Kak MamnHa ThIOpDUHTA, aBTOMAT

MapxkoBa u Jip.)
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Mpumep ¢ ucnonb3oBaHMEeM KOHEYHOro aBTomara

[TycTh, K IpUMeEDY, TpeOyeTcs HamucaTh Ha A3bIKe CH MTPOTpaMMYy, YUTAIOIIYIO U3
MOTOKA CTAHJAPTHOTO BBOJIA TEKCT, COCTOSIINI U3 CTPOK, U JJI KOKA0U CTPOKU
MeYaTaIIyIo IIEPBOE CJIOBO 3TON CTPOKHU U IMEPEBOJ] CTPOKHU. FICHO, YTO /7151 3TOTO BO
BpeMs UTEHUA KaXK/I0U CTPOKU CjIe/lyeT cHavasa MpoIyCTUTh IPOOEIbI, €CJIN TAaKOBbIE
€CTb B HavaJie CTPOKH; 3aT€M UHTATh OYKBbI, COCTABJISIOIINE CJIOBO, U ITeYaTaTh UX,
TIOKa CJIOBO HE KOHUUTCA (TO ecTh JINOO He KOHYUTCS CTPOKA, TU0O0 He Oy/IeT BCTpeueH
MpoOeTbHBIN CUMBOJI); HAKOHEII, KOT/|a IIEPBOE CJIOBO YCIIENIHO CYUTAHO U
HareyaTaHo, He0OXOIMMO JJOUUTATh CTPOKY /10 KOHIA, HUYEero MpU 3TOM He Ievaras.
Berperus (Ha 110001 asze) CHMBOJI IEPEBO/IA CTPOKH, CJIE/yeT HAlleuaTaTh IEPEBOJ
CTPOKH Y IIPOJIOJI’KUTH ¢ Havyasia. [Ipu BO3HUKHOBEHHU (OIISATh TaKH, Ha JIIOO0H daze)
CUTyaIluU «KOHeIl (pailyia» caeayer MPeKpaTUTh paboTy.

[Iporpamma, pemarmoiias 5Ty 3a7ja4y B TPAJIUINOHHOM UMIIEPATUBHOM CTUJIE, MOXKET
BBITJIA/IeTh, HAIpUMep, Tak (A3bIK C):

#include <stdio.h>

int main() {
int c;

do {
c = getchar();
while (c =="") ¢ = getchar();
while (c '="'"'&& c '="\n' && c !'= EOF) putchar(c), c = getchar();
putchar('\n');
while (c '="\n' && c '= EOF) c = getchar();
} while (c '= EOF);

return 0;

}

Ty e 3a1auy MOXKHO PEeIIUThb, IPUMEHUB MBIIJIEHNE B TEDMUHAX KOHEUHbBIX
aBTOMATOB. 3aMeTUM, YTO pa3bop CTPOKU paszesseTcs Ha TpU (as3bl: IPOIYCK
JINAVPYIOIINX ITPOOEJIOB, IeYaTh CJIOBA U MPOIYCK CUMBOJIOB OCTaTKa cTpoku. HazoBém
9TH TpU (Pa3el cocToOAHUAMU before , inside u after . [Iporpamma Tenepb MOXKeT
BBIIJIA/IETD, HAIIPUMED, TaK:
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#include <stdio.h>

int main() {
enum states { before, inside, after } state;
int ¢;

state = before;
while ((c = getchar()) !'= EOF) {
switch (state) {

case before:
if (c == "\n") putchar(\n');
else if (c '="") putchar(c), state = inside;
break;

case inside:
switch (c) {
case'":
state = after; break;
case '\n":
putchar('\n'), state = before;
break;
default: putchar(c);
}

break;

case after:
if (c == "\n") putchar('\n'), state = before;

}
}

return 0;

}

WJIN TaK:
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#include <stdio.h>
void (*state)(int);
void before(int c);
void inside(int c);

void after(int c);

void before(int c) {
if (c == "\n") putchar(\n');

else if (c '="") putchar(c), state = inside;
}
void inside(int ¢) {
switch (c) {
case'":
state = after; break;
case '\n'":
putchar('\n'), state = before;
break;
default: putchar(c);
}
}

void after(int c) {
if (c == "\n") putchar(\n'), state = before;

}

int main() {
int c;

state = before;
while ((c = getchar()) !'= EOF) {
state(c);

}

return 0;

}

HecmoTps Ha TO, UTO KOJT ABHO cTaJl 60Jiee JJINHHBIM, Y HETO UMEEeTCs OJTHO
HECOMHEHHOE JIOCTOMHCTBO: YTeHHe (TO eCTh BhI30B QYHKIMU getchar() ) Temepb
BBITIOJTHSIETCS POBHO B OAHOM MecTe. KpoMme Toro, He06X0MMO 3aMETUTh, UTO
BMeCTO UeThIPEX ITUKJIOB, UCIOJIb30BABIINXCA B IPEABIAYIIEN BEPCUU, IUKJ TENeph
HCIIOJIB3YEeTCA TOJIBKO o/InH. Teso 1uksia (3a UCKII0UeHNEeM JIENCTBUMN, BHIMIOJIHAEMbBIX B
3aroJI0BKe) IIpeJICTaBIsgeT cCOOOH mIar aBToMAaTa, caM >Ke ITUKJT 3a/Ia€T IUKJI pabdoThI

aBTOMATA.
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[Tporpamma peaynmsyeT (MojieIupyeT) paboTy KOHEUHOTO aBTOMATa, N300payKEHHOTO
Ha pucyHke. bykBoii N Ha f1uarpammMe 06003HaueH CUMBOJI KOHIIA CTPOKU, OYKBOU S —
CUMBOJI pobesia, GyKBOH A — BCe OCTaJIbHbIE CHMBOJIBI. 32 O/IVH IIIar aBTOMAT JIEJIAeT
POBHO OJIVH II€PEXO0/ B 3aBUCUMOCTH OT TEKYIIIETO COCTOSTHUSA U IIPOYUTAHHOTO
cuMBoJ1a. HeKoTOpbIe Iepexo/ibl COITPOBOK/IAI0TCSA MTeYAThIO0 TPOYUTAHHOTO CHMBOJIA;
TaKue Iepexopl Ha AuarpaMMe 0003HAUYeHbI 3BE3/I0UKAMU.

Ctporo cobst0/1aTh pa3zeieHne Kojia Ha 00pabOTYUKY OTAEIbHBIX COCTOSTHUH, BOOOIIIE
TOBOPS, He 00513aTeIbHO. BoJiee TOro, B HEKOTOPBIX C/Iy4Yasix CaMO IMOHATHE COCTOSHUS
MOZKET CKJIa/IbIBAThCS U3 3HAUEHUN HECKOJIPKHMX IIEPEMEHHBIX, TAK YTO YUECTH BCE
BO3MO>KHbBIE UX KOMOMHAIIUYN OKAXKETCA MPAKTHYECKU HEBO3MOKHO. B
paccMaTprBaeMOM IIPUMePE MOKHO COKOHOMUTH 00BEM KO7[a, €CJTH 3aMETUTD, UTO
JeACTBYA, BBIIIOJIHAEMbIE [0 CHMBOJIY «KOHEI| CTPOKH », OT COCTOSIHUS HE 3aBUCAT.
[TporpamMma, SKBUBaJIEHTHAsI IIPEABIIYINEH, HO HAlTMCAHHASA C YYETOM TaKOTO
3aMevaHus, Oy/IeT BBITJIA/IETh TAK:

#include <stdio.h>

int main() {
enum states { before, inside, after } state;
int c;

state = before;
while ((c = getchar()) !'= EOF) {
if (c == "\n") putchar('\n'), state = before, continue;
switch (state) {
case before:
if (c!="") putchar(c), state = inside;
break;
case inside:
if (c =="") state = after;
else putchar(c);
case after:
break;

return 0;

}
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BblaeneHue wara asTomata B oTAeNbHYO PYHKLUIO

OCHOBOIIOJIATAIOIIUM B BHIIIIENPUBEAEHHON ITpOrPaMMe ABJIseTCs MO-TIPeKHEMY
YETKOe BbIJleJIeHNe KO/Ia, OTBEUAIOIIIETO0 32 IIar aBToMaTta. TO 00CTOATEIBCTBO MOKHO
MIOTYEPKHYTH €I€ CUIbHEE, eCJIN BbIJEJIUTD IIaT aBTOMAaTa B OT/IeJIbHYI0 (QYHKITHIO.

#include <stdio.h>

enum States { before, inside, after };

void step(enum States *state, int *c)

{

if (*state == before)
{

if (*c =="\n")
putchar('\n');
elseif (*c!="")

*state = inside;

}

if (*state == inside)
{

if (*c=="")

*state = after;
else if (*c == "\n")
{

putchar('\n');
*state = before;

}

else
putchar(*c);

}

if (*state == after)
if (*c =="\n")

{
putchar('\n');
*state = before;
}

}

int main() {

int c; enum States state = before;

while ((c = getchar()) !'= EOF) step(&state, &c);

return 0;

}

ATOT MPUMEP HATJISAIHO IEMOHCTPUPYET OCHOBHOE CBOMCTBO, OJ1aro/iapsi KOTOPOMY KOJ,
MOKHO CYUTATh 0(DOPMJIEHHBIM B CTHJIE aBTOMATHOTO IIPOTrPaMMHPOBAHUS:

1. OTAeJIbHBIE IIark aBTOMAaTa BBIIIOJTHAIOTCA B HEIIEPEKPBhIBAOINKWECA BPEMEHHBIE

IIEPHUO/IBI
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2. eJMHCTBEHHBIM CPECTBOM Meperadu NHGOPMAIIUHA MEK/IY IIaraMu SBJISAETCS
SIBHO OTIPE/IEJIEHHOE COCTOsIHME (B JAaHHOM CJIy4yae nepeMeHHas state )

Mporpamma c ABHO 3agaHHOW Tabnuuen nepexoanos

KoneuHbI#l aBTOMAT, KaK H3BECTHO, MOXKET OBITh 3aJ]aH U TaOJIUIIEH EPEXO/IOB.
Boo0111e TOBOpPsI, KOJT ITPOTPaMMBbl, MOJIEJTUPYIOIIEH KOHEUHBIA aBTOMAT, BIIOJTHE MOKET
OTpakaTh M 3TO CBOMCTBO aBTOMAarTa. B ciesyroieli mporpamme MmaccuB the table
3a1a€T TabuIy epexoZoB. CTPOKH TaOIUITBI COOTBETCTBYIOT TPEM COCTOSHUSM
aBTOMAaTa, CTOJIOIBI — YUTAEMBIM CUMBOJIAM (IIEPBBIH CTOJIOEI] — ITPOOES, BTOPOH
cronber; — 1epeBoy] CTPOKU, TPETUH CTOIOEI] — BCe OCTAIbHbIE CUMBOJIBI). Kaxkas
sTYeKa TaOIUIIBI COAEPKUT HOMEP HOBOTO COCTOSIHHSA U TPU3HAK HEOOXOAMMOCTH
IevaTy CUMBOJIa (B IPUBEIEHHOM KOJI€ UCIIOJIb3YIOTCS OUTOBBIE IOJISI IJIsT SKOHOMUU
mamsTu). KoHeuHo, B peasTbHOM 3a71aue MorJjia ObI MOTpeboBaThCs ropaso bosiee
CJIOKHAS CTPYKTYPa TaOJIHIBI, COZleprKalas, HalpUMeD, YKa3aTesu Ha (PyHKIUY JJ1
BBITIOJIHEHU S KAKUX-JIN00 JeHCTBUH, CBI3aHHBIX C IIEPEX0/laMH, HO B
paccMaTpuBaeMOM IIPUMEPE 3TO He HYKHO:

#include <stdio.h>
enum states { before = 0, inside = 1, after = 2 };

typedef struct branch {
enum states new_state:4;
int should_putchar:4;

} branch;

branch the_table[3][3] = {
/* t \n' others */
/* before */ { {before, 0}, {before, 1}, {inside, 1} },
/* inside */ { {after, 0}, {before, 1}, {inside, 1} },
/* after */ { {after, 0}, {before, 1}, {after, 0} }

b

void step(enum states *state, int c) {
intidx2=(c=="'""?20:(c=="\n")?1:2;
branch *b = & the_table[*state][idx2];

*state = b->new_state;
if (b->should_putchar) putchar(c);
}

int main() {
int c; enum states state = before;

while ((c = getchar()) '= EOF) step(&state, ¢);

return 0;

}

MUcnonb3oBaHne 06 bEKTHO-OPUEHTUPOBAaHHbIX BO3MOXHOCTEN
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Ecyin ucrosib3yemMbIil A36IK TPOTPAMMHUPOBAHUS TIO/I/IEPKUBAET OOBEKTHO-

OPUEHTUPOBAHHBIE BOBMOKHOCTH, JIOTUYHO Oy/1eT NUHKAIICYJINDOBATh KOHEYHBIH
aBTOMAT B OOBEKT, CKPBIB JIeTIN peanu3anuu. Hampumep, anajsoruuHas nporpaMmma

Ha sA3bIKe C++ MOXKET BBITJIAAETD TaK:

#include <stdio.h>
class StateMachine {
enum states { before = 0, inside = 1, after = 2 } state;
struct branch {
enum states new_state:4;
unsigned should_putchar:4;
b
static struct branch the_table[3][3];
public:
StateMachine() : state(before) {}
void FeedChar(int c) {
intidx2=(c=="'""?20:(c=="\n")?1:2;
struct branch *b = & the_table[statel[idx2];
state = b->new_state;
if(b->should_putchar) putchar(c);
}
b

struct StateMachine::branch StateMachine::the table[3][3] = {
/* t \n' others */
/* before */ { {before, 0}, {before, 1}, {inside, 1} },
/* inside */ { {after, 0}, {before, 1}, {inside, 1} },
/* after */ { {after, 0}, {before, 1}, {after, 0} }
b

int main()
{
int c;
StateMachine machine;
while((c = getchar()) '= EOF)
machine.FeedChar(c);
return O;

}

OTMeTHM, YTO B 3TOM IIPHUMeEPE MBI UCIIOJIb30BaJIH JIJIS BBOJIa-BhIBO/Ia OMOJIMOTEKY
sa3b1ka CH, 4TOOBI N30€3KaTh MOSABJIEHNUA «JIUIIHUX» (OTBJIEKAIOIIUX BHUMAaHUE)
W3MeHEeHU! B CPaBHEHHUU C IIPEABIAYIINM IPUMEPOM.

Cdepa npumeHeHusn

ABTOMAaTHOE IIPOrpaMMHPOBAHHUE IIUPOKO IIPUMEHSETCS IIPHU IIOCTPOEHUH
JIEKCUUYECKNX aHAIN3aTOPOB (K1accudyecKre KOHEYHbIe aBTOMAThI) M CUHTAKCUYECKUX
aHanM3aTopoB (ABTOMATHI ¢ MAra3uHHON naMaTeio )L,
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KpoMme Toro, MbIIIIEHHE B TEDPMUHAX KOHEYHBIX aBTOMATOB (TO ecTh pa3bueHue
HCIIOJTHEHUsI IPOTrPaMMbl Ha Wa2au asmomama v nepeaada HHGOPMAIIUHU OT I1ara K
I1ary 4yepes3 COCTOSTHHUE) HE0OXO0IMMO ITPU IMMOCTPOEHUH COOBITUHHO-OPHEHTHUPOBAHHBIX
MPWIOXKEeHUH. B 3TOM citygae mporpaMMUpOBaHUE B CTHJIE KOHEYHBIX aBTOMATOB
OKa3bIBAETCS €MHCTBEHHON aJIbTEPHATUBOM MOPOK/IEHUIO MHOKECTBA IIPOLIECCOB UJTH
IIOTOKOB yIIpaBJieHus (TPeJIOB).

YacTo IMOHSTHE COCTOSTHUI U MAIIIMH COCTOSIHUH HUCIIOIb3YETCS AJIA cCuelnUKAIINT
mnporpaMm. Tak, MpH IPOEKTUPOBAaHUHU IIPOrPAMMHOTO0 obeciieueHus ¢ momoinsio UML
JUUIsI OIIMCAHUS TIOBE/IEHNsI OOBEKTOB HUCIIOJIb3YIOTCS IMarpaMMbl COCTOSTHHUH (state
machine diagrams). Kpome T0r0, IBHOE BBIZIeJIEHHE COCTOSIHUI HCIIOIb3YETCA B
OIMCAHUU CETEBBIX MPOTOKOJIOB (cM., Hammpumep, RFC 79al2l).

MpInIeHrEe B TEpPMUHAX aBTOMATOB (I1aroB U COCTOSTHUI) HAXOAUT IPUMEHEHHE U IIPU
OIMCAaHUM CEMAHTHUKU HEKOTOPBIX A3BIKOB IPOrpaMMUpoBaHusd. Tak, ucrnosiHeHue
IporpaMMbl Ha si3bike Pedas mpezcraiisier coboi 1MOce/I0BaTETbHOCTh U3MEHEHU T
10Jis 3peHus Pedan-mMalinHbl Wi, HHaYe FOBOPS, IOCI€/I0BAaTEeIbHOCTD maroB Pedaii-
aBTOMaTa, COCTOSTHUEM KOTOPOTO SIBJISIETCS COOepiHcuMOe N0 3peHus (IIpOU3BOJIBHOE
Pedan-BoipaskeHue, He coJiep:Kalilee IeEpeEMEeHHbIX).

MexaHU3M OPOAOJKEHUN sA3bika Scheme /17151 cBoell peanu3anuu Tak»ke Tpedyer
MBIIIJIEHUS B TEPMUHAX COCTOSTHUU U IIarOB, HECMOTPSA Ha TO YTO caM sI3bIK Scheme
HUKOUM 00pa30M He sIBJIsIeTCsl aBTOMaTHBIM. TeM He MeHee, UTOOBI 00eCIIeunTh
BO3MOKHOCTD «3aMOPAKUBAHUA» NPOO0ANHCEHUS, TIPUXOAUTCS IIPU PeaTn3aIiuu
BBIYMCIUTETLHOU MOJIEN AA3bIKa Scheme 00beIMHATh Bce KOMIIOHEHTHI CPEJTbI
HCIIOJTHEHUSI, BKJIIOUAS CNUCOK Oelicmauil, Komopble 0CMA10Ch 8bINOAHUMb 01
OKOHUAHUSA 8bIMUCAEHUIL, B €ITHOE IIeJI0e, KOTOPOE Tak:Ke 0OBIYHO Ha3bIBAETCS
npodoiceHuem. Takoe npodoiceHue OKa3bIBAETCS COCTOSTHHEM aBTOMAaTa, a IPOoIece
BBIIIOJTHEHHSI IIPOTPAMMBI COCTOMT U3 IIarOB, KaK/IbIH U3 KOTOPHIX BHIBOJIUT
cyeayoliee 3HaUeHUE NPO00AHCEHUS U3 TIPEJIBIIYIIETO.

Anexcanzp OsionrpeH B cBoeii kuurel3l onmcersaer Tax HaspiBaeMbIil Benckuil Memod
ONMCAHUSA CEMAHTUKU S3bIKOB IPOTPAMMUPOBAHUS, OCHOBAHHBIH IIEJTUKOM Ha
¢dopMasIbHBIX aBTOMATAX.

B xauecTBe 0/IHOTO U3 MPUMEPOB IPUMEHEHUA aBTOMATHON IMapaiurMbl MOKHO
HazBaTh cuctremy STAT [1]; oTa cucrema, B YaCTHOCTH, BKJIIOYAeT BCTPOEHHBIH 3BIK
STATL, uMeronuii YMCcTo aBTOMATHYIO CEMaHTHUKY.

CyI11eCcTBYIOT TaKKe IIPEIJIOKEHHUA 110 UCIIOJIb30BAHUI0 aBTOMATHOTO
IIPOTPaMMHPOBAHHUSA B KAUECTBE YHUBEPCATHLHOT'O TIO/IX0/1a K CO3/TAHUIO
KOMITBIOTEPHBIX ITPOIPaMM BHE 3aBUCUMOCTHU OT MpeAMeTHOI obstacTu. Tak, aBTOPBI
craTbi4l yTBepKIatoT, YTO aBTOMATHOE TPOrPaMMHUPOBAHIE CIIOCOGHO CHITPATh POJIb
JIeTeHIapHOU cepeOpsHON ITyJIH.

UcTopusna
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HawnboJsee paHHUME cilydau TPUMeEHEHUS MapaJurMbl aBTOMAaTHOTO IIPOTPAaMMHPOBAHUSA
OTHOCATCS, TIO-BUIUMOMY, K IIPEJIMETHBIM 00JIaCTsIM, B KOTOPBIX HapaboTaHa
aJITOPUTMUYECKas TeOpHUs, OCHOBaHHAsA HAa TeODUM aBTOMATOB, U IIPeK/Ie BCEro — K
aHaJIM3y TeKCTOB Ha (hopMasbHBIX A3bkax.[ll B kadecTBe oHOI 13 HanGoIee paHHUX
paboT Ha 5Ty TeMy MOKHO Ha3BaTh cTaThio. 18l

OpHUM U3 IIePBBIX YIIOMUHAHUH UCIIOJIb30BaHUS TEXHUKU aBTOMATHOTO
MIPOrPpaMMHPOBAHUS HE3aBUCUMO OT TEOPETUYECKUX HapaOOTOK, OCHOBAaHHBIX HA
KOHEUHBIX aBTOMATaX, siBJIsieTcs: crathsa [lurepa Haypa [l B atoii cratbe aBrop
Ha3bIBaeT MPUMEHEHHBIHN MOAXO0/ «I10/1X0/1oM MamuHbl Teiopunara» (Turing machine
approach), HO peaJlbHO HUKaKasA MamrHa ThIODUHTA B CTaThe HE CTPOUTCS;
MIPUBEJIEHHBIN B CTaThe MOAXO0/I y/IOBJIETBOPSIET BHIIETPUBEAEHHOMY OIIpe/IeIEHUI0
aBTOMAaTHOTO IIPOTPaMMHPOBaHUA.

[ToHATHE COCTOSTHUA MMPOTPAMMBI HE SBJISIETCS SKCKIIO3UBHOU 0COOEHHOCTHIO
aBTOMAaTHOTO MPOTpaMMUpOBaHus. BoobIie roBops, COCTOSHYIE BO3HUKAET IIPU
BBITIOJTHEHUH JII0O0U KOMIIBIOTEPHOM ITPOTPaMMBI U IIpe/ICTaBIIsIeT cCOO0M
COBOKYITHOCTbH Bcell mH(pOpMaIiy, KOTOPasi BO BpeMs UCIIOJTHEHUS] MOKET U3MEHAThCA.
Tak, cocTostHUe IPOrpaMMBbl, BbIIIOJTHEHHOU B TPAIUIITMOHHOM UMIEDATUBHOM CTHUJIE
COCTOUT U3

1. COBOKYITHOCTU 3HaUEHUU BCeX IJI00aJIbHBIX IEPEMEHHBIX U COIEPKUMOTO
JUHAMHYECKOH ITaMATH

2. COAEPKUMOTO0 PETUCTPOB OOIIEro Ha3HAUEHU S

3. COZEPKUMOTO cTeKa (BKJII0Yas aJjpeca BO3BPATOB U 3HAUEHUS JIOKAJIbHBIX
TlepeMeHHBbIX)

4. TEKYyIero 3HaUeHusI CUETUNKA KOMaH/I (TO eCTh TEKYIIel TO3UIIUU B KO/IE
MIpOrpaMMBbl)

CocTaBHBIE YACTH COCTOSITHUS MOXKHO pa3aeisinTb Ha ABHbBIE (TaKI/Ie KaK 3HAYECHHUA
HepeMeHHbIX) 1 HEeABHbBIE (aszeca BO3BPATOB U 3HAYEHHE CUETUYHMKA KOMaHIL).

B KoHTeKcTe BBEIEHHBIX ONpeieJIeHUU mporpamMmmy, 0(pOpMJIEHHYIO B BUJIE MOJIEU
KOHEUHOT'0 aBTOMAaTa, MOKHO CUMTATh YACTHBIM CJIydaeM UMIIEPATUBHOU IPOTPaMMBbI,
TaKUM, B KOTOPOM POJIb HESIBHOM COCTABJIAIONIEN COCTOAHUSA CBe/leHa K MUHUMYMY.
Ecnu paccMoTpeTh aBTOMATHYIO IIPOTPAaMMy B MOMEHTHI Hauajla OuepeIHOrO Iara
aBTOMATa, TO COCTOSTHUS IIPOTPAMMBbI B 3TH MOMEHTHI OYIyT pa3IndaThCs TOJTBKO SIBHOU
COCTaBJIAIOIIEH. ATO 06CTOATENIHCTBO CYIIECTBEHHO YIIPOIIAET AaHAJIU3 CBOMCTB
MIPOrPaMMBlI.

B Teopun 06beKTHO-OPHUEHTUPOBAHHOTO TPOTPAMMHUPOBAHUS CIUTAETCS, YUTO OO HEKT
nMeeT BHyTPEHHeEEe COCTOSTHHE U CIIOCOOEH I10JTydaTh COOOIIEeHUs, OTBeUaTh Ha

HUX, OTIIPABJIATH COODIIEHUS JPYTUM 00BEKTaM U B IIpoliecce 00paboTKU COOOIeHN I
U3MEHATHh CBOE BHYTPEHHEEe COCTOsIHUE. bostee MpuOIM:KEeHHOE K ITPAKTUKE ITOHATHE
8b1308a MemMo0a 00seKMa CYNTAETCA CHHOHNMOM IIOHATHS OMNPasku cooouweHUs
obwvexmy.
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Takum 06pa3oM, ¢ OJTHOH CTOPOHBI, 00BEKTHI B 00'b€KTHO-OPUEHTHPOBAHHOM
MIPOTPAaMMHPOBAaHUU MOTYT PaCCMaTPUBAThCs KAK KOHEUHbIE aBTOMAThI (MJIH, €CITH
YTOJTHO, MOJIEJT! KOHEYHBIX aBTOMATOB), COCTOSTHHE KOTOPBIX ITPE/ICTaBIIsIET COOO0M
COBOKYITHOCTb BHYTPEHHHUX I10JIEH, B KAUeCTBe JKe Il1ara aBToMaTa MOTYT
paccMaTpUBaThCs OUH WIH HECKOJIBKO METOZI0B 00hEKTA ITPH YCJIOBUH, UTO STH
MEeTO/bI He BBI3BIBAIOT HU caMU ce0s1, HU IPYT APyTa HU MPSIMO, HA KOCBEHHO.

C npyroi CTOpOHBI, OUYE€BUIHO, UTO MMOHATHE 00bEKTa IMPEACTABIIAET COOO yAAUHbBINA
WHCTPYMEHT peaIn3aIiiy MOJIeJId KOHEYHOTO aBToMaTa. I[Ipu mpuMeHeHU! Tapaiurmbl
aBTOMATHOTO IPOTrPaMMHUPOBAaHUSA B 00hEKTHO-OPUEHTHPOBAHHBIX SI3bIKaX OOBITHO
MO/IeJI aBTOMATOB IIPEeJICTABJIAIOTCA B BUIE KJIACCOB, COCTOSIHHE aBTOMAaTa
OTIMCHIBAETCS BHYTPEHHUMU (3aKPBITHIME) MOJISIMH KJIACCa, a KOJI [Iara aBToMara
odopmisieTcs B BU/Ie METO/a Kylacca, IPUUEM TaKOU MeTO/], CKOpee BCero OKa3bIBaeTCs
€IMHCTBEHHBIM OTKPBITHIM METOZ0M (He CYNUTasI KOHCTPYKTOPOB U IECTPYKTOPOB),
U3MEHSIONUM COCTOSTHHUE aBTOMaTa. /Ipyrue OTKPBIThIE METObI MOTYT CJTY>KUTD JIJIS
MoJIyYeHusA UHHOPMAIIUH O COCTOSTHUM aBTOMATa, HO HE MEHSAIOT ero. Bee
BCIIOMOTaTeJIbHbIE METOABI (HAIIPUMED, METOABI-00PAa0OTUNKH OTAETbHBIX COCTOSTHUH
WJIM UX KaTerOPUH) B TAKUX CIy4Yasx OOBIYHO YOUPAIOT B 3aKPBITYIO YaCTh Kjlacca.

A3bIk mOCIeToBaTeTbHBIX QYyHKITMOHATBHBIX cxeM SFC (Sequential Function

Chart) — rpaduyeckrii A3bIK MPOrPAMMHUDOBAHUA IITTPOKO HCIIOIB3YETCS JIJIS

IIporpaMMHUupPOBaHUA IIPOMBINIJIEHHBIX JIOTHYECKHUX KOHTPOJIJIEPOB PLC.

B SFC nporpamMMa onuChIBa€eTCs B BU/IE CXeMaTHUECKOU MOC/Ie0BAaTEIbHOCTH II1aroB,
00'beTMHEHHBIX TIEPEXO/TAMH.

¢ JIpakoH-cxeMbl — rpadpuIecKuil A3bIK MPOTPAMMUPOBAHUS, UCIIOJIb3YETC JIJIS
MIPOrpaMMHPOBAHUS B PAKETHO-KOCMHUYECKOH TexHuKe («BypaH», « Mopckon
crapT», « Tonosb»). CymiecTByeT OecIyiaTHBIN [[pakoH-pesakTop.

o Azwik Pedrexc — Cu-mmog00HBIH SI3bIK IPOTPAMMUPOBAHUSA, OPUEHTHPOBAHHBIHN
Ha OIHCAHME CJIOKHBIX AJITOPUTMOB YIIPABJIEHUS B 33/1a4aX IIPOMBIIIJIEHHON
aBTOMATH3AIIHH.
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