KomnbloTepHble MHCTPYMeHTLI B 06pasoBaHuy, 2019
Ne 2: 87-107

YAK: 37.01:007+ 004.82+004.85+519.713
http://cte.eltech.ru
doi:10.32603/2071-2340-2019-2-87-107

TABJILUA COCTOAAHNIA
HEAETEPMWHWPOBAHHOIO KOHEYHOIor ABTOMATA:
HAYYHbI NPOEKT A1 CTAPLUEK/TACCHVUKOB

A6pamsH M. 3.", kaHanaaT dusnko-mMaTemMaTUUeCKUX HayK, AOLEHT, m-abramyan@yandex.ru

MenbHuKoB b. ®.2, pokTop dm3MKo-MaTeMaTMveckux Hayk, npodeccop,
bf-melnikov@yandex.ru
MenbHukoBa E. A3, kananaaT pn3nKo-maTeMaTUUeCKNX HayK, AOLEHT,
ya.e.melnikova@yandex.ru

THOXHBI pegepanbHbIii yHUBepcuTeT, ya. bonbluas CagoBas, 4. 105/42, 344006, PocToB-Ha-JloHy, Poccust

2CoBMECTHBII yHuBepcuTeT MIY - MW, paitoH JlyHraH, JatloHbCUHBYIH, yanua Fousngactoetoans, 4. 1,
517182, NpoBuHuma NyaHayH, LLUsHWKaHb, KnTaii
3poccuniickuii rocygapcTBEHHBIV CoLManbHbIN yHUBEpPCUTET,
yn. Bunerenoma MMuka, 4. 4, ctp.1, 129226, Mocksa, Poccus

AHHOTaUMsA

C koHUa 1960-x rofoB n3yyaeTcs 3ajavya MUHUMU3aUUM HeJeTEPMUHUPOBAHHbIX KOHeY-
HbIX aBTOMaToOB. B npakTuyeckux nporpaMmMax Ans 601bLINX pa3MepHOCTeld noayveHne
TOYHOrO OTBeTa 06bIYHO 3aHMMAaeT HerpuemMaemo 6o/bLloe Bpems. B ¢BS3u € 3TM Hac
VNHTEpeCytoT, CPeAn NPOoYUnX, IBPUCTUYECKUE anrOPpUTMbl PeLleHns 3ajavn — anropuT-
Mbl, <HAYEro He obellatoLme», 0JHAKO Ha NpakTuKe B 6ONLLUMHCTBE ClyyYaes jatoLune
3a npuemiemoe BpeMsi paboTbl peLleHue, 6a13Koe K ONTUMaabHOMY.

Mpeanaraemblii WKOABHMKAM MPOEKT HanpaBAeH Ha YacTM4YHOe pelleHue OAHON U3
BCMOMOraTe/lbHbIX 3ajay, BO3HUKAKOLWMX B YNOMSIHYTOM ONTUMM3ALMOHHON 3ajaude.
[Ans 3TOro Mbl cneumanbHbIM 06pa3oM onpejensieM OTHOLLUEHWE 3KBMBANEHTHOCTU Ha
MHOXeCTBe Tabauy, 3agaHHoro pasmepa M x N, 3anofiHeHHbIX 3nemeHTamu 0 un 1.
MonyyeHne KoAMYeCTBa HEIKBMBANIEHTHBIX Tabauw, pa3MmepHocTu 8 x 10 byaeT aBATLCS
CepbE&3HbIM LLArom Ha MyTu K floKa3aTeNbCTBY TOro ¢pakTa, YTo OMMCaHHbIA ewwé B 1970 T.
npumep «naoxoro» aBToMata (Tak Ha3biBaeMoro aBToMaTa Batepnoo) — MuHMManbLHO
BO3MOXHbIA MpUMep, He NMEeoL N «MeHbLUNX» aHaNOroB.

[Ana pelleHna 3ajayun Mbl CHavana npejnaraeM NAOXoli anroputM, 3akatouarouiics
B NPOCTOM nepebope mMaTpuL. ITOT aNrOpUTM XOPOLLO paboTaeT Ha MaTPULAX MasblX
pa3MepHOCTeil, HO, Kak 0bbIYHO B MOAOGHbLIX CUTyauusx, Npu nepexoge K 60abLWNM
pa3MepHOCTIM OH paboTaeT HenpuemaeMo A0Aro. Jns yMeHblUeHUs BpeMeH) paboThl
anropuTMa Mbl NpeAnaraem HeckobKO 3BPUCTMK U MPUBOAUM pe3yabTaTbl paboThl pas-
HbIX BepcuiAi Nporpammel. Llenb npoekTa — co3gaHne HOBbIX 3BPUCTHUK, eLué bonbluee
ybbICTpeHne BpemeHW paboTbl MPOrpamMMbl 1, MO BO3MOXHOCTM, MOAyYeHue OTBeTa
(konnyuectsa Tabaunu) Ana pasmepHocTy 8 x 10.

[na 6ONbLUNHCTBA OMWCbIBaeMbIX B CTaTbe BapvaHTOB aroputMa Mbl MPUBOAUM pea-
NM3aumio Ha A3blke C#, NCMONBb3YIOLLYIO MPUHLMUMEI 06bEKTHO-OPNEHTMPOBAHHOrO MpPo-
rpamMmmupoBaHus. Mbl npegnonaraem, YTo jasbHeiiwas paboTa Haj NPOeKkToM byzeT 3a-
KNtoYaTbCs B fanbHeliwen MognduKauum npuBesEHHbIX HaMM NporpamMm.
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1. BBEAEHUE. NPEAMETHAA OBJIACTb

Bo BBeJleHWM MBI IIOIIBITaeMCS KpaTKO PacCMOTpPeTh IIpeAMeTHYH 06J1acTh, TO eCThb
IIpUBeIEM caMble 3JIeMeHTapHble CBefleHs 0 HeZleTepMUHUPOBaHHBIX KOHEUHBIX aBTOMAaTax.
A MMeHHO, KPaTKO PacCMOTPUM TaK HasbIBaeMble aBTOMaThl PaGuHa-CkoTTa (MezBeseBa) ',
IIPUYEM IIPUBELEM TOJIBKO HePOPMaAbHbIE OnpedeeHUS.

ByzmeMm cumTaTh aBTOMAaTOM OPHMEHTHPOBAHHLBIN rpad, y KOTOPOro Kakjas Ayra IloMede-
Ha OyKBOI HEKOTOPOI0 KOHEUHOI0 ajidpaBUTa, HEKOTOPhIE BEPIIIUHGI (BXOZbI) JOIIOIHUTEIHHO
IIOMe4YeHbl MaJIeHbKUMU BXOJSAIIMMHY CTPEJIKaMHU, a HEKOTOPhIe APYyrHe (BBIXOAbI) — MaJIeHb-
KUMU BBIXOIIIIIUMH, IIPU 3TOM BXOJT MOYKET SIBJIATHCS U BRIXOZOM. [IpuMep — aBTOMaAT, IIpU-
BeéHHBIN Ha puc. 1:

Puc. 1

Ero BepmnHel — {1,2,3}, BX0oZ, ogH — {1}, BBIX0ZI0B fBa — {2,3}. B aBTOMAaTe BO3MO>KHBI
IYyTU-IIeTJIN, UYTO U BUJHO Ha IIPUBEIEHHOM IIpUMepe: TaKUX IIeTeJb 3, IOCKOJIbKY U3 BepIu-
HEI 2 B Heé )Ke BeJ[yT [iBe OyTU-TIeTJ/IH, C IOMeTKaMU a U b.

Takue aBTOMAaThl IPUMEHSIOTCS AJIS1 OIIpeZiesIeHUs TOT0, IPUHAJJIEKUT JIU CJIOBO 3afjaH-
HOMY aBTOMAaTOM pe2yAapHOMY SA3BIKY; UHBIMHU CJI0BAMHU, I3BIK — MHOKECTBO TaAKHUX CJI0B —
3a/aéTcs aBToMaTOM. Midd 110 iyraM 0T KaKOTO-HUOYb BXOZla aBTOMaTa K KaKOMY-HUOYIb ero
BEIXO[ly, MBI BBIIIUCHIBAEM OyKBBI (IIOMETKHU [IyT) IIOAPSAJ, CJIeBa HAIIpPaBo; TO, UTO IIPU 3TOM
II0JIy4YaeTcs, IBJIseTcs CJIOBOM aBToMaTa (ero si3bIKa), HUUTO APYyroe CJIOBOM aBTOMaTa He SB-
JsieTcs. B HallleM mpUMepe CJIOBOM aBTOMaTa, MPUBENEHHOTO Ha PUC. 1, IBIsIETCS, HAIIpUMep,

1 «Kax 0GBIYHO B MOZ[0GHBIX CHTYAIUAX», aBTOPCTBO IIPHITUCHIBAETCS He POCCHECKOMY (COBETCKOMY) YIEHOMY
10. MeziBenieBy, a M. Pabuny u /I. Ckorty. CraTes 0. MexBeneBa [1] Brimwia B 1956 r. (Ipu4éM 3TO — He IepBas
CTaThsl Ha JaHHYIO TeMy, OHa BBIINLIA y>Ke B 00paTHOM IlepeBojie Ha PYCCKUM SI3BIK), B TO BpeMs KaK IlepBas U3
craTeii PabuHa u CkoTTa BhIIILIa B 1959 T.

OpHako UMeHHO Pa6uH 1 CKOTT BIIOC/IeACTBUH (B 1976 T.) IIOy4YHIN 38 KOHEYHbIe aBTOMAaThl THIOPHUHIOBCKYIO
npemumo. [Ipyr 3TOM fiake OHU He C/IMIIKOM KaTeTOPHYHO TOBOPAT O CBOEM IIpHOpHUTeTe. BOT, HallpuMep, IiuTaTa
U3 «TBIOPUHTOBCKOM» JIeKITuH CKoTTa ([2, c. 69]): «... Hally coBMecTHYyI paboTy [MbI c PabuHOM] cieanu B 1957 T.
BO BpeMsd JIeTHel IPakTUKU B IBM. KoHe4UHO, Mbl He 0bL1U eOUHCMBEHHbBIMU 8 IMOil 06.1acmu, OFHAKO HaM YAaJI0Ch
paspaboTaTh HeCKOJIBKO OCHOBHBIX HJlei».
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abbbba. 3To CJII0BO MOKHO IIOJIyUUTh, Iepebupas BepIIUHEI CIeAyIoM obpasoM: 1333122
160 1331222, U HecJIO’KHO [I0Ka3aTh, YTO €CJIU HEKOTOPHIHM SI3BIK MOJKET OBITh 3aJjaH (XOThb
OlHUM) KOHEYHBIM aBTOMAaTOM, TO OH MOJKET OBITh 3ajaH 6eCKOHEUHBIM YHCJIOM aBTOMAaTOB.

11 Hac 04eHb Ba)KHO OTMETHUTH CJIefyroliee. Bo-IIepBEIX, I Ka)KAOr0 aBTOMaTa MOKHO
JIETKO IIOCTPOUTH TaK Ha3bIBaeMbIU 3epKaJbHbBIN (MU3MEeHUB Ha IIPOTUBOIIOJIOKHEIE HAlIpaBJie-
HUI BCeX ero CTPeJIOK, «60JIbIINX» U «MaJIeHbKUX», IyT, BXOJ0B U BBIX0JI0B), KOTOPBIM 3a/1aéT
3epKaJIbHBIN A3BIK (Tje Ka’KIoe CJI0BO UCXOIHOTIO sI3bIKa YUTAETCS CIIpaBa HaleBo).

[TprMep 3epKaJbHOTO aBTOMATA ([JI1 aBTOMAaTa, paHee HaMU paCCMOTPEHHOTI'0) IIPUBEEH
Ha puc. 2.

Puc. 2

BO-BTOpLIX, eC/In 'y aBToOMaTa:

— b0 uMeeTcs 60Jiee OMHOTO BXO/Ia;
— 60 uMeeTcs (XOTh OZHA) BEPIINHA, U3 KOTOPOM BEIXOIAT 2 (u1u 60s1ee) IyTHU C OMHA-
KOBBIMHU IIOMETKaMH,

TO TaKOM aBTOMAT HasbIBaeTcs (COGCTBEHHO) HeJleTepMUHHUPOBaHHEIM. B HallleM mpuMepe o6a
aBTOMaTa (M 3alaHHBIN U 3epKaJIbHBIN) — HeJleTepPMUHHUPOBaHHEIe: HAIIpKMeD, y aBToMaTa Ha
puc. 1 13 BEPIIUHEI 3 BRIXOASIT 2 IyTH, IOMeUYeHHbIe 0THOU U TOM Ke 6YKBOH b.

I Ka>K/I0ro aBTOMaTa CYI[eCTBYeT 3KBUBAJIEHTHBIN eMy [eTepMUHHUPOBAHHBIN, B KOTO-
POM HeT HH OJHOTO B3 IBYX CPOPMYJIHMPOBAHHBIX «HEAOCTATKOB». [IpoIiecc Impeobpa3zoBaHUs
HeJleTepPMHHHUPOBAHHOIO aBTOMAaTa B leTEPMUHHUPOBAHHLIM (TaK HasblBaeMas JleTepPMUHH3a-
I¥s1) BeCbMa Ba’keH, OLHAKO 3/leCh MBI He Oy/leM ero pacCMaTpUBaTh; CKa>kKeM TOJIBKO, UTO B
3TOM IIpoIiecce MBI paccMaTpHUBaeM MHOKeCTBO BEPIIIHMH CTaporo aBToMaTa KaK eJUHYI0 KOH-
CTPYKIIMIO, eIHOe I1eJI0e, OJHY BEPIINHY aBTOMaTa HOBOTIO.

PaccMoTpuM gpyToi IIpuMep, IIPUYEM OoJiee TIpocToi. [IyCcTh UCXOIHBIN aBTOMAT U3006pa-
JKEH Ha pHuC. 3:

Puc.3
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JKBUBAJIEHTHBIA €My NeTEPMUHUPOBAHHBINA (IPUYEM TaK Ha3bIBAEMBIH KAHOHUUYECKUIl, TO
eCTh MUHUMAAbHbL demepMUHUPOSAHHbLI) IPUBEIEH Ha PHUC. 4%:

Puc. 4

OTMeTHM, YTO IIPH 3TOM JIETKO OIIpeZiesisieTcsl TaK HasblBaeMoe coomeemcmeue 6epuluH,
daKTHYeCKH yrKe II0JIydaBllleecsd B IIpOIiecce eTepPMUHU3ALAU:
— BepIIMHe 1 COOTBETCTBYIOT [iBe BePIIUHL — A U B,
— BepIIuHe 2 — TOJIBKO B,
— aBepiuHe 3 — ToabKO C.
Tereps pacCMOTPUM 3epKaJbHbBIH (/I KUCXOJHOI0) aBTOMAaT — OH IIPUBe/IEH Ha PHUC. 5:

Puc.5

CTOUT OTMETHUTH, UTO B HAaIlleM IIpHMepe 3epKaJIbHBIM aBTOMAT GaKTUUECKH COBIIalaeT C UC-
XO[IHBIM (TO €CTh OH MOJKET OBITH IIOJTydeH U3 HEero IIepeuMeHOBaHHEM BEpPIIHH, Cp. PHUC. 3),
HO B 00111eM cJIy4yae TaKoe COBIIaJleHre, KOHeYHO, He 00g93aTeIbHO. [leTepMHUHUPOBAHHBIN (Ka-
HOHHWYECKHUN) aBTOMaT JJIs1 3epKaJIbHOTO IIPUBEIEH Ha PUC. 6:
OH coBIIaZiaeT Cc aBTOMATOM, IIPUBeIEHHBIM Ha PHUC. 4, HO B 00IIleM cIy4ae TaKou QaKT ToxKe
HeBepeH. A COOTBETCTBHE BEPIINH B C/Iydae 3epKaJbHbIX aBTOMAaTOB U I3bIKOB TaKOBO:

— BepIIHHE 1 COOTBETCTBYIOT [iBE BEPIIUHEL — X U Y,

— BepIIuHe 2 — BepllIrHa 7,

— a BeplIInHE 3 — BepIInHa Y.

B npouecce makoz2o nocmpoeHust Mbl IIOJIYYH/IA OUeHb BaXKHYIO I Aa/IbHeHUIIero U3JioxKe-

HUs UHQOpPMaIUIo:

— BeplIuHa B (Ha puc. 4) «uepe3» BepIIUHYy 2 (Ha pUC. 3 U 5) COOTBETCTBYET BepIIUHE /

(ua puc. 6);

2 E1rié pas OTMETHM, YTO MBI He GydeM HPHBOIHUTE aITOPHTMEI IIOCTPOCHES:
— JleTepMHUHHPOBaHHOTO aBTOMaTa Ha OCHOBe IIPOM3BOJILHOTO aBTOMaTa /IJIsI 3a[JaHHOTO PeTY/ISIPHOTO SI3BIKa;
— KaHOHHYEeCKOro aBTOMaTa Ha OCHOBE JileTepMUHUPOBAHHOTO.
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Puc. 6

— aHAaJIOTrM4YHO BeplnHa C — BeplIuHe Y,
— a Kaxkgas U3 BepllMH A U B («gepes» BepIIUHY 1) — Ka)K[ 0l U3 BepIIrH X U Y.

Taxum 06pa30M, I10JIy4JaeTcda ma6/lul4a coomeemcmeust éepuuH asmomamaoe, HSOGpa)KéHHLIX
Ha pHuc. 4 1 6 (KaHOHUYECKHUX [JId 3aJaHHOTO0 X 3€PKaJ/JIbLHOTO SI3bIKOB) — B HalIleEM IIpuMepe
TakKas Ta6JII/ILIa IIpUBe/IeHa Ha pHUcC. 7:

Y| Z X|Y|Z
Al# | # All|1]|0
B|#|# | # Bl1|1]1
C # c|o|1]0

Puc. 7

(3mech 1Ba BapuaHTa: cjleBa — 06oJiee HaIJIITHBIMN, a clipaBa — 6oJiee GopMaIbHEIN). IMeHHO
¢ 1o 06HBIMHU TabIUIlaMU MEL U OyZieM paboTaTh B JaJbHEUIIIEM.

JUTst IIpOrpaMMUPOBAHUS CTaPIIMMU IITKOILHIUKAMHI HHTePeCHH! ° 3alaul M0OeAUPOSAHUS
pabombsl KOHEUYHBIX aBTOMATOB (TO eCTh I10JIyYeHUsI 0TBeTa Ha BOIIPOC, IPUHAJIEXKUT JIU HEKO-
TOpOe 3a/IaHHOE CJIOBO SI3BIKY HEKOTOPOTO 3aZlaHHOT0 aBTOMAaTa), OHAaK0 MbI He 6y/leM BX pac-
cMaTpuBaTh. TakyKe 0TMETHM, UTO, KaK HU CTPaHHO, AJI51 OIIHMCAHUS IIpoeKTa MO>KHO 060HUTHCh
¥ 6e3 BBIIIEITPHUBEIEHHBIX 3JIeMeHTapHBIX CBe/IeHU 0 HeJleTepPMHUHHUPOBAHHBIX KOHEUHBIX aB-
TOMarTax...

2. MOTUBALMA — ANA YErO bYAYT NOJE3HbI PE3YJIbTATbI MPOEKTA

OueHb KpaTKO paccKakeM 0 BO3MOKHOM IIpUMeHeHUH Pe3yJIbTaTOB IIPOeKTa «Ha BBICIIIEM
YpOBHE» (B YaCTHOCTH — IMOYEeMYy HaM UHTepeCHa UMeHHO pa3MepHOCTh 8 x 10).

C xoHIa 1960-x ToIOB M3y4aeTcsa 3adava MUHUMU3AUUU HeleTEpPMUHUPOBAHHBIX KOHEY-
HBIX aBTOMAaTOB, TO €CTh 3ajlaua MOCTPOeHUsI HedemepMUHUPOBAHHO20 KOHEUHOTO aBTOMATa,
OIIpefesIAIoIIero 3alaHHbIN pPeryIsapHbIN S3bIK U UMERIIer0 MUHUMAJJIbHO BO3MO>KHOE UM CJI0
COCTOSTHUU. BpsiT T JIETKO y/IacTCSd HAWTH CTaThlo, B KOTOPOM 3Ta 3a/iaua ObLIa IIOCTaBJIeHa
BIIEPBBIE, @ B MOHOTpaQHUUeCKOM JIUTepaType OHa BIEpBEIe ObLIa YIIOMSHYTA, I10-BUAUMOMY,
B [3] (mcxomHOe aHTJIMIICKOe H3TaHHe KHHUTH BHINLIO B 1972 r.). B Hadase 1990-X B HECKOJIb-

3 ITpruém He B KaueCTBe CJI0’KHBIX 3aJJaHUY, a «KakK JlabopaTopHble paboThI».
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KHX CTaThAX 6BUI0 He3aBHCHMO IT0Ka3aHo, YTO 3Ta 3ajada aBJsgeTcs NP-1osHok #; are Bcero
CpeJy 3THUX cTaTel muTupyeTcs [5]. TakuM 06pas3oM, 11 60JIBIINX pasMepHOCTeH II0JIydYeHHe
TOYHOI'0 OTBeTa 0OBIYHO 3aHUMaeT HellprueMJyIeMO 60JIbIIIoe BpeMs. B CBSI3H € 3TUM HacC BCerza
(TO ecTh BO BCeX KOHKPETHBIX II0CTAHOBKAX IIP06JIeMbl) HHTEePeCyIoT, Cpefy IIPOYUX, U I68puU-
crmuuecKue aJrOpUTMEI pellleHUs 3aJaqy — aJITOPUTMEL, «<HU4Uero He obeljaroinye», 04HAKO Ha
IIpaKTHKe B OOJIBIIMHCTBE CIydaeB Jallue 3a IIpreMIeMoe BpeMsl paboThl Tak HasblBaeMoe
IICeBIOOIITUMAJIBLHOE pellleHue, 6JIM3K0e K OIITUMaJIbHOMY.

OuH U3 BOSMOJKHBIX II0IXO/I0B K PeIlleHUI0 3aja4yH (B YaCTHOCTH, K CO3JaHUI0 3BPUCTU-
YeCKHUX aJTOPUTMOB JJI €€ pellleHus) — 3TO TaK HasblBaeMbIH IToAxof IloJlaka, 3ak/Ir04aro-
IIMiicsa B BeIOope 6JIOKOB (TPHUI0B) TaK Ha3bIBA€MOT0 YHHBEPCAJIbHOTO KOHEYHOr0 aBTOMAaTa
(cM. HeKOTOPBIE ITOAPOO6HOCTH B [6, 8]). Takue 6JI0KU BbIOMPAIOTCS UMEHHO Ha OCHOBe Ta0JIuLl,
paccMOTpeHHBIX B IIpeJbIAyIneM paszesie. PaccMaTpuBaTh 6oJiee IIOAPOGHO MBI He O6yzeM (3To
BBIXOJUT 38 PaMKHU IIpefjiaraeMoro IIpoeKTa), OZHaKo IIpeAriojgaraeM BepHyThHCI K 3TOMY BO-
IIPOCY B CTaThe-IIPOI0/DKEHUH.

Emé B 1970 rogy B cTaThe [7] 65UI ONTy6IHMKOBAH IIPUMeEP °, TOKa3hIBAIONTHE HeIIPHMEHH-
MOCTB «CaMOT0 KaJiHOI'0» aJITOPUTMa MUHHUMHU3ALAY; 0JHAKO, II0-BUITUMOMY, «II0JTHOE OCMBIC-
JIEHHe» 3TOT0 IIpuMepa 6BLJIO CleJIaHO TOJIBKO B YIIOMIHYTHIX CTaThX [6, 8]. HecmoTps Ha To,
4TO 3TOMY IIPUMepPY II0YTHU I10JIBeKa, II0Ka HeJlb3s1 CKa3aTh, HACKOJIBbKO OH «BpeJleH» I Npak-
muyecKux aJITOPUTMOB pellleHUs 3aJayil MUHUMHU3AUU . .. [JJId wacmu4Ho20 0OTBeTa Ha 3TOT
BOIIPOC U IIpeJHa3HaueH IIpe/ylaraeMbIN IIPOEKT.

OTZeJIbHBEIM BOIIPOCOM MOJKHO CUHTATh OIMCAHME CBSI3H MEXAY COOPMYJIHPOBaHHBIMU
HaMM BapHaHTaMU IPoeKTa U IIOJCYETOM UHCIa 08YJ0/1bHbIX 2pagos CIielaabHOI0 BHA
(mpo mociemume cM. [9, 10], coBpeMeHHBIN ABYXTOMHUK [11, 12] u ap.). Kak u s paccMoT-
peHus MHO>KeCTBa 0JIOKOB, IIPUBOUTE 60Jiee IIOAPOOHOe HM3JI0KeHHe Mbl He Oy/ieM, OJJHaKO
TaK’Ke IIpeflioiaraeM BepHYTHCI K 9TOMY BOIIPOCY B CTaThbe-IIPO0J/DKEHUH.

Ha cBsg3aHHBIe TeMBI VIIOMSHEM TakK)Ke HEKOTOpble ITyOJIMKAIlMU aBTOPOB HACTOSIIeH
CTaTbU:

— «TeopeTHYeCKHe» IIybuKaruu — cM. [13-16] u ip.;

— OIMHCaHWe TPaKTHUYEeCKUX aJITOPUTMOB, CBSI3aHHBIX C ABMOMAMUUYECKUM UCC/1e008AHUEM
aBTOMarta u3 [7], — cM. ctaThio [17];

— OIHMcaHWe NOJ00HBIX aJTOPUTMOB, IIPUMEHSIEMBIX B IPYTUX (CMEXKHBIX) 3a/lavax IHC-
KpPeTHOU OIITUMU3AITUU — CM. [18, 19].

HTak, MBI MOXeM CKasaThb, UTO IIOJIy4YE€HHE KOo/iuHdecmea He3IKeUBA/IEHIMHbBIX ma6/lu14 pas-

MepHOCTH 8 x 10 6yIeT SIBJISITHCSI CePhE3HBIM IIIaroM Ha IIYTH K /I0KA3aTeJbCTBY TOrO QakTa,
YTO IIpUMeEP U3 [7] — MUHUMATHHO BO3MOXKHBIH IIPUMEp «ILIOXOT0» aBTOMATA.

3. MOCTAHOBKA 3AZAYN — NMPOCTOW BAPUAHT

Urak, 6yeM paboTaTh ¢ MaTpUllaMU (TabsMIjaMu), aHAJOTUYHBIMU IIPUBEEHHOMN BBIIIIE
Ha puc. 7; MaTpHIa 3amnojHeHa ajeMeHTamMul 0 1 1. BygeM cuuTaTh, He orpaHHUYMBasg 0O6II-
HOCTH, YTO MaTpHIla «IEXUT», TO eCThb IIyCTh YHUCJIO eé CTPOK (771) He IIpeBHIIIaeT YUCIa eé
cToJI6IIOB (17). CuUTaeM, YTO MaTpHUIla 06J1a7aeT CIIeUaIbHBIMU «XOPOIITUMU» CBOMCTBAMHU:

— B HeU HeT OJUHAaKOBEIX CPOK;

4 Kuur mpo NP-IIOTHOTY «IIOJIHOCTBIO Ha IIKOJIEHOM YPOBHE», [I0-BH[EMOMY, HeT. OJHaKO, HATPUMED, COOTBET-
CTBYIOIIIUM MaTepHaJl U3 [4] cTaplleK/JacCHUKH OCBOUTH MOTYT.

5 Mo>kHO cKa3aTh, 4TO B IIpHMepe paccMaTpHUBaeTcs TabIMIa pasMepHOCTH 8 x 10. To eCTh UCXOOHbLil Oemepmu-
HUPOBAHHbLI aBTOMAT UMeeT 8 COCTOSIHUM, a KaHOHUHeCKUll 0.1 3epKa/bHO20 I3bIKa — 10 COCTOSTHUH.
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— HHKaKasi CTPOKa He COCTOUT TOJIBKO K3 0;
— oba HO,Z[OGHLIX YCII0BHA BBITIOJIHAOTCA U OJIA CTOJI6IJ;0B.

MoyxHo nokasath ([13]), uTo ar0b6ass MaTpulla, 3amojHeHHas 0 ¥ 1 U UMewIas 3TH
CBOMCTBA, MOKET SIBJIATHCS MaTPHUIleN COOTBETCTBHUS BEPIIIMH HEKOTOPOTO aBTOMAaTa (ToOUHee,
HEKOTOPOTO g3bIKa, OIIpefiesIIeMoro aBToMaToM). IIpyyéM M3 3TUX YCIOBUU CllefiyeT Hepa-
BEHCTBO 1 < 2m-1. TakuM 06pa3om, JJId 4rces /71 U 11 BBIIOJHSIETCS JBOMHOE HEPaBEHCTBO:
ms<ns<2m-1.

BgoodHuwlii npoekm. CKOAbKO 015 3A0AHHbIX HAMYPAIbHbIX 11 U 11 CyWecmayem makux «xo-

powux» Mampuy, pasmepHocmu m x n?
Kax 06BIYHO B IIOZ00HBIX CIydasX, 3Ty 3aiady MOKHO paccMaTpUBaTh:

— U KakK MaTeMaTU4eCKyIo (KOMOMHATOPHYIO),
— M KaK IIPOIPaMMUCTCKYIO (11epebopHYy10).

To Ke caM0Oe OTHOCHUTCSI ¥ K OCHOBHOM TeMe Pa6oThl, KOTopasi 6yZeT chopMyIMpOBaHa jiajee.

4. NOCTAHOBKA 3AAUYMN — MOJIHbIA BAPUAHT

[TocJre TOr0 KaK MbI HAyYHJINICh BRIOUpaTh BCe MaTPHUIIL, KOTOPEIEe MOTYT OBITH MaTpHUIIAMHU
COOTBETCTBHUS COCTOSSHUM BepIIKH, BOSHUKAaeT TaKOM BOIIPocC. Belb 04eBHUIHO, UTO caMu 060-
3HaUeHUs BePIINH MOKHO BBOJUTE OoJiee-MeHee IIPOMU3BOILHO. U ITOCKOIBLKY MBI 3aIIHCaIn
BePIIUHEI 000MX KAHOHUYECKHUX aBTOMAaTOB KaK CTPOKH (CTOJIOIIBI) MaTPULIBI, TO IIPU APYTUX
HMeHaX CTPOK UM /HJIH CTOJIOIOB MBI II0JIYYUM U3MeHeHNe MaTPHUIIBL IIyTEM I1epeCTaHOBOK eé
CTPOK U/ UJIU CTOJIOII0B. MaTpUIIEL, IToJTyYyaeMble OffHA U3 JPYTOM TaKUM 06pasoM, 6yzieM cuu-
TaTh 9KBUBAJIEHTHBIMU. IIpoCTOM ITpuMep IIPUBeLEH fajlee Ha pUC. 8 (0603HAUeHUS CTPOK U
CTOJIOIIOB, KaK MBI QaKTHUUYeCKH yrKe OTMETH/IH, HeIIPUHIIUIINAIbHbI) — BTOpas MaTpHIla I10-
JIydaeTcs U3 IIepBOH IIepeCTaHOBKOM 2-U U 3-H CTPOK U 2-TO U 3-TO CTOJIGIIOB:

110 1/11]1]0
0|1 01
1|0 0 1
Puc. 8

OcHO8HOIl npoeKm. CKObKO 0151 30AHHbLX HAMYPAAbHBIX M U 1l CYW,eCmnayem «XOpoulux»,
NpU4éM NONAPHO HEIKBUBANEHIMHBIX MAMPUY, DASMEPHOCU N X 12

PaccMoTpHM IIpOCTHIE IIPUMEPEI. /1711 pa3MepHOCTH 2 x 3 BOSMO>KHEI TOJIBKO 3 Pa3/IMYHbIX
cTosbna (crosibert u3 ofHUX 0 II0 YCJIOBUIO HEBO3MOKeH) U, BCIECTBHE 3TOr0, 8C€ MAaTPHUIIHI
TAKOTI'0 pasMepa 9KBUBAaJIEHTHBI Me>Kly COO0H. A BCe BOSMOKHEI€ II0ITaPHO HeIKBHUBAJIeHTHEIE
MaTPHUIILI pasMepHOCTH 3 x 4 (uX 10 IITYK) IIpHBe/leHb] Ha pPHUC. 9.

Jlajlee HaMHU IIpUBeJleHa IIPOCTas peaJu3aliys IIPOCTOI0 I1epe6OPHOro I0JX0Aa, OLHAKO
TaK 3a/[auy pelaTb He Hado (II03TOMy IIporpaMMa IIpUBefieHa IIpaKTU4YecKd 6e3 KOMMeHTa-
pueB). IlpegMeToOM IIpoeKTa SIBJILETCS BBIOOP U pean3aliis 3BPHUCTHUK, [I03BOJISIOIIUX CHUJIb-
HO YMEHBIIIUTH IIOJIHBIN Ilepe6op. [o-BUAMMOMY, IIPU XOPOIIel opraHu3alluy BEIYHCIeHUH
yZacTcs IIPUMEPHO 3a CyTKH paboThl KOMITBIOTepa IIOJIYIUTE OTBET AJIsI pa3sMepHOCTH 8 x 10 —
B KOTOPOM TOJIBKO OAMH BCIIOMOTaTeJIbHBIN aJITOPUTM IIPOBEPKH HEIKBUBAJIEHTHOCTH II0Tpe-
6oBaJ 651 Hepe6opa 2! pasaMuHEIX MaTpuUIl. OTMETHM, YTO XOPOIIO HaJi0 OPraHH30BLIBATh He
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1 1 0 0 01 0j1/1|0 1
1 1 1 1
1/1]0 1 1|0 1/0]0 0|1
1 1 0 0 0]1|1 1
1(0]|1 0 1|0 1
1 0 0 1 1{1/|0 0
Puc.9

TOJILKO aJITOPUTMBI, HO ¥ CTPYKTYPHI JaHHBIX: HAIIPUMep, IPU G0IBIINX Pa3MEPHOCTIX Xpa-
HUTB BCe HeaKBHUBaJIEHTHLIE MAaTPHUIILI Mas103$PeKTUBHO . . .

5. KAK MOXXHO PELLUATb 3AZAYY A1 MAJIbIX PASMEPHOCTEM
(V1 KAK EE HE HAZLO PELLATb A1 PASMEPHOCTEW BO/IbLUIX)

Ilpy GopMyIMpPOBKe IIPOEKTOB MBI CIIe[UAJIBLHO He YyKasblBaJd He06XOJUMYI0 pas-
MEPHOCTb — «4deM 6oJibllle, TeM Jydlie!». IIpoBejéM, OfHaKO, HECJOKHBIE IOJCYETHI: IS
pasMepHOCTH 3 x 4 BOSMOXKHEI 23 = 8 TlepecTaHOBOK CTPOK, 2¢ = 16 IepecTaHOBOK CTOJIGIIOB,
U, CJIefloBaTeIbHO, 27 = 128 «06mux IepecTaHOBOK». TakuM 06pas3oM, [/ IIPOBEPKH [IBYX
MaTpUI] pasMepPHOCTH 3 x 4 Ha HEIKBUBAJIEHTHOCTh HEOOXOAVUMO IIPOBEPUTH TOJIBKO 128
BapuaHTOB. Ko/IMuecTBO MAaTPHI] OLIeHUBAETCS CBEPXY BeJIMYMHOM 212 = 4096 (bakTHUecKkHn
MmaTpul] 6yeT MeHbIlle, TaK KaK He BCe OHU 00JIaflal0T «XOPOILIUMM» CBOMCTBaMU). Ilepe6op
TAKOI'0 KOJIMYeCcTBa IIap MaTPHI] Ja’ke Ha [JOMalllHeM KOMIIbIOTepe II0TpebyeT [oJIell CeKyH-
Iul. [IpaBaa, c pOCTOM PasMePHOCTH aHa/IM3UPYeMBIX MaTPHI] YHCJI0 KaK IIepeCTaHOBOK, TaK U
CaMHX MaTpHI] CTPEMUTEeJIBHO pacTéT. HampuMep, y>Ke I pasMEPHOCTH 5 X 5 UHCJIO «06IUX
IepecTaHOBOK» y>Ke OyZeT IIpuMepHO B 10 pa3 6oJiblile (219 = 1024), a «XOpOIIIHe» MaTPHUIIEI
IIPH/IeTCsl BEIGUPATh U3 22° BO3MOXKHEIX (TO eCTh U3 60sIee UeM 33 MUJLIMOHOB MaTpPHIY).

TeM He MeHee, KaK MBI y>Ke OTMETHJIH, MbI IIPUBOAUM peaIA3aliiio0 IIPOCTOTO0 Iepe6opHo-
IO aJITOPUTMA, B KOTOPOH IIpelyCMOTPUM BO3MOKHOCTB 3aJjlaBaTh Pa3sMepHOCThL 06pabaThIBa-
eMBIX MaTpHII. ITO, B YaCTHOCTH, II03BOJIsI€T UCC/Iel0BAaTh, HACKOJBKO OBICTPO PACTET BpeMs
paboThI aJirTOpUTMa IIPU YBeJINYeHUN PasMepHOCTH MaTpPHIL.

PeasusyeM anropuTM Ha si3bIKe C# Bepcuu 7.0 1 0QOpMHUM ero B BH/(e Kiacca BMatrix.

class BMatrix {

Kitacc 6yzeT cocTOSTh M3 60JIBIIOr0 KOJIUYECTBA WIEHOB (37eCh MBI II0Ka 3aMEeHWIN UX
MHOTOTOYHSIMH); OITHUIIIEM KX II0 OTAeJhHOCTH. IIpeskie BCero, BKIWOUYMM B Kjacc BMatrix
BCIIOMOTaTeJIbHBIN BJI0KeHHBIN Ky1acc Permutations, KOTOpBIH «OyieT 0TBeUaThb» 3a reHepa-
ITUI0 1 IIpe/IoCTaB/IeHre Hab0pOB IIepecTaHOBOK:

protected static class Permutations {
static List<int[]>[] available = new List<int[]>[10];
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public static List<int[]> Get(int n) {
if (n <1 ]| n>10) throw new ArgumentOutOfRangeException();
if (available[n - 1] != null) return available[n - 1];
var result = new List<int[]>();
var num = new int[n];
var current = new int[n];

void step(int pos, int val) {
current[pos] = val;

num[val] = -1;
if (pos == n - 1) result.Add(current.ToArray());
else
for (int 1 = 0; i < n; i++)
if (num[i] != -1) step(pos + 1, num[i]);
num[val] = val;

for (int i = 0; i < n; i++) num[i] = i;
for (int i 0; 1 < n; i++) step(0, 1i);
available[n - 1] = result;

return result;

JTOT KJIacC COCTOUT M3 3aKPHITOTO (private) MaccuBa available, smeMeHT KOTOPOTO C UH-
IeKCOM N COEeP>KUT Hab0phI BCEBO3MOYKHEIX IIepeCTaHOBOK uHcesI oT 0 7o 1 (TakuM o6pasom,
3JIEMEHT C UHJEKCOM 71 COIep>KHUT BCe IIepeCcTaHOBKY MOPSJIKa 1), ¥ OTKPHITOrOo (public) me-
Tofa Get(n), KOTOPBIM II03BOJISET IIOJIYIUTE IIOJIHBIM HA00p IIepecTaHOBOK IIOPSgKa M.

Ha6op IrepecTaHOBOK HYKHOI'O IIOPSKa BBIYMC/IAETCSI €JUHCTBEHHBIN pas — B TOT MO-
MEHT, KOTZia 3TOT Habop BIepBble II0TpebyeTcs B Kiacce BMatrix. ITocienyromiue sapocsl Get
C TeM JKe ITapaMeTpOoM IIPOCTO BO3BPAILIAIOT CCHIIKY Ha yKe BhIYMCJIeHHBIN Habop.

Ha6op nepecTaHOBOK XpaHUTCSI B BHJIEe «CIIHMCKa Ha 6a3e MaccuBa» List, ajeMeHTaMu KO-
TOPOI0, B CBOIO OYepe/b, IBJIIIOTCS MacCHUBbI KOHKPETHBIX I1epeCcTaHOBOK (II09TOMY Habop Ire-
pecTaHOBOK OOUCKhIBaeTcd Kak List<int[]>, a maccuB available Takux Ha60pOB UMeeT OITH-
catesb List<int[]>[]). Ucnosb3oBaHUe CIIMCKa List IO3BOJISIET He onpedeamsb 3apaHee e2o
pasmep, IIOCKOJIBKY I B06aBJIeHUs K CIINCKY HOBOTO 3JIeMeHTa AOCTATOYHO HUCII0JIb30BaTh
ero MetoJ; Add. B gasibHeHIIeM MBI OyZieM 4acTo MCII0JIb30BaTh CTPYKTYPHI THIIA List B ciy-
4Jae, KOIJa pasMep Habopa JaHHBIX HeJlb3sI 3apaHee OIIpeleIUTh.

CienyeT 06paTUTh BHUMaHHUE Ha aJITOPUTM, BBIUMC/SIONIUNN pa3jIUdHbIE IIepeCcTaHOBKU
TpebyeMoro nopsaaka. OH 0CHOBaH Ha TaK Ha3bIBaeMOM «Ilepebope ¢ BO3BpaTOM» — CTaHAAPT-
HOM MeTOJie, UCII0JIb3yeEMOM B CHUTYyaIlUsX, Korja TpebyeTcd IepebpaTh pasduHble KOMOU-
HaIlUY WCXOAHBIX NaHHBIX (MM, UHBIMH CJI0BaMH, KOIjia TpebyeTcs IIPONTH 110 pasIvuyHbIM
MapILIpyTaM B [ilepeBe BapUaHTOB). «SIIpoM» Ilepebopa ¢ BO3BpaTOM SIBJIIETCI PEKYPCHUBHAS
dyHKIUA step, K06aBIAIOIAsa K TeKyIeld KOMOUHAIIUN OYepeSHON 9IeMeHT JaHHbIX (UHBI-
MU CJI0BaMM, BeIOHparolasg odepeJHOM IIar MaplIpyTa B JlepeBe BapHaHTOB). Ilocse aToro
YHKIIMA aHAJIU3UPYeT, II0OCTPOeHa JIM HyKHasg KOMOUHaI4 (IIpoMieH JU BeCh MapIIpyT),
U IIPU II0JIOKUTEJIHHOM OTBETE BO3BpAalllaeT II0JIyYeHHYH KOMOMHAINIO (MapIIpyT) U 3aBep-
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maet paboty. Ilpu oTpuIlaTeIbHOM OTBETE OHA PEeKYyPCUBHO 8bl3bleaem cebs Il [o6aBIeHU B
KOMOMHAITHIO HOBBIX JAHHBIX (BBIIIOJHEHH C/IeIVIOIIeTo 111ara B flepeBe BaphaHTOB).

B paccmaTprBaeMol HaMU peasik3anyy Itepebopa ¢ BO3BpPaTOM BCe IlepecTaHOBKH II0CIe-
I0OBATeJIbHO CTPOSITCA B MacCHUBe current, mpuuéM f06aBJIeHHOE B 9TOT MacCHB 3HaUeHUe val
II0MeYaeTcs BO BCIIOMOTaTeJbHOM MacCHBE Num KaK HCII0JIb30BAHHOE (COOTBETCTBYIOIIEMY
3JIeMeHTy MacCHBa hum IIpHCcBauBaeTcs 0coboe 3HadyeHUe —1), ¥ II09TOMY 3TO 3HaYeHUe yokce
He Modcem 6blmb 8bIOPAHO IIPU IIOCTPOEHUH 3aBepIIIalollel 4yacTH IlepeCTaHOBKU. 3aMeTHUM,
4TO IIPU «BO3BpaTe» U3 OUePefHOr0 IIara aJropuTMa Heo6X0QUMO «CHSITE» C COOTBETCTBYIO-
111eT0 3HaUeHUs MeTKY (IIPHCBOEHHOe paHee 3Ha4YeHUe —1), YTOOHI er0 MO>KHO ObLJIO 106aBJISATH
B IpyTHe IIepecTaHOBKHU.

IIpu go6aBjIeHUH B CIMCOK result odepenHOI IlepeCTaHOBKH, IIOCTPOEHHOM B MacCHBe
current, I JAHHOIO MacCHBa JOIIOJIHUTEIHEHO BEI3bIBaeTCI MeTOL ToArray (), CO3JaroIui
KOIIHIO II0JIyYeHHOI0 MaccuBa (ecJM 9TOrO He C/lesIaTh, TO B CIIMCKe result XpaHHWINCH OBl
OJJMHAKOBbIE CCHIJIKA Ha UCXOAHBIN MacCUB current, 9To, KOHEYHO, 610 6BI OIITHOKOM).

dyHKIUA Sstep oIlMcaHa KakK BJIOKeHHas (JIoKajbHasg) QyHKIMS MeToza Get. BosMmox-
HOCTB HCIIOJIb30BaHU BJIOKEHHBIX QYHKITHH, XapaKTepHas [JI1 TaKUX sI3bIKOB, KakK [lackaib
u IIuToH, 0c06eHHO yAOOHA IIPH peaJu3aliuid PeKypPCHUBHBIX aJrOpUTMOB. B CH-TIOLOOHBIX
A3bIKaX OHA, KaK IIpaBMJIO, OTCYTCTBYeT, OAHAKO peasd3oBaHa B IIOciaeqHeMd Bepcuu 7.0
a3bIKa C#.

Ms1 yaesnmin ocoboe BHUMaHUe Kiaccy Permutations, 4To6BI IIpOIeMOHCTPHUPOBATh pas-
JIMYHBIe 0COOEHHOCTH sI3bIKa C#, UCIT0JIb3yeMEble B Ta/IbHENITEM, ¥ UTOOKI OITHCcaTh npumep pe-
aausayuu memooa nepebopa ¢ 6036pamom, KOTOPBIM TaK)Ke IIPUTOIUTCSI HaM BIIOC/IECTBUH.

Cirepyromias rpyIiiia II0JIet, CBOMCTB U METOZOB KJiacca BMatrix gBiseTcs TpagUIIIOHHOM!.
Ms=I onipeziesiieM cBoMcTBa M M N, oTBedaroljye 3a JOCTYII K pa3MepHOCTH MaTPHUIIb], CBOMCTBO-
WHJIEKCATOp I JOCTYIIa K eé jileMeHTaM, a TaKyKe OIIMChIBaeM [1Ba KOHCTPYKTOpa IJIs1 CO3/a-
HUS MaTpHUIL ¥ MeTof, ToString, BO3BpaIaloliui CTPOKOBOE IIpe/ICTaBIeHIe MaTPHUIThL:

public readonly int M;
public readonly int N;
protected bool[,] arr;

public bool this[int i, int j] {
get => arr[i, jl;
protected set => arr[i, j] = value;

public BMatrix(int m, int n, int init) {

M =

N =

arr = new bool[m, n];

for (int i = 0; i < M; i++)

for (int j = 0; j < N; j++) {

arr[i, j] = (init % 2) == 1;
init = init / 2;

m;
n;

public BMatrix(BMatrix other) {
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M other.M;
N = other.N;
arr = new bool[M, NJ;
for (int i = 0; i < M; i++)
for (int j = 0; j < N; j++)
arr[i, j] = other[i, jI;

public override string ToString() {
string result = "";
for (int i = 0; 1 < M; i++) {
for (int j = 0; j < N; j++)
result += arr[i, j1 2 "1 " : "0 ";
result += "\r\n";

}

return result;

IToCKOJIBKY II0CJIe CO3/IaHUsI MaTPHUIIEI €€ pasMepHOCTh He U3MeHSeTCs, COOTBETCTBYIOIIIME
oyt M 1 N ToMedeHEHI Kak readonly (3To 03HaUaeT, YTO UX 3HAUEHUSI MOYKHO 33/[aBaTh TOJIBKO
B KOHCTPYKTOpax Kjacca). JJleMeHThl MaTPHUIIbI XpaHATCI B (3aKpHITOM) OyI€BCKOM JIByMep-
HOM MacCHBe arr, OfHaKO IJIs [0CTyHa K HUM y[00Hee UCII0JIb30BaTh CBOMCTBO-UH/IEKCATOP
€ IByM{ ITapaMeTpaMU, KOTOpbIe YKa3bIBalOTCI B KBaIpaTHBIX CKOOKaxX U OIIpefesIaioT HHIEKC
CTPOKH U CTOJIOIIA 31eMeHTa (MHAeK caIus, Kak 00bI9HO B C#, BhITIoIHseTcs 0T 0). [t ocTyma
K 3JIeMeHTaM MaTpHIIbI matr JOCTaTOYHO IIPUMEHUTDH HHAEKCUPOBaHUE HEIIOCPEICTBEHHO K
UMeHU MaTpuIel: matr[1i, j]./loCTyn K ajieMeHTaM sIBJIIeTCs OTKPBITHIM Ha UTeHUe U 3allly-
IEHHEBIM (protected) Ha 3alKCch; TAKUM 00pa3oM, U3MEHITH UX 3HAYEeHUSI MOKHO TOJIBKO B
KJlaccax-II0TOMKax KJyacca BMatrix.

[TepBBI KOHCTPYKTOP C HapaMeTpaMu (m, n, init) mpemHasHaueH [ OBICTPOM reHe-
paiyu BcexX BO3MOYKHBIX MaTpHI] TpeOyeMoro IopsaKa; AJIs1 3TOT0 B KaueCTBe MHUITHATU3HU-
PyIOIIero sHAUEHHUsI init JO0CTATOYHO yKasaTh BCe IeJble YA B guamnasore ot 0 go 2""'-1.
BTopoli BapraHT KOHCTPYKTOpPa SBJISeTCI KOHCTPYKTOPOM KOIIMH U II03BOJISIET CO3kaBaTh KO-
U0 UMERINENCcT MaTPULIBL.

B MeToze ToString ¢opMupyeTcs TeKCTOBOE IIpe/icTaBJIeHIe MaTPHUIIb], B KOTOPOM 3Have-
HUs true 0603HaUaAKOTCSA UMcaaMU 1, a 3HadeHUs false — yuciamu 0. KpoMme TOro, B II0JIyUeH-
HYI0 TEKCTOBYI0 CTPOKY J0OABJISIOTCSI CHMBOJIBI pa3pblBa TeKCTA, YTOOBI 06eCIIeuuTh HaTIsA/l-
HOe 0TOOpakeHWe MaTPUIILI Ha IKpaHe.

Crepyromias 60bIIasg IPyIilla METOZOB CBI3aHa C IIPOBEPKOI MaTPUIIbI Ha HAJTMYNE B Hel
«XOpOLINX» CBOMCTB. OCHOBHOM MeToX IsCorrect gBsieTCd OTKPBITHIM, IIpounre (BCIIOMOTa-
TeJIbHBIE) METObI SIBJISTFOTCS 3aII[UIIIEHHBIMU:

protected bool RowIsEmpty(int i) {
for (int j = 0; j < N; j++)
if (arr[i, j]) return false;
return true;

protected bool ColumnIsEmpty(int j) {

KOMMMbKOTEP B YHEEHOM MPOLECCE 97



AbpamsH M. 3., MenbHukoB b. ®©., MenbHnkoBa E. A.

for (int i = 0; i < M; i++)
if (arr[i, j]) return false;
return true;

protected bool RowsAreTheSame(int i1, int i2) {
for (int j = 0; j < N; j++)
if (arr[i1, j] !'= arr[i2, j]) return false;
return true;

protected bool ColumnsAreTheSame(int j1, int j2) {
for (int i = 0; 1 < M; i++)
if (arr[i, j1]1 !'= arr[i, j2]) return false;
return true;

public bool IsCorrect() {
for (int i = 0; 1 < M; 1i++)
if (RowIsEmpty(i)) return false;
for (int j = 0; j < N; j++)
if (ColumnIsEmpty(j)) return false;
for (int i1 = 0; i1 < M - 1; 1i1++)
for (int i2 = i1 + 1; 12 < M; 12++)
if (RowsAreTheSame(il1, 1i2)) return false;
for (int j1 =0; j1 < N - 1; j1++)
for (int j2 = j1 + 1; j2 < N; j2++)
if (ColumnsAreTheSame(j1, j2)) return false;
return true;

C meTomoM IsCorrect cBg3aH craTudeckuii Metoq GetCorrectMatr(m,n), Bo3Bpalaro-
IITUH CITUCOK BCEX MaTPHUIL pasMepa m x 1, 06J1aJjatoIX «XOPOIIINMU» CBOMCTBaMHU. B oTiimunie
OT paHee PacCMOTPEHHBIX IK3EMIUIIPHBIX (MU JUHAMUUYECKUX) METO/I0B, OH JI0JKEeH BBI3BI-
BaThCA He 711 KOHKPETHOT0 9K3eMILIsIpa MaTPHIIEL, a [JIg Kytacca BMatrix B 11es10M, HaIlpuMep
BMatrix.GetCorrectMatr(3,4).

public static List<BMatrix> GetCorrectMatr(int m, int n) {
var result = new List<BMatrix>();
int maxInit = 1 << (m * n);
for (int 1 = 0; i1 < maxInit; i++) {
BMatrix matr = new BMatrix(m, n, 1i);
if (matr.IsCorrect()) result.Add(matr);
}

return result;

CJIE,HYET OﬁpaTI/ITB BHHMAaHHE Ha IIPEMEHEHHEe OIlepaIfiH JIEBOTO CABHUIa << JIJIsd 6LICTpOI‘O
BEIUKCJIEHHS cTereHu 2™,
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OuepemHasi IPyIIla MeTO/IOB CBsIi3aHa C MPOBEPKOM MAaTPHIT Ha IKBUBaJIEHTHOCTh. OCHOB-
HBIM 371eCh ABJISIeTCI 9K3eMIUIIPHBIN MeTox Equiv(other ), KOTOpHIi Bo3BpalaeT true, eciu
MaTpHIIa, IJI1 KOTOPOM BRI3BAH 3TOT METO/I, SKBUBaJIeHTHa MaTpHuIle other. B kiacce BMatrix
peanu3oBaH Haubo.iee npocmoil a12o0pumm, KOTOPBIN nepe6rpaeT Bce KOMOUHAIIUH IIepecTa-
HOBOK CTPOK U CTOJIOIIOB MaTpHIIEI other, moKa He Oy/eT HoJIydeHa MaTPHUIlA, COBIIAAI0Ias
C UCXOHOM MaTpHIleH (B 3TOM cjIydae Bo3BpalaeTcd true), MM II0Ka He 6yayT ImepebpaHbl
BCe KOMOMHAIIUM IIepeCcTaHOBOK (B 3TOM cJIy4yae Bo3Bparlaercs false):

public bool EqualDims(BMatrix other) {
return M == other.M &k N == other.N;

public virtual bool Equiv(BMatrix other) {
if (!EqualDims(other)) return false;
var rowPermutations = Permutations.Get(M);
var columnPermutations = Permutations.Get(N);

bool Congr(int rowPermutationIndex, int columnPermutationIndex) {

for (int i = 0; 1 < M; i++)

for (int j = 0; j < N; j++)

if (this[i, j] !=
other[rowPermutations[rowPermutationIndex][i],
columnPermutations[columnPermutationIndex][j1])

return false;
return true;

for (int i1 = 0; i < rowPermutations.Count; i++)
for (int j = 0; j < columnPermutations.Count; j++)
if (Congr(i, j)) return true;
return false;

}

IMEHHO B 3TOM MEeTO/le HCIIOJIb3yIOTCSI HabOphl IIepPecTaHOBOK, «IIPefoCTaBJsieMBIE»
KiaccoM Permutations. B messix 60Jb11eM HaTJISITHOCTH IBOMHOM ITUKJI, B KOTOPOM MaTpHIla
other o6pabaTriBaeTcsa OYepe[HOI ITapoi IepecTaHOBOK, 0QOpMJIEH B BHje JIOKAJIbHOU
¢ynkuuu Congr. Meton Equiv ommcaH KaK BUPTYaJbHBIH, IIOCKOJIBKY B KjIacCaX-IIOTOMKax
BMatrix oH MoKeT OBITH 3aMeHEH Ha 6osiee 3dpdeKTUBHBIN. HakoHel, IIOCIeJHUIT METOZ,
Kiacca BMatrix — cratudeckut Meton FindEquivMatr(matrices), KOTOpPHIM aHAJIHU3UPYET
CIIMCOK MaTpuIl] matrices, BeIOMpaeT M3 Hero IIOIIAapHO HeIKBUBAaJeHTHBIE MaTPUIBI U
BO3BpalljaeT I10Jy4eHHBIN Habop B BUJle CIIHCKA!

public static List<BMatrix> FindEquivMatr(List<BMatrix> matrices) {
var result = new List<BMatrix>();
foreach (var matr in matrices) {
bool addToResult = true;
for (int i = result.Count - 1; i >=0; i--)
if (matr.Equiv(result[i])) {
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addToResult = false;
break;
}
if (addToResult) result.Add(matr);
}

return result;

B ommmcaHHOM MeTO/le MBI UCII0JIH30BaJIH ABAa BapHUaHTa IMKJa [ Iepebopa 3J1eMeHTOB
KOJUIEKITUH (B pacCMaTpHUBaeMOM CIydae — CIIHCKa MaTpHil). OAUH U3 HUX — TPaJSUIIIOHHBIN
ki for, mepebuparoniuii HHAEKCH 3JIEMEHTOB, a Apyrol — nukia foreach, mapamerpamMu
KOTOPOTO SIBJIAIOTCA CaMU 3JIEMEHTEI. II0CKOJIbKY B HallleM CJIy4dae MHEKCH B aJlTOPUTMe He
Tpe6yIoTCsI, MOXKHO OBLIO OB IBA’KAbl IIPUMEHUTH IIUKJ foreach, ogHaKO MBI UCIIOJIH30Ba-
i UK for, gya Toro 4Tobkl 60JIee IIPOCTO OPraHMU30BaTh IIepebop 3JIeMeHTOB KOJLIEKITUHU
result B o6paTHOM IOpPSIIKe (3aMEeTHM, UYTO aHAJIOTUYHBIN IIepebop MOKHO OpraHu30BaTh U
B ukJie foreach, HO oH moTpe6yeT IIpUMeHEHUS JOIIOJIHUTEJIbHBIX CPelCTB A3blka C#, Ko-
TOpBIE 371eCh He paccMaTpUBaKTCs). 3aberasi HEMHOIO BIIepe/]], OTMETHM, YTO B IIOCJIeAYIOIIHX
MogudUKaIUAX aITOPUTMa Itepe6op B 06paTHOM IIOPS/IKe II03B0JITET HECKOIBKO YCKOPUTH UX
pabory.

Hmest kiiacc BMatrix, MBI Terlepb MOXKEM JIETKO «CO6paTh» €ro KOMIIOHEHTHI /IS I10JIyYe-
HU4 I1epBOTo (KaK MBI IIOKaKeM fiajiee, HaMeHee 3G PeKTUBHOI0) aJIlfOPUTMa pelllaeMoH 3a-
Taun. COOTBETCTBYIOIINI MeTO/ BasicAlg, comeprKaliuii, Hapsay C COOCTBEHHO BBIUMCIEHU-
MY, QYHKIIMY 3aMepa BpeMeHHU U 0IlepaTophl BEIBOZA, 0QOpMHUM B 6a30BOM Kjacce Program
KOHCOJIbHOTO IIPHMJIOKEHHUS, a BBI30BBI 3TOT0 MeTO/a [/I1 MaTPHUI] pa3HON pasMepHOCTH BHI-
IIOJIHUM B QyHKIIMH Main u3 Toro sKe KJacca:

class Program {
static void BasicAlg(int m, int n) {
DateTime t = DateTime.Now;
List<BMatrix> correctMatr = BMatrix.GetCorrectMatr(m, n);
var equivMatr = BMatrix.FindEquivMatr(correctMatr);
Console.WritelLine
($"{m}x{n}: time(sec) = {(DateTime.Now - t).TotalSeconds:f3}");
Console.WritelLine
($"CorrectMatr: {correctMatr.Count} EquivMatr: {equivMatr.Count}");

static void Main(string[] args) {
BasicAlg(3, 3);
BasicAlg(3, 4);
BasicAlg(4, 4);
BasicAlg(4, 5);
Console.ReadlLine();

Hipke IIpUBeIeHBI Pe3yIbTaThl Pa60THI ITOM IIPOrPaMMBL.

3 x 3: time(sec) =0.042 CorrectMatr: 174 EquivMatr: 8
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3 x 4: time(sec) =0.070 CorrectMatr: 840 EquivMatr: 10
4 x 4: time(sec) =48.144 CorrectMatr: 24360 EquivMatr: 66
4 x 5: time(sec) = 8415.497 CorrectMatr: 335160 EquivMatr: 168

X0Ts KOJTUUeCcTBO OMIapHO He3KBUBAJIEHTHBIX MaTPHUI] ITOpsKa 4 x 5 MeHee ueM B 3 pasa
IIPeBOCXOIUT COOTBETCTBYIOIlee KOJMUECTBO AJIsI MaTPHIL IT0ps/iKa 4 x 4, UHCJI0 MaTPHL] C «XO0-
POIIMMI» CBOMCTBaMH, KOTOpHIe TpebyeTcs CPaBHUTH MeXY CO60MH, BRIPOCI0 IPUMEPHO B
13 pas, a Bpemsd pacuéTa, COOTBETCTBEHHO, B 175 pas. IIoOHATHO, UTO Ha 9TOM IIyTH IIOJIYYUTH
pe3yJIbTaThI 11 MaTPHUIT 60JIbIIIeT0 pasMepa 3a IIpueMeMoe BpeMsi He II0JIyUYUTCsI, U He00Xo-
JuMo uckams nymu nogslileHus agekmueHocmu 6a308020 aA120pUMMAaA.

6. HEKOTOPBIE 4ONOJIHNTE/IbHBIE 3BPUCTUKMW,
YCKOPAIOLWME BA30BbIA ANTOPUTM

OcHOBHOe BpeMs paboThl 6a30BOTO aJITOPUTMa TPATUTCS Ha II0IIapHYI0 IIPOBEPKY 3KBUBA-
JIEHTHOCTH MaTpHII U3 Habopa MaTpHI] C «XOPOLIMMI» CBOMCTBaMHU. B ciiyuae HesKBUBaJIeHT-
HBIX MaTpuIl 6a30BbIN MeTO Equiv(other) riepe6epéT Bce BO3MOKHEIE IIEpeCTaHOBKU CTPOK
¥ CcTOoJIOIOB MAaTpUIEI other, ¥ TOJIBKO IIOCJIe 3TOr0 BepHET 3HadeHUe false. OgHAKO B ps-
Jle CUTyaIii IIPOBepPKYy MOYKHO YCKOPHUTB, eC/IU IIpefBapUTe/bHO [IPOaHaIU3UPOBaTh TaKue
XapaKTepHUCTUKU MaTpHUI], KaK CyMMapHoOe KOJIMYecTBO 3HaUeHUM true B Ka)KIOM CTPOKe U
KaKZIoM CToJIbIIe. /IBe MaTPHUITbI MOTYT 0Ka3aThCs 3KBUBAJIEHTHBIMHU TOJIBKO B CJIy4ae, eCyId ¥
HUX COBIIaAAI0T Hab0pH! YKa3aHHBIX XapaKTePUCTUK AJIS CTPOK U [IJIT CTOJIGIIOB (IIOCKOJIBKY
3THU HabOPhI He U3MEHSIIOTCS IIPU IlepecTaHOBKAaX CTPOK U CTOJIOI[0B MaTPHIIBI).

J7151 yCKOpeHUs CpaBHEHUS YA00HO YIIOPSIA0YUTE Hab0p XapaKTepUCTHK [ CTPOK JaH-
HOHM MaTpHUIBl U Ha6Op XapaKTePUCTHK AJIS €€ CTOJIOLOB, II0CJIe Yero 06 belUHUTEL 3TH [1Ba
Habopa B I1eJIOUUCIeHHBIN MaccuB info pasMmepa M + N. B Hauasie MeToga Equiv(other)
cIefyeT CpPaBHUTBL MacCUBHL info:

— MaTpPHIIBL, 11 KOTOPOH BBI3BIBAETCS 3TOT METO/,
— W MaTpuLel other;

€CJIM 3TH MAaCCHUBHI He COBIIaIal0T, HY»KHO HeMe/[JIeHHO BepHyTh false.

Peasn3oBaTh yKasaHHYI 3BPHCTHKY MOXKHO HeIIOCPeJCTBEHHO B Kiacce BMatrix, moba-
BUB K HeMy I1oJie info, MeTon makeInfo, B KOTOPOM 3aIlOJIHIETCS 3TO II0JIe, U OTKOPPEKTHUPO-
BaB KOHCTPYKTOP KJIacca ¥ MeTox Equiv.

OpHako MO’KHO IIOCTYIIUTh U IO-IPYroMy: He M3MeHss Kiacc BMatrix, ompenenuTs ero
KJIacc-TIoTOMOK BIMatrix ¢ HOBBIMU IIOJISIMU U MEeTOZAMU:

class BIMatrix : BMatrix {
int[] info;

void makeInfo() {

// 3anonHeHue nonda info

public BIMatrix(BMatrix m) : base(m) {
makeInfo();
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bool EqualInfo(BMatrix other) {
if (!EqualDims(other)) return false;
BIMatrix m = other as BIMatrix;

if (m == null) return true;
for (int 1 = 0; 1 < info.Length; i++)
if (info[i] != m.info[i]) return false;

return true;

public override bool Equiv(BMatrix other) {
if (!EqualInfo(other)) return false;
return base.Equiv(other);

public static List<BMatrix> ToBIMatrixList(List<BMatrix> matrices) {
var result = new List<BMatrix>();
foreach (var e in matrices) result.Add(new BIMatrix(e));
return result;

Juisg kimacca BIMatrix peasnsoBaH KOHCTPYKTOP, ITO3BOJISAIOIIINM CO3jaBaTh 00'bEKT Ha 6a-
3e MaTpHIlel TUIla BMatrix. IIpelycMOTpeH Tak)Ke cTaTHUeCKUU MeTo]T ToBIMatrix, mpeobpa-
3yromuii Habop MaTpul BMatrix B Ha6op MaTpul] BIMatrix, cHa6)KEHHBIX JTOIIOJTHUTEIFHOMN
uHpopmamel (cienyeT o6paTUTh BHUMaHUe Ha TO, YTO MeToZ, ToBIMatrix BosBpaljaeT CIiu-
cok TuIa List<BMatrix>, 4T0o6BI ero MOKHO OBLIO IepefgaTh B MeTof FindEquivMatr). Ho-
BBIM BapuaHT MeTofa Equiv sBigeTcs Ilepeolpe/ieleHHBIM BApHaHTOM OJHOMMEHHOIO BUp-
TyaJIbHOTO MeTOo/ia. ITO 03Ha4aeT, B YaCTHOCTH, UTO IIPpU BBI30Be MeTo/ia matr . Equiv B MeTOIe
FindEquivMatr 6yzmeT BRIOMpPaATHCSI TOT BApHUAHT MeTo/ia Equiv, KOTOPBIA COOTBETCTBYET dak-
TUYECKOMY THITy 06'beKTa matr.

ITocsie peanmusanuu Kiaacca BIMatrix ero Mo>KHO UCII0JIb30BATh U1 HAX0XKAEHUs BCEX I10-
TIapHO HeIKBHUBAJIEHTHHIX MaTPUI] CJIeAYIOIIUM 00pa3oM (cpaBHUTe ¢ MeToZoM BasicAlg):

List<BMatrix> correctMatr =
BIMatrix.ToBIMatrixList(BMatrix.GetCorrectMatr(m, n));
var equivMatr = BMatrix.FindEquivMatr(correctMatr);

[TpuBeném BpeMsi paboThl MOTUGUITMPOBAHHOTO aJTOPUTMa JJI1 MaTPUI] pa3MepHOCTH
3x4,4x4u4x5:

3 x4: time(sec) = 0,012
4 x 4: time(sec) = 1,87
4 x 5: time(sec) = 147,6

TaxuM 06pasom, Bpems1 06pab0TKH MaTpHII 4 x 4 YyCKOPUJIOCH B 26, a MaTpuIL 4 x 5 — B 57 pas.

OpHaxo 11 MaTpuIL] 60JIBIINX Pa3MepHOCTeH yKa3aHHOI0 YCKOPEHU yKe HeloCTaTOYHO,
IIpesKze BCero, M3-3a CTPEMHUTEIBHOIO POCTa YKC/Ia MATPHIL C «XOPOIIUMH» CBOMCTBAMHU (TO
eCTh U3-3a TaK Ha3blBaeMOT0 «<KOMOMHATOPHOTO B3phIBa»). HammpuMmep, umeercs 3553200 «xo-
poirux» MaTpHUIL pasMepa 4 x 6 1 15198120 «XopoIux» MaTpHUIf pasmepa 5 x 5.
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PaccMoTpHM eIllé 0Hy 3BPUCTHKY, II03BOJIIOIIYIO YCKOPUTD aJITOPUTM 3a CYET YMeHbIIe-
HU YHCjla aHaJIU3UPYeMBbIX MaTPHUIL. II0CKOJIBKY IIPUHAA/IEXKHOCTh MaTPHUIIBI K OHOMY U TO-
My >Ke Hab0py 9KBHUBaJIEHTHBIX MAaTPHI] HE MeHsSIeTCs IIPU IlepeMeHe MeCTaMHU e€ CTPOK WU
CTOJIOIIOB, BEIOEpeM Cpe/ld BCeX 9KBUBAJIEHTHBIX MaTPHUI] TaKHe, B KOTOPHIX CTPOKH U CTOJIO-
ITbI YIIOPSITOYEHEI 8 /1eKCUK02PaAPUUecKOM NopsoKe Ux 3/1emeHmos (HapumMep 110 yObIBaHUIO).
[IprMepaMu TaKUX ynopsi00HeHHbLX MaTPHUL] pasMepa 3 x 4 SABJIAI0TCS CIeyoIIue:

1 0 ] 1] 1 1 ] 0

0 1 1 ] 1 ] 1 0

0 1 ] 1 ] 1] 1] 1
Puc. 10

ITH MaTPHUITHl 06/IaIal0T HEO6XOTUMBIMH «XOPOIIIHMMHK» CBOMCTBaMHU M, KpOMe TOTO, KaXK-
Jlas caeyrolas UX CTPOKa «MeHbIIe» IIpeIbITyIel, eC/IM CYUTAaTh, YTO CTPOKU CPaBHUBAKOTCS
I03JIeMeHTHO U 4uTo 3HaueHUe 0 (false) MeHblte sHaueHud 1 (true). KpoMme Toro, Takoe e
CBOMCTBO YIIOPSIJOYEHHOCTH MMeeT MeCTO U JIJIs1 UX CTOJIOLIOB.

[IoHATHO, YTO aJITOPUTM IIOKCKA [I0ITapHO HEIKBUBAJIEHTHEIX MaTPHIL JOCTATOYHO peaI-
30BaTh TOJIBKO [UJII MaTpPHI], 00JIafal0IUX YKa3saHHBIM CBOMCTBOM YIIOPSALOYEHHOCTH. MOX-
HO Ja)Ke IIPeJIIOJIOKUTH, YTO BCe Pa3jIMYHbIe yIIOPS04YeHHble MaTPUIIBl II0IIAaPHO HEIKBU-
BaJIEHTHBI ¥ UTO JOCTATOYHO IIPOCTO IIOJIYYUTH MHOKECTBO BCeX yIIOPSZ0YEHHBIX MaTpHI],
4TOOBI PeIllUTh OCHOBHYIO 3ajady. K cokayieHuIo, 3TO II0CIejHee IIPe/IIoIosKeHe sBJIeTCs
HEeBEpHBIM: HallpUMep, HETPYAHO IIPOBEPUTD, UTO IKBUBAJIEHTHBI IIpUBEeEHHbIe BBIIIE YIIO-
pAroYeHHbIe MAaTPUIIBI.

TeM He MeHee, COBEPIIEHHO 0YEeBHHO, UTO YHMCJIO PA3JIHMYHBIX YIIOPSIL0YeHHBIX MaTPHII,
006JIaAF0ITHX «XOPOILIMMK» CBOMCTBAMH, TOPa3i0 MeHbIIe 06I11er0 YHCIa «XOPOIINX» MaTPHUL]
TOM ’Ke PasMepHOCTH.

Metop GetCorrectOrderedMatrix(m, n), TeHepUPYIOLIUHI BCe YIIOPSALOYeHHBIE MaTPU-
116, UMEIOII[He «XOPOIlre» CBOMCTBA, MOKHO BKJIIOUYUTH B Kacc BMatrix, B aToMm ciyuae OH
OyZeT Bo3BpalaTh KOJUIEKIIUI0 List<BMatrix>.

B xauecTBe aJropuTMa reHepaliii BCeX YIIOPAL0UeHHBIX MaTPHUI] MOKHO UCII0JIb30BaTh
BapHaHT MeToza Ilepebopa ¢ BO3BpaToM (ydce UCno1b308aHHO20 HAMU paHee [ TeHeparuu
BCeX IIepecTaHOBOK). PyHKIMA step IIpu 3TOM OyzleT MMeTh 3 ITapaMeTpa: UHJEKCH] 1 U j J0o-
6aBJIsIeEMOro sjieMeHTa MaTPUIILl U ero 3HaueHHe val. IlepBhIN BBI30B JaHHOU QYHKITUHU OY-
IeT uMeThb Bun step(0,0,true), IIOCKOJIBKY HadaJbHBIN 3JIeMEHT YIIOPAL0YeHHOM MaTpH-
bl He MOJKeT UMeTh 3HadueHue false. Ilocienyromnire peKypCUBHEBIE BBI30BEI QYHKIINU step
MO’KHO OpPraHH30BaTh TaKUM 00pa3oM, 4TO6BI MaTPHIlA 3aIl0JIHSIACh JIMO0 110 CTPOKaM, JIU-
60 1o crosbram. BeisoB step(i, j, false) MOXHO BBHIIOJHATH B JHOO0OM Ciydae, BHI3OB
step(i, j, true) — TOJBKO ecjH [0OABJIAEMBIN 3JIEMEHT He HAPYIIUT YIIOPAL0YEeHHOCTH
yoKe IIOCTPOEHHBIX YacTel IpeApIAylleil CTPOKU U cTosbna. Ilocie 3amoTHEHUSI OUepelHOM
CTPOKM WJIM CTOJIOIA HeOOXOIUMO TaKyKe IIPOBEPSITh, UTO 9TA CTPOKa (CTOJI6er]) yooBJIeTBO-
psAeT LOIIOJIHUTEIbHBIM CBOMCTBAM: He COCTOUT ITOJIHOCTBIO U3 3HaueHuU false u He coBna-
JlaeT C IpeabIAyIei CTpOKOM (cTosI6II0M). Bee yCIIEITHO ITIOCTPOEHHBIE YIIOPSIA0UeHHbIe MaT-
PHIIBI COXPAHAIOTCI B CIIMCKe List, KOTOPBIM sIBJILeTCS BO3BpalllaeMbIM 3HaUeHHEeM MeToza
GetCorrectOrderedMatrix.

Jua mpoBepkd 3QQEeKTUBHOCTH [JaHHOM 3BPUCTHUKM JOCTAaTOYHO IepefaTb B METOZ,
FindEquivMatr Ha6op maTpul Tuiia BMatrix, BosBpalléHHbIN MeTonoM GetCorrectOrdered
Matrix.
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IBPUCTUKY 2, OCHOBAHHYIO Ha IIpUMEHEHUH YIIOPSAL0YeHHBIX MaTPHILl, MO’KHO KOMOWHU-
poBaTh C paHee PacCMOTPEHHOM 3BPHUCTHUKOM 1, YCKOPSIOIIEH IPOBePKY SKBUBAJIEHTHOCTHU
MAaTpHI] 3a CYET aHaIK3a UX JOIIOJIHUTEJIbHON XapaKTepuCTUKHU info. /IJI1 3TOro JoCTaTOYHO
npeobpa3oBaTh CIIUCOK List<BMatrix> MmeTomoMm ToBIMatrixList u ucIIosb30BaTh IIpeobpa-
30BaHHBIU CIIMCOK B KauecTBe ITapaMeTpa MeToza FindEquivMatr.

Hroxe B Tabiue 1 IpUBefeHbI pe3yabTaThl TECTUPOBAHMI HOBBIX BAPHUAaHTOB aJrOpUTMa
[T MaTpuI pasMepa 3 x4, 4 x 4,4 x5,4x6 u 5 x 5. YKaspIBaeTcs BpeMs paboThl aIrOpUTMa
(t) ¥ KOJIMYEeCTBO IIPOAHAJIM3UPOBAHHBIX MaTPHI] C «XOPOIIHMMM» CBOMCTBaMHU (corr). Hal-
JleHHOe KOJIMYeCTBO II0IIapHO HEIKBUBAJIEHTHBIX MaTPHUI] (eq) yKa3aHO B CTOJIOLIe C JTaHHBIMU
0 pa3MepHOCTH. /[yIg cpaBHEHUA B TaOJIUITy BK/IIOUYEHB] U paHee OIHMCAaHHbIE Pe3yJIbTaThl [T
IpeAbIAYIINX BAPUAHTOB aJropuTMa.

Ta6nuuya 1
Dim BasicAlg Oppuctika 1 | DppHcTrHKa 2 | DBpHCTHKH 1+2
3=4 t=0,070 t=0,012 t=0,001 t=0,031
eq=10 corr=840 corr=840 corr=19 corr=19
4x=4 t=48,144 t=1,867 t=0,187 t=0,01e6
eq=66 corr=24360 corr=24360 corr=185 corr=185
4x=5 t=8415,497 |t=147,56l t=6,926 t=0,281
eq=168 corr=335160 | corr=335160 corr=706 corr=706
4x=6 — — t=142,600 t=5,117
eq=282 corr=1639 corr=1639
5x5 — — t=3950, 916 t=52,603
eq=1394 corr=9109 corr=9109

YuceHHble 3KCIIEPUMEHTHl II0KAa3ajad, YTO IIpH IIPHUMEeHEHHH 3BPUCTHUKU 2 MeTOf,
FindEquivMatr paboTaeT 6bICTpee, eciiv IIepebop MaTPUI] BO BJIOYKEHHOM ITUKJIe BBITIOJTHSTD
B 00paTHOM mopsakKe (TO ecTb B HOpPSAKe yOBIBAHHUS HWHAEKCOB j IJIS1 3JIEMEHTOB CIIHCKa
result).

7. 3AK/IIOYEHWE. BO3MO)XXHbBIE HANPABJIEHMA AAJIbHEMLLEA PABOTbI

HTak, IpuMeHeHHe [BYX pea/M30BaHHBIX 3BPHUCTHK II03BOJIMJIO 06paboTaTh MaTPHUIIBI
6oJIb111el pa3MEepPHOCTH 3a CYII[eCTBEHHO MeHbIIlee BpeMs.

OpHaKo IIpH fAaIbHeHIeM YBeIHYeHHH PasMepPHOCTH MaTPHI] BOSHHUKAIT HOBEIE IIpobJIe-
MbI. Hammpumep, I MaTPHIL pasMepa 6 x 6 1 7 x 7 KOJIMUeCTBO YIIOPSIA0YeHHBIX MAaTPHIT paBHO
COOTBeTCTBeHHO 1271091 1 505051 770. IIOHATHO, UTO B TAKOM CUTyalllH He cjIeflyeT BHava-
Jie GOpMHPOBATh BeCh Ha60p aHAIU3UPYEeMBIX MaTPHII, a 3aTeM IIPUCTYNIaTh K UX IIOIIapHO-
My CpaBHeHHI0: He06X0JHUMO cpasy o6pabaTslBaTh OYepeHYI0 IIOCTPOEHHYI0 MaTPHILY, a Co-
XpaHATh TOJILKO HA60p y>Ke Hal/leHHBIX II0IIaPHO HESKBUBAJIEHTHBIX MaTPHUI]. YUUTHIBas 3KC-
TIIOHEHITUAIbHO pacTylliee KOJIUYeCTBO Pas3JIMYHBIX BO3SMOKHBIX IIepeCcTaHOBOK, CJIelyeT pea-
JIM30BaTh 60JIee «MHTeJJIEKTyaJbHbIM» BapHaHT HUX I1epe6opa, IIpY KOTOPOM aHAIU3UPYIOTCA
TOJIBKO IIepeCTaHOBKHU CTPOK U CTOJIGIIOB C O[{UHAKOBBIMH XapaKTepPUCTUKaMHU (TO eCTh C OfU-
HaKOBBIM KOJIMYEeCTBOM 3JIEMEHTOB, PaBHEBIX true). PasyMeeTcd HEKOTOPOTO YCKOPEHUS MOXK-
HO TaKXe JOOUTHCA 38 CUET pacrapaslleIMBaHUs aITOPUTMA, IIPK KOTOPOM Hab0p HalleHHBIX
MaTpHI] paclpezesseTcs i1 aHa/Iku3a 110 HeCKOJILKUM IT0ToKaM (threads), cBsI3aHHBIM C pas-
JIMYHBIMH IpaMU MHOTOS/IePHOTO IIpoIeccopa.
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HOBTOpI/IM, YTO IIpeaMeTOM IIPOEKTa ABJIAETCA 66160[) u peaau3auus Ispucmuk, no380/1410-

wux CuU/bHO yMeHbW UMb No/Hblil nepe6op. B 4acCTHOCTH, O6BIJIO OBl OUEHD I10JIE3HO II0JIYYUTH
OTBET [IJId pa3MEePHOCTH 8x10. EH_Ié Pa3 0OTMETHM, YTO XOPOIII0 Ha/I0 OPTaHU30BbIBATH HE TOJIb-
KO aJITOPUTMBEI, HO 1 CTPYKTYPEI TaHHBIX.
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Abstract

Since the late 1960s, the problem of minimizing non-deterministic finite automata has
been studied. In practical programs for large dimensions, obtaining an exact answer
usually takes an unacceptably long time. In this regard, we are interested in, among
others, heuristic algorithms for solving the problem, i.e. in algorithms that “do not promi-
se anything”, which, however, in practice in most cases, they give a solution that is close
to optimal for an acceptable working time.

The project proposed for schoolchildren is aimed at a partial solution of one of the auxili-
ary tasks arising in the mentioned optimization problem. To do this, we define in a speci-
al way the equivalence relation on the set of tables of a given size M x N filled with
elements 0 and 1. Obtaining the number of nonequivalent tables of dimension 8 x 10 will
be a serious step on the way to proving the fact that the example of the “bad” automaton
described in 1970 (the so-called Waterloo automaton) is the minimal possible example,
not having “lesser” analogues.

To solve the problem, we first propose a bad algorithm, which consists in a simple
enumeration of matrices. This algorithm works well on matrices of small dimensions,
but, as usual in such situations, it works unacceptably long when moving to large
dimensions. To reduce the operating time of the algorithm, we offer several heuristics,
and present the results of the work of different versions of the program. The goal of
the project is the creation of new heuristics, an even greater increase in the operating
time of the program and, if possible, obtaining an answer (the number of tables) for the
dimension 8 x 10.

For the majority of variants of the algorithm described in the paper, we present the
implementation in C# using the principles of the object-oriented programming. We
assume that further work on the project will consist in further modification of the
programs we have provided.

Keywords: optimization problem, finite automaton, heuristic algorithm, the first step in
science.
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