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Crarbs onyosimmkoBaHa B xxypHaie "Mup T1K", 2003. Nel. C.152-155.

3amaua o xo/1e KOHS

Amnaronuit Hlansito, Hukura Tykkens, Hukuta llamMryHos

B craTbe paccMaTpruBacTCA KJIACCUYCCKAA 3aJada O XOAC KOHA, IJid PCIICHUA KOTOpOﬁ
pa3pa60TaHLI HUTCpaTUBHAdA, PCKypCHBHAsA WM aBTOMATHAd IPOrpaMMBbI. HpI/IBOZLSITCSI PE3YJIbTAThI
HCCJIICA0BAHUA 3TUX MTPOrpaMM. HOCTpOGHHa}I AaBTOMaTHasd IIporpaMmma nmo3BOJIACT MOJTYUYUTH TC KE
PE3yJbTaThl, YTO U UTCPATUBHAA, HO ABJIACTCA 0oJlee MOHSITHOM.

Pemenre oHOTO JIFOOOIBITHOTO BOIIPOCA,
KOTOPBIH, KAXKETCS, HE TTOTIUHICTCS
HUKAKOMY HCCJICIOBAHUIO.

JI. Ditnep

K onnomy u3 Hanbojiee HHTEPECHBIX Pa3AesioB MPOTrPaMMHUPOBAHUS OTHOCATCS 3a7jaud U3 o01acTu
HMCKYCCTBEHHOT'O MHTEJICKTa, B KOTOPHIX PEIICHHE UIIETCS MeTooM "mipod u ommbok" [1,2]. Ilpu
TOM UMEET MeCTO Mepedop MpH MOMCKE pEelIeHHs], MTPOJOKUTEILHOCTh KOTOPOTO MOXKET OBITh
COKpallleHa 3a CUeT IPUMEHEHHUS TeX UM UHBIX SBPUCTHUECKHUX MPABHI — METOJOB ONTUMHU3ALINH.

Kiacc anropuTtMoB, TO3BOJISIOMIMNA pemiaTh MOJAOOHBIC 3aadd, B AHTJIOSA3BIYHON JUTEpaType
HazwpiBaeTcst  "backtracking algorithms" ("amroputmel ¢ Bo3BparoM"). Takue anropuTMBI
MPUMEHSIOTCS B TEX CIydasX, KOT/a He MoAXOAAT Oosee "HanpaBieHHbIe" MeTObI [3].

Uccnenyem onHy u3 HamboJiee M3BECTHBIX 3aJlad 3TOTO Kilacca — 3aaady o xoje koHs [3—5]. Ona
COCTOUT B TOM, 4YTOOBI HAWTH 00X0a MOCKHM pazMepoM NXM KoHEM, NEepEeMEIIaroIIUMCs TI0
MpaBujIaM IaXxMaTHOW UTphl. Eciiu Takoi 00X0/1 CYIIEeCTBYET, TO KaXI0€ MOJIe MOCEIIAeTCsl TOJIBKO
oauH pa3 (BeimodHsieTcs NXM—1 maros). [Ipoananu3upyemM METOIbI ONTUMH3AIMUA U UCCIECIYeM
paboTy UTEPATUBHOM, PEKYPCUBHOIN 1 aBTOMATHOM MPOTPaMM.

MeToabl ONITHMH3AIIHH

PaccmoTpum crieyromnme MeToIbl OITUMHU3AIIH :

— ompeeneHne KIEeTOK, 00X01 U3 KOTOPBIX HEBO3MOXKEH (onTuMu3arus 1);
— BBISIBJICHHE 3a0JJOKMPOBAHHBIX KJIETOK (ONTUMHU3AIUSA 2);

— mpuMeHeHune npaBuia Bapucaopda (ontumuzanus 3);

— UCTOJIb30BaHUE PA3IMYHBIX MACCUBOB XOJI0B KOHS (OnTUMMU3AIIHS 4).

1. OnpenesieHue KJI€TOK, 00X0/1 U3 KOTOPbIX HEBO3MOKeH

Eciu KoaMuecTBO KJIETOK JOCKM HEUeTHO (YMCio OelbIX M YEPHBIX KIETOK OTIMYaeTcs Ha
€AMHHUILY), TO 00XO0J] M3 HEKOTOPBIX KIETOK He cyliecTByeT. OTMETUM, YTO MyTh KOHS MPOXOIUT MO
KJIeTKaM, 4epenyrolmumcs mno 1sery. Eciau oOmiee 4ucio KIETOK JOCKHM HEYETHO, TO MepBas U
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MOCJICTHSST KJIETKH TyTH, NMMPONJICHHOTO KOHEM, OyayT OJHOTO W TOTO K€ IBeTa. Takum oOpazom,
00xoa OyneT cymecTBOBaTh TOJBKO TOTJA, KOTJa OH HAYHETCS KIETKOW TOTO IIBETa, KOTOPBIHA
HAMEIOT HauOOIbIIIEE YUCIIO KIETOK.

BrImiotHEHME 3TOTO yCIIOBUS MPOBEPSETCS Cieaytomen (yHKIIMeH:

int solution impossible ()

{
// Eciu npomusBeleHMe CTOPOH MOOCKM HEUEeTHO UM CyMMa KOOPIOMHAT HAUYAJbHOM [IO3ULUM
// HeueTHa, TO pelleHMS He CylleCTByeT.

o)

return ((size x*size y) % 2 != 0) && ((start x+start y) % 2 != 0) ;

}

OpHaKo NPUBEICHHOE MPABUIIO HE OXBATHIBAET BCEX KIIETOK, JUISI KOTOPBIX 00X0/1a HE CYIECTBYET.
Tak, s AOCKK pazMepoM 3X7, IOMUMO TeX KJIETOK, JUIsi KOTOPBIX BBITIONHSETCS TPUBEACHHOE
MpaBUjI0, 00X0/] HEBO3MOXKEH TaK)Ke U3 KIETKH (2,4).

2. BoisiBj1eHue 3aﬁJ10KPIp0BaHHI)IX KJIE€TOK

Ecnu npu ouepenrom xome oOpaszyeTcst KieTka, KyJa MOXKHO BOWTH, HO OTKYJla HEb3sS BBIUTH, TO
TaKOM XOJ HEIOMyCTHM, 3a WCKIIOUCHUEM TMpeanocienero B obxome. JlaHHBIA MeTOq
ONTUMU3AIMU TI03BOJISICT 3HAYUTEIBHO COKPATUTh YHCIO BO3BPATOB, B TOM YHCIEC WU TIPH
COBMECTHOM HCITOJIb30BaHUU C TIpaBuiioM BapHcaopda.

Pa3BuTHeM 3TOro Meroja SIBISETCS OIpeneieHHe TPYII 3a0JOKMPOBAHHBIX KJIETOK, CBSI3aHHBIX
JIpyr C APYroM, HO OTPE3aHHBIX OT OCTaJbHOM 4YacTU AOCKU. B paccmaTpuBaemoil mporpamme
OTpEAENAIOTCS TPYMIbl W3 ABYX 3a0JOKUPOBAHHBIX KJIETOK, YTO 3HAYUTEIHHO YMEHBIIAeT
KOJIMYECTBO BO3BPATOB [UIsi HEOOJBIIUX JIOCOK, a TMPU HCIIOJIB30BAHUM BMECTE C IMPABUIIOM
Bapucnopda — u mist 6ompmux (Hanmpumep, pazmepom 100%100 kineTok).

3. Ilpumenenne npasuia Bapucaopga

Cpeny MHOTHUX 3BPUCTHYECKHUX METOJIOB [S], MCMONB3YyEeMBIX JIJIsi COKpAIIeHHs niepedopa, MpaBuiIo
Bapucnopda sBnsiercs Hambosee mpocThiM. B cooTBeTcTBMM ¢ HUM TNpU 00XOJE€ JOCKH KOHSI
clelyeT KaXKIblil pa3 CTaBUTh Ha TO IOJ€, U3 KOTOPOTO OH MOXET CJeNiaTh HauMEHbIlee YHCIIO
XOJIOB TI0 €l HE MPOMIEHHBIM MOoJIAM. Eciu Takux moseil HeCKOoIbKO, TO MOKHO BBIOpaTh Jit000e
W3 HUX, YTO MOXKET, OJHAKO, 3aBECTH KOHS B TYNMHK M MOTpeOoBaTh Bo3Bpara [5]. OTMeTuM, 4TO
HauTydmuM obpaszoMm mpaBuiio Bapacnopda paboTaeT ajist yriaoBbIX MOJICH.

4. Ucnoaib30BaHue PA3TUYHBIX MACCUBOB X0/10B KOHHA

X0/l KOHSI MOTYT OBITh 3aJ[aHbl, HAIPUMED, B BUJIE CIEAYIOIIETO MaCCUBAa:

int possible moves sh[][2] = {
<4y
14

{_11 _2}1 {_21 _1}1 {
{—1, 2}, { 2/ _1}1 {

]
2
1
Kaxaplii ero sjaeMeHT ompenensieT OJUH BO3MOXKHBIM XOJ KOHS U COAEPKUT H3MEHEHHUS €ro
KOOpJMHAT Ha JOCKE MpH coBeplleHHH Xona. [Ipu HCrmonb30BaHUU pPa3IWYHBIX MAaCCHUBOB IJIf
XOJIOB KOHSl KOJHMYECTBO BO3BPATOB MOXKET paziuuaThCsi. B mporpamme mnpuMeHstoTCA MSTh
ABPUCTUYECKU BHIOPAHHBIX MAaCCUBOB, COJEPKAIIMX BO3ZMOXKHBIE XO/bI KOHS B PA3JIMYHOM IOPSIJIKE.
Taxoke 3amaercss MakcuMaiibHOe drciio Bo3BpaToB (GOOD RET), u koraa oHo OyzeT AJOCTUTHYTO,
MOMCK IMyTH HaYyMHAeTCs 3aHOBO C MCIOJBb30BaHUEM Yyxke apyroro maccusa. Ilpu moucke o6xoma c
MPUMEHEHHEM IIOCJIETHEr0 MacCHBa KOJIMYECTBO BO3BPATOB OrPaHUYMBAETCS 3HAYCHHEM
MAX RET. Ecnu npu cCOBMECTHOM HCHOJIb30BAHUU BCEX MPEAJIOKEHHBIX METOJIOB ONTHUMHU3ALUN
ycranoBuTh 3HadeHne GOOD RET paBHbIM enuHmIE, TO JUIsl JOCOK, ONM3KUX K KBaJPATHBIM,
MOKHO CTPOUTH 00XO7bl 0€3 eAMHOr0 BO3BpaTa AJis BCeX KJIIETOK, U3 KOTOPBIX CYIIECTBYET 00XOJ.



3

O6xom 6e3 eAMHOr0 BO3BpAaTa M3 KAXKJAOW KJICTKU HE YIACTCS MOITYYUTh JUIsl "BBITSHYTHIX' JOCOK
(manpumep, 14%3) u ansa 6onpmux A0COK, HarpuMmep s qocku 100%100 kirerok.

HNrepaTruBHas nporpamma
IMonnblii nepedop
Nnest anroput™Ma 111 UTEPATUBHON MTPOTrPaMMBbI 3aKJIFOYAETCS B CJICAYIOIIEM:

—Ha KaXJOM Imare umiercs (QparMeHT MyTH, HAYUHAONIMHCA W3 TEKyIIeW KIETKH W He
BKJTIOUAIOIIUHN YK€ TTPOMICHHBIE;

—IpU COBEPIIEHUWU XOJa U3 MAacCHBa BO3MOXHBIX XOJOB H3BJIEKAETCS OYEPEIHON DIIEMEHT,
KOTOPBIN MPUBOJUT B HE3AHATYIO KJIETKY, HAXOAIIYIOCS B Mpeenax JOCKH;

— €CJIM X0 HEBO3MOXEH, TO MPOUCXOIUT BO3BPAT B MPEBIAYIIYIO KIETKY (OTMEHA X0/1a);

—OUCK MYTH CYUMUTAETCS YCHEIIHBIM TOTAa, KOrjJa HOMEp TEKYIIEro XoJa CTaHET pPaBHbIM
KOJIMYECTBY KJIETOK Ha Jocke. Ecnu U3 HauanbHOW KIIETKH mepeOpaHbl BCe BO3MOKHBIE XObI, TO
MyTH HE CYIIECTBYET.

Huxe npuBenena ctpykTypa (GyHKIUH, BHITOIHSIONIEH epedop:

void find path()
{

for( move num = 1 ; move num <= max moves ; )
{
if ( make_move () ) // CmenaTb xXOm.
move num++ ;
else // Xom HEeBO3MOXEH.

if ( move num > 1 )

{
undo_move () ; // OTMEHMTL XOfm.
move num-- ;

}
else
return ; // 06xX0H HEBO3MOXEH.

}

Homep ncronb30BaHHOTO BapuaHTa Xo/a ISl KaXKIOTO M3 XO/I0B 3alIOMUHAETCS B MACCUBE, pa3Mep
KOTOPOTO BHIOMPAETCSI B COOTBETCTBHH C Pa3MEPOM JIOCKH.

OnucaHHbIN aJITOPUTM OCYILECTBIISIET epedOp BapUaHTOB M HAXOAUT PEIlICHUE, €CITH OHO UMEETCS.
OTtcyTcTBUE penieHus MPUBOAUT K OJTHOMY Iepedopy BCeX BapUaHTOB.

Jlis untrocTpanuy BBIMOJIHEHHs] BO3BPATOB B TabJ. 1 mpHUBeAeH MPOTOKOJI 00X0/1a JOCKH pa3MepoM
3x4 u3 KIeTKu ¢ KoopauHatamu (2,4). B kKoHIIe MPOTOKOJIa MPUBEICH MOTYyYEHHBINH B PE3ysbTaTe
00x0/1a MyTh.



Ta6mmma 1. ITporokon 06xoaa 1ocku pazmepom 3%4 u3 kietku (2,4)

HauvasnbHemt xom (2, 4) OrMmeHa xoma 4 us (2, 1) Xom 3 B (1, 1)
Xom 2 B (3, 2) Xom 4 B (3, 4) Xom 4 B (2, 3)
Xom 3 B (1, 3) Xom 5 B (2, 2) Xom 5 B (3, 1)
Xom 4 B (2, 1) Xom 6 B (1, 4) Xom 6 B (1, 2)
Xom 5 B (3, 3) Xom 7 B (3, 3) Xom 7 B (3, 3)
Xom 6 B (1, 4) Xom 8 B (1, 2) Xom 8 B (1, 4)
Xom 7 B (2, 2) Xom 9 B (3, 1) Xom 9 B (2, 2)
Xom 8 B (3, 4) Xom 10 B (2, 3) Xom 10 B (3, 4)
OrMeHa xoma 8 us (3, 4) Xom 11 B (1, 1) Xom 11 B (1, 3)
OrMeHa xoma 7 us (2, 2) OrmeHa xoma 11 m3 (1, 1) Xom 12 B (2, 1)
OrMeHa xoma 6 u3 (1, 4) OrMmeHa xoma 10 ms (2, 3)

Xom 6 B (1, 2) OrMmeHa xoma 9 m3 (3, 1) Oyrs u3 (2, 4),
Xom 7 B (3, 1) OrmMeHa xoma 8 wms (1, 2) BO3BpPaTOB 19:
Xom 8 B (2, 3) Xom 8 B (2, 1) 3 12 5
Xom 9 B (1, 1) OrMeHa xoma 8 u3s (2, 1)

OrmMeHa xoma 9 wms (1, 1) OrmMeHa xoma 7 u3 (3, 3) 6 9 2
OrmMeHa xoma 8 wms (2, 3) OrmMeHa xoma 6 m3 (1, 4)

OrmMeHa xoma 7 wu3 (3, 1) OrmMeHa xoma 5 us (2, 2) 11 4 7
OrMeHa xoma 6 us (1, 2) OrMmeHa xoma 4 us (3, 4)

OrmMeHa xoma 5 ms (3, 3) OrmeHa xoma 3 m3 (1, 3) 8 1 10

Jis HEKOTOPBIX KJIETOK IMporpamMma paboTaeT UYpe3BBIYaiHO MEIJICHHO YK€ TPU HEOOJBIINX
pasMmepax aocku. Hampumep, niast 1ocku 6X6 mpu crapre W3 KiIeTKH (5,2) MOUCK MyTH TpedyeT
6omnee 290 MIITHOHOB BO3BPATOB.

Pe3yabTaThl padoThl NPOrpaMMbl ¢ ONITUMH3ALIM e
N3 paboTsl [S] u3BecTHO, 4TO 7151 JOCOK pazmepoM NXM u MxN:
— He CymecTByeT HU ofHOTO 00xomampu N, M <3; N=3, M=5,6; N=M =4;

— UMeeTCsA KaKk MHHUMYM OJlHA KJIeTKa, W3 KOTOPOW BO3MOKEeH 00xo0xa mocku mpu N =3, M =4;
N=3,M=7;,N=24, M=5.

[lepexonss K W3IOKEHUIO TOJYyYEHHBIX pE3yJIbTaTOB OTMETHM, YTO OHH OTHOCSTCS K
MePEYHCIICHHBIM BBIIIIE METO/IaM ONITUMH3AIUH B IBPUCTHYECKH BHIOPAaHHBIM MacCHBaM BapHAHTOB
o xona koHd. [lpu nmpuMeHeHMM ApYruX METOAOB ONTUMHU3aUMM [5] M HMHBIX MAacCHUBOB
MOJTy9aeMbI€ PE3YJIbTAThl MOTYT Pa3IMYaThCA.

Paccmotpum pe3ynbTaThl 00X04a HEKOTOPBIX JOCOK. [ HUX MpUBOAATCA TaOJIHUIBI, B KOTOPBIX
YKa3bIBaeTCsl  KOJUYECTBO  BO3BPATOB, BBHIMOJIHEHHOE TIPU  HAXOXKACHMM 00Xxoma  u3
COOTBETCTBYIOMIEH KieTku. [Ipn oTcyTcTBHEM 00X0/1a B KIIeTKe yKa3biBaeTcs cumBou "N". B ciyuae,
€CIM  KOJMYECTBO  BO3BPATOB  NPEBBICHIJIO  33JaBaeMyl0 B  IporpaMMmMe  BEJIMYUHY
(MAX RET =400000), mouck MmyTH MpPEKpaIIaeTcs, a B COOTBETCTBYIOMIEH KIJIETKE BBIBOJIUTCS
cokpamenue "LIM". B TabGnuiax, MOCTPOCHHBIX MJisi METOJAa ONTHUMHU3AIMHU, HCIOJIb3YIOIIETO
pa3jMyYHble MACCHUBBI BapUAHTOB XOJa KOHSI, B KJIIETKE JOMOJIHUTENIbHO YKa3bIBaeTCsi 0003HAYEHHE
maccuBa (ot 'A' mo 'E'), mpum mnpuMeHEHHH KOTOpOro o00Xxon ObUT TMOdy4eH Oe3 BO3BPaTOB
(GOOD RET=1). Ilpu »sTom, ecnu pe3yabTaT OBUT TOJYYEeH [JIsI TIEPBOTO MacCHBa, TO
COOTBETCTBYIOIIUN €My CUMBOJI 'A' HE BBIBOJAUTCA.

Taxoke B TaOIUIIAX MPUBOIUTCS OJWH U3 TIOJTYYCHHBIX TTyTEH.

Pe3ynbratel, mogydeHHbIE 17151 JOCKU pa3MepoM SX5, mpuBeIeHbI B Ta0I. 2.



Tabmuia 2. Pe3yapTaThl paboThl IPOTPAMMBI JJISI TOCKH 5X5

OonTuMmmzauum 1 OonTuMmmszauum 1-3

33951 N 212310 N 4543 0 N 127 N 0
N 52061 N 123374 N N 0 N 0 N
69216 N 23411 N 32116 127 N 0 N 0
N 214142 N LIM N N 0 N 0 N
1300 N 325867 N 30565 0 N 127 N 0
OonTuMmuszauum 1 m 2 OnTuMmmszaumumy 1-4

950 N 4676 N 256 0 N BO N 0
N 1596 N 3057 N N 0 N 0 N
2102 N 629 N 1417 BO N 0 N 0
N 4296 N 7463 N N 0 N 0 N
94 N 4426 N 381 0 N DO N 0
OonTuMmuszauuy 1 u 3 Oyt u3 (5, 5), Bo3BpaTos 0:
0 N 1709 N 0 5 14 19 24 3
N 0 N 0 N 20 9 4 13 18
1709 N 0 N 0 15 6 23 2 25
N 0 N 0 N 10 21 8 17 12
0 N 1709 N 0 7 16 11 22 1

Pe3ynbrathl, moaydeHHbIE 17151 JOCKU pa3MepoM 7X7, mpuBeICHBI B Ta0I. 3.

Ta6mmma 3. PesyabTaThl pabOTHI IPOTPaMMBbI JTsI TOCKH 7X7

OonTuMmsauum 1 OonTuMmszauum 1-3

29032 N LIM N LIM N LIM 8339 N 0 N 0 N 0
N LIM N LIM N 172170 N N 0 N 0 N 0 N
19396 N 19396 N LIM N LIM 0 N 0 N 3 N 0
N 29032 N LIM N LIM N N 0 N 0 N 5972 N
LIM N 39629 N 14807 N LIM 0 N 14204 N 0 N 0
N LIM N LIM N LIM N N 0 N 5972 N 0 N
6415 N 33488 N 386809 N LIM 0 N 0 N 0 N 0
OonTuMmmzauum 1 u 2 OnTuMmszaumuy 1-4

1426 N 17178 N 293292 N 17178 BO N 0 N 0 N 0
N LIM N 302303 N 3353 N N 0 N 0 N 0 N
966 N 966 N LIM N 133190 0 N 0 N BO N 0
N 1426 N LIM N 28390 N N 0 N 0 N BO N
70852 N 2052 N 980 N 30757 0 N DO N 0 N 0
N 9903 N LIM N 24272 N N 0 N BO N 0 N
491 N 681 N 5118 N 108858 0 N 0 N 0 N 0
OonTuMmmzauvm 1 m 3 Oyt m3 (7, 7), BO3BpaToB 0:

291565 N 0 N 0 N 0 9 6 11 40 29 4 27
N 0 N 0 N 0 N 12 39 8 5 26 43 30
0 N 0 N 375 N 0 7 10 35 44 41 28 3
N 0 N 0 N LIM N 36 13 38 25 48 31 42
0 N LIM N 0 N 0 19 16 47 34 45 2 23
N 0 N LIM N 0 N 14 37 18 21 24 49 32
0 N 0 N 0 N 0 17 20 15 46 33 22 1

Jnst Kimaccuyecko maxMaTHOM JOCKU pa3MepoM 8X8 MoydeHbl CIIeNYIOINE pe3yIbTaThl:

— st onTHMU3anuid 1 M 2 B OOJIBIIMHCTBE KIJIETOK TPEBBIIICHO IPEACIbHOE 3HAUCHHE YHCIIa
Bo3BpatoB (MAX RET). MunnMansHOe KOJTHMYECTBO BO3BPATOB B KieTKe (5,5) — 2502;

— st ontumu3anuii 1 m 3 Bo Bcex kieTkax, kpome (4,1) u (6,4), HOJIb BO3BpaTOB. B yKazaHHBIX
KiIeTKax 9 u 79 Bo3BpaToB, COOTBETCTBEHHO;

— it ontumm3anui 1-3 B kitetke (6,4) Tpu Bo3Bparta. B ocTanbHBIX KJIeTKaX HOJIb BO3BPATOB;

— st onTuMu3anuid 1-4 BO Bcex KIETKax HOJb BO3BpaToB. [Ipu sTtom B kierke (6,4) ObLT
UCTIOJIb30BaH BTOPOH MacCHB BO3MOXHBIX XOZIOB.
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Jnst mocku pasmepoM 9%X9 miis KIETOK, M3 KOTOPBIX CYIIECTBYEeT 00XOJ, OH JOCTHTaeTcs Oe3
€IMHOTO BO3BpaTa Haszaja [yl ontuMu3anuii 1-3 (s 1-4, ecTecTBEeHHO, TOXKE).

Hns nocku pazmepoM S0%X50 mosydeHsl CIEIYIOMNE Pe3yJIbTaThl:

— JIA ontumm3anui 1-3 B OONBIIMHCTBE KJIETOK HOJIb BO3BpaToOB, a4 KOJHUYCCTBO BO3BpAaTOB B
OCTAJIBHBIX KJIIETKaX BaAPbUPYCTCA OT CAUHUIL 10 3H3‘ICHHI>1, IPEeBRIMIAIOIIUX MTPEACIIEHOC 3HAYCHUC,

— U1l onTUMU3aui 1—4 Bo BCex KIIETKax HOJIb BO3BPATOB.

Jnst mocku pazmepom 77X77, nist KIETOK, U3 KOTOPBIX CYHIECTBYET 00XOJ, MOTYYCHBI CIICIYIOITHE
pe3yNbTaThl:

— JIA orntumm3anui 1-3 B OONBIIMHCTBE KJIETOK HOJIb BO3BpaToOB, a4 KOJHUYCCTBO BO3BpAaTOB B
OCTAJIBHBIX KJIETKaX BapPbUPYCTCA OT CAUHUIL 10 3H3‘ICHHI>1, IPEBRIMIAIOMUX MTPEACIIEHOC 3HAYCHHUC,

— U1l onTUMU3aui 1—4 Bo Bcex KIIETKax HOJIb BO3BPATOB.
Hnst nocku pazmepom 100x100 mosryyeHs! Cieayronme pe3yibTaThl:

— 1A ontumm3anui 1-3 B OONBIIMHCTBE KJIETOK HOJIb BO3BpaToOB, a4 KOJHUYCCTBO BO3BpAaTOB B
OCTAJIBHBIX KJICTKaX BapbUPYCTCA OT CAUHUIL 10 3H3‘I€HHI>1, IPEBRIMIAIOMUX MPEACIIBHOC 3HAYCHHUC,

— s onTuMH3anuidi 1-4 BO Bcex KIIeTKaxX, 3a HCKItoueHueM kietok (94,24) u (94,79), HONB
BO3BPATOB.

Kak oTrMedeHO BbIlIe, paccMaTpUBaeMble METOJAbl ONTHMHU3ALMM IS HEKBAJpPaTHBIX JOCOK HE
ctoiib (ppexTuBHBL. Pe3ynbTaTel, moaydeHHbIE 111 JOCKH pazMepoM 14X3, npuBeneHsl B Ta0I. 4.

Ta6muia 4. Pe3yabTaThl pab0ThI IPOrPaMMBI JUTsl TOCKH 14%3

OnTuMmmszaumuy 1-4

BO BO E997 E45274 BO EOQ 0 BO DO 0 E17 E626 0 0
BO E390577 Eb56 0 0 co E16 E10378 BO 0 0 E1006 E67 0
BO BO E997 E45274 CO BO co BO Cco BO E17 E626 0 0
ytes m3 (14, 3), BoszBpaTor 0:

20 17 14 11 26 23 32 9 30 7 36 39 2 5
15 12 19 22 33 10 25 28 35 40 3 6 37 42
18 21 16 13 24 27 34 31 8 29 38 41 4 1

PexypcuBHasi nporpamma

Haunbonee wu3BecTHOE pemieHne I 3amadud o0xoma KoHeM — pekypcuBHoe [2]. [lpu sTom
CTpYKTypa (QyHKIIUH, BHITOTHSIONIEH 1epedop, UMEET CIeAyIOUil BUI:

int find path( int cur x, int cur y, int move num )
{
desk_state[cur x][cur y] = move num ; // 3aNOMHUTBH XOI.
if ( move num > max moves ) return 1 ; // IpoBepuThs 3aBepumeHue obxomna.
// TIpOBEPUTH KaXIbll BO3MOXHEIA XOI M3 TEKyllel KIIeTKMU.
for( int 1 = 0 ; 1 < 8 ; i++ )
{
int next x = cur x + possible moves[i][0] ; // OmnpememmTe cieznyomee IMoOJE.
int next y = cur_y + possible moves[i][1] ;

if( move possible( next x, next y )
&& find path( next x, next y, move num+l )) return 1 ;

}

// Bosspart.

desk state[cur x][cur y] = 0 ;
back ret++ ;

return 0 ;

B 31011 mporpaMmMe MOTryT OBITH HCIIOJIB30BAaHbI BCE BUJIbI ONTUMH3AIMI1, OMMCAHHbBIE BBIIIE.




ABTOMaTHas MporpaMMma

Ecnu mepBble ABe mporpaMmbl JJIsl PEIIEHUsS HTOM 3ajladyd BIOJHE TPAIULMOHHEI [2], TO
ABTOMATHBIE K TAKOBBIM HE OTHOCSITCS.

OtmeTHM, YTO aBTOMAaTHas MporpaMMa MOKET ObITh (pOpMaNbHO MOCTPOEHA MO ONMUCAHHOW BHIIIIE
WTEpaTUBHON MpOrpaMMe C TOMOIIBI0O METO/Aa, H3JI0KEHHOro B paborte [7]. ABTOMaTHas
mporpaMMa MOXKET ObIThb Takxke (OpMaabHO IOCTPOEHA U IO MPHUBEAECHHON pPEKYypCHUBHOU
IporpamMme ¢ UCIOJIb30BaHUEM METO/a, MPEUIOKEHHOTO B padbore [8].

Kpome TOro, MOXHO C€O31aTh aBTOMATHYIO MPOrpaMMy IyTE€M HENOCPEICTBEHHOTO MOCTPOCHHUS
aBTOMara mo yciuoBusaM 3agaud. Ha puc. 1,2 nias 3Toro aBToMara MpUBEAEHBI COOTBETCTBYIOIINE
cxema CBs3elt u rpad mepexo 0B aBTomaTa Mum.

A

move_num > MNocnegHuii xon MepBbIi X04 move_num = 1
max_moves x1 z1.0 =
- 1 1 |YBeMuuTL sHaveHve Ha 1 Homep xopa
z1_ move_num
move_num > 1 He nepBbiit xoa X2 212 YMEHbLNTL 3HaYeHve Ha 1
OTMeHUTb Xxo4
z2 undo_move
make_move() Xop1 BO3MOXEH (caenarte xon) | 4 _ ()

solution_impossible() Obxon He cywiecTayeT x4

back_ret > limit npeBbILLleH JIMMUT BO3BpPaToB x5

Puc. 1. Cxema cBsi3eii aBToMaTa A7 3a0a49U O XOJ€ KOHS

OTOT aBTOMAT HUCIONB3YeT (PYHKIMM M MEPEMEHHBIE, ONpEACICHHbIE B UTEPATHBHON MpOrpamMmMe.
IToaTOMY B aBTOMAaTHOW IPOrpaMMe IPUMEHSIOTCS BCE PACCMOTPEHHBIE METOJbI ONTUMHU3ALNH, a
MOJIy4aeMble C €€ MOMOILBI0 Pe3yNbTaThl COBMANAIOT C pe3ylbTaTaMd pPaOOThl HUTEPATUBHOU
IIPOrpaMMBI.

L . X2
0. HavyanbHoe WHave 1. Xop, 3 22;z1 2 2. OTMeHa xoaa

\_ Y, MHaue

-

4
3. HeT peluenuns 4. PelleHve HainaeHo

5. NIUMWT NpeBbileH

Puc. 2. I'pad nepexonoB aBTomaTta Jj1s 3a/1a44 O X0J1€ KOHSI



VYrpoieHHbIH TeKCT QYHKIINH, peaTu3yIomel STOT aBTOMAT, IPUBEICH HUXKE:

void find path switch( int limit )

y =0 ;
do
switch( y )
{
case 0:
if( x4()) y =35
else
{ z1.0() > y =171}
break ;
case 1:
if( x1()) y =4
else
if( x30)) {z1.1(0) 7 }
else
if(x20)) { z2() ; z1.2(0) ; y=2;}
else y =3,
break ;
case 2:
if( x5(1limit)) y =5 ;
else
y =13
break ;
case 3: y = 0 ; break ;
case 4: y = 0 ; break ;
case 5: y = 0 ; break ;

}
while( y < 3 ) 7

}

3aKJIloueHue

CoBMeCTHOE MPUMEHEHHUE JOCTATOYHO MPOCTHIX M MU3BECTHBIX METOJOB ONTHUMHU3AIUHU MTO3BOJIUIIO
PE3KO COKpaTUTh Tepedop, Omaromaps 4emy yAaeTcsi OTHOCHUTEIBHO OBICTPO HAXOIWUTh IyTH B
JIOCKax BechMa OOJIBIION pa3sMepHOCTH. Tak, Ha KOMIBIOTEPE, OCHAIIEHHOM IPOIECCOPOM
Pentium II 400-MI'11, mouck o0xo/ma u3 Kaxa0u KiIeTku Aocku pazmepom 200%200 3ansut okoso 20
MUHYT (Ha TOMCK oaHOro 00x0ma — okosno 0,03 c). IIpu 3TomM 111 GONBIIMHCTBA KJIETOK 00XOM
BBITIOJIHSIETCST 0€3 €IMHOTO BO3BpaTa Haszaa. B mporpamme, HapsIy ¢ pacCCMOTPEHHBIMH, MOTJIH ObI
WCIIOJIB30BaThCsl W JIpyrue MeTonbl onTuMu3aiuu [S]. OpHako Ha J0CKax OdYeHb OOJBIIOro
pasmepa, Hanpumep 2000%2000 kIeTOK, HAXOXKIAECHUE JTa’Ke OJHOTO MYyTH 3aHUMAET 3HAYUTEIIbHOE
BpeMs U MPHU MPUMEHEHUH METOJOB ONTHUMH3AINH, TIO3BOJIIIONIUX CTPOUTHh 00XO0MBI 0€3 eIMHOTO
BO3BpATa.

Kak ObutO OTMEUYeHO BHINIE, UTEPATHBHAS, PEKYPCHBHAs M aBTOMATHAsl MPOTPaMMBbI MO3BOJISIOT
MOJIy4aTh OJWHAKOBBIC PE3yJbTaThl, OJHAKO aBTOMAaTHas OoJiee TOHSATHA 3a CYET SBHOTO
BBIICIICHUST COCTOSIHHH.

[TomHBI TEKCT NTPOTPAMMBI, C TIOMOIIBIO KOTOPOW BBIMOJHEHBI AKCIEPUMEHTHI, TPUBEICH
COBMECTHO C JIaHHOU cTaThel Ha caiTax http://is.ifmo.ru u http://www.softcraft.ru.

Hacrosimass paGora Obputa BeimonHeHa Ha kKadenpe "Kommbrorepubie TtexHonoruu" CaHKT-
[TeTepOyprckoro rocyIapCTBEHHOTO HWHCTUTYTAa TOYHOW MEXaHWKH W ONTHKH (TEXHHYECKOTO
YHUBEpCUTETAa). ABTOpBI OslaromapHbl CTyAeHTY dToil kadenpsl ['puropbeBy A.D., KOTOpHIi
NPUHUMAJ Y9acTUE B Ha4aje STOH paboTHI.

PaboTa BeImosiHeHa mpu moxnepkke Poccuiickoro ¢onma QyHmaMeHTaTIbHBIX HCCIIEIOBAHUMA IO
rpaaty Ne02-07-90114 "Pa3paboTka TEXHOJIOTHH aBTOMATHOTO ITPOTrpaMMHUPOBaHUs".
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lanbiTo AHaTOIMIE AOpaMOBHY — YUCHBIN cekpeTaph DeneparbHOro HAyYHO-
npousBoacTBeHHOTO IeHTpa (PHIIL) — denepanbHOro rocy1apcTBEHHOTO YHUTAPHOTO
npeanpustus (PI'YIT) "HITO "Aspopa"", nmpodeccop kadenpst "KoMbroTepHbIe TEXHOIOTHN"
CII6oI'N'TMO (TVY). C HUM MOKHO CBS3aThCS 110 ajipecy: mail@avrorasystems.com

("t lansiTo").
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HlamrynoB Hukura HazumMoBHY — TpeXKpaTHBIN YEMITUOH Y pajia 1o NporpaMMHUPOBAHHUIO,
JIBYXKPaTHBIM (PUHAIKCT YEMITMOHATOB MHUpa 1o nporpammupoBanuto ACM, aciupaHT
CIIGITUUTMO (TY).



