3aoauu ¢ 0zpanHuueHUsIMU

Muorue 3aj1auu, U1s pellieHnst KOTOPbIX HCIIOJIB3YIOTCH KOMITBIOTEPHBIE BEIYUCIEHHS,
MOJKHO B I1€JIOM OTHECTH K KATEeropuu 3ajiay ¢ orpanndenusamu (constraint-satisfaction
problems, CSP). CSP-3ajauu cOCTOAT U3 NEPeMenbiy, JONVCTHMbIE 3HAYCHUA KOTO-
PBIX MONAAAIOT B ONpe/le/IeHHbIe IHalla30Hbl, U3BECTHBIC KaK of1acmu onpedeienus.
Jlns Toro 4ToObl pellinTh 3a/1a4y ¢ orpaHHYeHnsAMH, HeoOX0/HMO VA0BIETBOPHTD
CYUIECTBYIOIHE OrpaHHYeHns 1A nepeMeHHbiX. TPy OCHOBHBIX NOHATHA — Nepe-
MeHHBIe, 00J1ACTH OIpe/ie/IeHIs H OTPAHNYEHHs — MPOCThI M IOHATHBI, a Os1arogaps
MX VHHBEPCAIBHOCTH 33/1a4H1 € OrpaHHYeHHsMH [TOJIYYIIH HIHPOKOe TPHMeHeHne.

PacemoTtpusm npumep takoii sagaun. ITpeanonosxum, 4To Bel nbiTaeTech HA3HAYUTD HA
naTHHIY Betpedy s ko, Mapu i Ceio, Chbio 10/15KHa BCTPETHTLCA XOTA Obl € O/IHHM
uenosexoM. B atoil 3aaue niannposanms nepeMeHHsIMH MOTYT ObITh TPH YeJI0BeKa —
Jlxo, Mapu u Ceio. O6nacTbio onpeje/ieHus I Kakioii nepeMeHHoil Moryt ObiTh
yackl, Korja ceobojien Kaxablil ua uux. Hanpumep, y nepemennoii « Mapus obsnactb
onpejenenus cocrasager 2, 3 u 4 yaca nonoayjanu. Y atoii 3a7aum ecTh TakKe J1Ba
OrpaHHYeHHs, Bu—ulE'thlx, Chrlo 10/1KHA NPHCYTCTBOBAThL Ha BCTpeye. H{]—BT{}pux, Ha
BCTpeYe JOJAKHBI IPHCYTCTBOBATH N0 KpaitHeil Mepe jBa uenoseka. Pemenue atoii
3a/1a4M ¢ OrPaHHYCHUSIME OIIpPe/IeJIAeTCA TPeMs IepeMeHHbIMH, TpeMs o0JacTaMu
olipefeseHns U IByMs OrpaHHYeHHsaMH, TOr/a 3a1a4a OyeT peleda u [pH 9ToM He
npuaercs 00bACHATD M0JIb30BaTeNI0, Kak umento (puc. 3.1).

B HEKOTOpPBIX A3bIKaX IporpaMMHUpoBaHus, Takux Kak Prolog u Picat, ectb BeTpoentibie
CpeiCcTBa Ui pellleHHs 3aj1a4 ¢ orpannyeHusamMu. B apyrux aasikax oOblYHBIM N01X0-
JIOM SABJISIETCA CO3/laHNE CTPYKTYPBI, KOTOpas BKOYaeT B ce0s MOMCK ¢ BO3BpaTaMi
M HECKOJIBKO 3BPHCTHK /LI IOBBIIIEHHS ITPOH3BOIMTEILHOCTH oucka. B aToil raase
MBI CHaua1a coagauM cTpykTypy aas CSP-3anay, kotopas Ovaer pemath UX IPOCTBIM



3.1. MNocTpoeHwne CTPYKTypbl ANS 3afauu € orpaHudeHuamu 85

PEKYPCHBHBIM MOHCKOM € BO3BpaTaMi. 3aTeM BOCHOJIb3YEMCS 3TOH CTPYKTYPOIl 11s
pelIcHHA HECKOJIBKHX [TPHMCPOB TaKHX 3ajJa'.

BecTpeya B NATHWLY

NepeMeHHbie

onpeneneHvus

OrpaHuyeHua

M/ 1unm ﬁu
Mk

L8]

Puc. 3.1. 3apgaum NnnaHNpOBaHUA — 3TO KNACCMYECKOEe NPUMEHEHKUE CTPYKTYP
ANA YAOBNETBOPEHWUA OrpaHNYEHNIA

3.1. NOCTPOEHUE CTPYKTYPbI ANA 3AA0A4YUN
C OrPAHUYEHNAMU

Onpenennsm orpannyuenns nocpeicTsoM Kiacca Constraint. Kaxjoe orpannyenne
Constraint cOCTOMT U3 NepeMeHHbIX variables, KOTOpbIC OHO OFPAHHYHBACT, U Me-
Toja satisfied(), koTopslil nposepser, Boinoangercs an ono. Onpejenenue Toro,
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BBITIOJIHAETCS JIH OrpaHHyeHHe, SBJIAeTCH OCHOBHOI JIOrHKOIL, BXOJsIIei B onpe/ieieHne
KOHKPETHOIH 3a/1a4uy ¢ orpannyenusaMu. Peannsaiuio 1o yMoia4anuio Hy;KHO nepe-
onpeaeanTs. MMeHno tak u 10/5KH0 ObITh, NOTOMY YTO MBI Olipe/esisieM Constraint
Kak abcTpakThblii 6azoBblii Kaace. AGcTpakThbie HazoBbie KJacchl He NpeiHasHa4yeHbl
JUis peannszaiiuu. ToJbKo HX NOJAKIACCH, KOTOPbBIE NEPEONPeIesaioT H PEATU3YIOT CBOH
abcTpakTHble MeTO/Ibl abstract, npeHasHaYeHbl JUIS 1eICTBHTEIbHOIO HCTIOB30BA-
Hust (Jmerunr 3.1).

Nncrunr 3.1. Constraint.java
package chapter3;

import java.util.List;
import java.util.Map;

ff V = Tun nepemenHo#, D = TUn gomexa.
public abstract class Constraint<V, D» {

// MNepemeHHsie, ONA KOTOPWX CYWECTBYET OrpaHW4eHHe
protected List<V> variables;

public Constraint(List<V> variables) {
this.variables = variables;

}

// Heobxogwmo nepeonpesenuTe B noaxknaccax
public abstract boolean satisfied(Map<V, D> assignment);

COBET

B Java OuiBaet c1oH0 BRIOpaTh MeY adcTpakTHREIM KJaaccoM H HHTepdeiicom. ADcTpakT-
HBIE KIACCH MOTYT COAEPXKATh nepementsie ak3emmusapa. [lockoasky y Hac ecth nepemennsie
IKICMILIAPA NEePeMeHHbIX, Mbl HCTIONB3YeM adCTPaKTHLI KJacc.

[leHTpasbHBIM 2JIEMEHTOM Hallel CTPYKTYPhl COOTBETCTBHS orpaHuyeHusM Oyaer
KJIace ¢ HazsanueM CSP (smcrunr 3.2). CSP — 3T0 MeCTO, 1/1e coOpaHbl Bee lepeMeHHbe,
obnacti onpejenenus u orpannverns. C TOUKH 3peHHs M0ACKA30K THIIOB KJacc CSP
NpUMEHsAeT YHHBepcaibHble cpeacTBa, 4To0bl ObITh JocTaTodHO rHOKNM, paboTaTh
¢ 0OBIMH 3HAYEHHAMM NepeMeHHbIX 1 ob/acTeil onpegenenns (rjae V — aTo 3Ha4eHns
nepeMeHHbIX, a D — 3Hauenus obuacreil onpesenenns). B CSP kouekiun variables,
domains M constraints umeioT oxkilaemsle Tunsl. Kosneknus variables — ato list
JUIA NepeMeHHbIX, domains — Map ¢ COOTBETCTBHEM II€PEMEHHBIX CIIHCKAM BO3MOMHBIX
aHavenuii (obnacTaM onpejaeneHus ITUX NepeMeHHbIX), a constraints — Map, riae
KaZKJ10H nepeMeHHON CoOOTBeTCTBYET 1list HANMOKEeHHbIX Ha Hee OrpaHuYeH i,

Koncrpykrop coznaer kapry constraints Map. Merton addConstraint () npocmarpusaer
BCE HePeMeHHbIE, K KOTOPbIM OTHOCHTCH JlaHHOe orpaHnyenne, H aobasaser ceds B coOT-
BETCTBHE constraints U1 Kaxk10il Takoil nepemennoil. O6a MeToa MMEIOT NPOCTEYIo
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NpoBepKy omnbOK H BHI3BIBAIOT HCKIIOYEHHe, ec/ii variable otcyTersyer B o0acTi
OlpeeeHHs WK CYLIeCTBYeT constraint /1A HecylecTBYIONEil [IepeMeHHOIL.

Nncrunr 3.2, CSPjava (npogonxexne)
package chapter3;

import java.util.Arraylist;
import java.util.HashMap;
import java.util.list;
import java.util.Map;

public class CSP<V, D> {
private List<V» variables;
private Map<V, List<D>> domains;
private Map<V, List<Constraint<V, D>>> constraints = new HashMap<>();

public CSP(List<V> variables, Map<V, List<D>> domains) {

this.variables = variables;
this.domains = domains;
for (V variable : variables) {

constraints.put(variable, new ArraylList<>());

if (!domains.containsKey(variable)) {

throw new IllegalArgumentException("Every variable should
have a domain assigned to it.");

}

public void addConstraint(Constraint<V, D> constraint) {
for (V variable : constraint.variables) {
if (!variables.contains(variable)) {
throw new IllegalArgumentException("Variable in constraint
not in CSP");

}

constraints.get(variable).add(constraint);
}

Kak y3HaTh, COOTBETCTBYET JIM JIaHHas KOH(PUIYpaIHs epeMeHHbIX U BLIGpaHHBIX
3Havenuil obaacT onpeesenns 3afaHHbiM orpannyennam? Mol Oyiem HasbiBaTh
TAKVIO 3a/aHHy10 KoHmrypauuio npuceaueanuem. Ham nyxna pyHkuus, koropas
nposepsija Obl KajK10e orpaHHYeHne JUIA 3a/IaHHOIT IepeMeHHOI 110 OTHOMEHHIO
K ]lp][CBﬂHBﬂHHlﬂ, ‘-]Tl}ﬁbl }’E]i;['E'Th. }"J],UB.‘]ET]I[][JHET JIH 3HAYeHue IIEPE&[E}ll{ﬂi'[ B [[[]H-
cBauBaHuH 3TUM orpanndennsaM. B anerunre 3.3 peannszosana ynxius consistent ()
KakK MeToj1 KJiacca CSP.

Metoj consistent() nmepebupaer Bce orpaHHYeHHs /IS JAHHOI nepeMeHHoil (3To
Becerzia OyeT nepeMenHas, TOJIbKO 4To 00aBjieHHas B IPHCBAHBaHKe) U IIPOBEPSET,
BBIIIOJIHAETCH JIH OrpaHHYeHHe, YYHThiBasd HOBOe npucsBausanue. Ecan npucsan-
BaHUe YJIOBJIETBOPSAET BCeM OrpaHH4YeHusM, Bo3spalaercs True. Ecan kakoe-1mbo
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orpaHHYeHue, HATOKEeHHOe Ha NepeMeHHYI0, He BhIITOJAHAeTCS, BO3BpalllaeTcs 3HaueHue
False.

JNncrunr 3.3. CSPjava (npopgonxexue)

[/ MNpoeepaAem, COOTBETCTBYET AW NMPUCBAMBAHWE 3IHAYEHWA,
// npoBepas BCe OrpaHW4eHHA ANA A3IHHOW NepeMeHHOoM
public boolean consistent(V variable, Map<V, D> assignment) {
for (Constraint<V, D> constraint : constraints.get(variable)) {
if (!constraint.satisfied(assignment)) {
return false;
}

}

return true;

}

Jlns noncka pemienus 3a1a4m B TaKOil CTPYKTYPe BuINOJIHEHUs orpanndennii Oyer
HCTMTONB30OBATLCH ]lpﬂﬂT[lii NMNOHCK C BO3BpaTaMH, Bﬂ.’i‘ﬁ'pamﬂ — 3TO NOAX0J, MPH KOTO-
POM, ecJIN NIOMCK 3allie]1 B TYIIHK, MBI BO3BpallaeMcs K ocje el H3BecTHOH TOUKe,
rjie ObLIO IPUHATO PellieH e, IePe/l TeM Kak 3aiiTH B TYIHK, i BeIOHpaeM Apyroii nyTh.
Ecain BaM KaseTcst, 4TO 3TO 1I0OX0Ke Ha MOUCK B rayOHHY M3 I1aBbl 2, TO Bbl IIPaBbl.
[Tonck ¢ Bossparom, peanusoBadiblid B pyHKIMKM backtrackingSearch(), — aTo
CBOETO Pojia PEKYPCHBHBII MOMCK B rAyOHHY, B KOTOPOM 00beAnHEHBI HEH, OITH-
cannble B riaasax 1 u 2. Irta dpyukumus rodasiasercs B KadecTBe METO/a B Kiacc CSP

(aucrunr 3.4).

Nunctunr 3.4. CSPjava (npogonxeHune)

public Map<V, D> backtrackingSearch(Map<V, D> assignment) {
// npuceawBawWue 3aBepweHo, ecNM CYWeCTBYeT NPUCBaUBaHWE
// Ana kaxnod nepemedHon (ba3oBoid cny4ai)
if (assignment.size() == variables.size()) {
return assignment;
}
// Nony4YuTe BCe nepeMeHHme W3 CSP, HO HE W3 NPUCBaUBAHWA
V unassigned = variables.stream().filter(v ->»
lassignment.containsKey(v)).findFirst().get();
[/ nony4uTb BCe BO3MOXHbIE 3Ha4YeHWA 0BnacTn onpeaeneHuA
// AnAa nepesod nepemeHHORW 683 NPUCBaWBAHMA
for (D value : domains.get(unassigned)) {
// Menkaa KONWA NPUCBAWBAHUA, KOTOPYW Mbi MOKEM W3MEHWTH
Map<V, D> localAssignment = new HashMap<>(assignment);
localAssignment.put(unassigned, value);
f/ ecnu HeT npoTUBOpe4YMiA, NPOACNKAEM pPeKypCHID
if (consistent(unassigned, localAssignment)) {
Map<V, D> result = backtrackingSearch(localAssignment);
// ecnu pe3ynbTaT He HalfleH, 33aKaH4YMBAEM BO3BpaThi
if (result != null) {
return result;

}
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].

return null;

}

// BCnomoraTencHelid knacc ¢yHkumu backtrackingSearch
public Map<V, D> backtrackingSearch() {
return backtrackingSearch(new HashMap<:>());

}
}

Ucenenyem backtrackingSearch() nocrpouno.

if (assignment.size() == variables.size()) {
return assignment;

}

basosbiii cay4ail U1 peKypCHBHOTIO MOMCKA 03HAYAET, YTO HYKHO HAlTH NpaBHib-
HOE NpUCBaHBaHHe VIS Kaxk/10il nepementoil. Caenas 1o, Mbl BOZBpallaeM NepBblil
BAJIH/IHBII 9K3eMILIAP peiienus (1 He MPoA0JIKaAeM OUCK ).

V unassigned = variables.stream().filter(v ->
lassignment.containsKey(v)).findFirst().get();

YroOs! BuIOpaTh HOBYIO NEepeMeHHYI0, 00J1acTb onpejiejedns Kotopoii OyaeM uece-
JIOBATH, Mbl IIPOCTO MPOCMATPHBAEM BCE MEPEMEHHbBIE H HAXO/HM IEPBYIO, KOTOpas
He nMmeeT npucsauBatns, [las aToro cosaeM 1OTOK AaHHBIX, OTHUABTPOBaAHHBIX 110
assignment, M H3BJIEKAEM MEPBYIO, KOTOPas He HA3HAYeHa, ¢ noMoublo findFirst().
filter(), npunumas Predicate. Predicate — 310 pynkumonansusiil unrepdeiic, onu-
CBIBAIONIMIH (DYHKIMIO, KOTOPBIA NPHHUMAET OJIMH APIYMEHT U BO3BPALLAET JOIHYECKOE
sHadenne. [Ipeankar — aro asambaa-soipaxkenne (v -> |Assignment . containsKey(v)),
KOTOpOE BO3BpalllaeT 3Hauenue true, eciu assignment He COACPIKHUT apryMeHT, KOTOPBIi
B JlaHHOM cayuae OyeT nepemennoil s nauero CSP.

for (D value : domains.get(unassigned)) {
Map<V, D> localAssignment = new HashMap<»(assignment);
localAssignment.put(unassigned, value);

Ecain HoBoe npucsansanne B localAssignment corjiacyercs o BCeMH OrpalHyeHusiMiu,
4TO MPOBEPHETCA € NOMOILBIO consistent (), Mbl IPOAOJKAEM PEKYPCHBHBIH NONCK
JU1A HOBOrO npucBanBaiusa. Ecan HoBoe npucBanBanie OKasbiBaeTCs 3aBeplIeHHbIM
(GazoBeiil cay4ail), nepejaaeM ero BBepx 1o Henouke peKypeui.

if (consistent(unassigned, localAssignment)) {
Map<V, D> result = backtrackingSearch(localAssignment);
if (result != null) {
return result;

}
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Jlns nannoii nepeMeHHOI Mbl NBITAEMCS ONPEAeNTh BCe BO3MOMKHbBIE 3HAYCHHS
nomena. Kaxnoe nosoe snadenne Oyet XpaHuTbes Ha JIOKaJIBHOI KapTe ¢ HMEHEM
localAssignment.

return null;

Hakonell, ecJin Mbl paccMOTPe/IH BCE BO3MOKHBIE 3HAYEHNIs 00J1acTH onpeieieHis
/111 KOHKPETHOI nepeMeHHoi 1 He 0OHaAPYKHIN PelleHus, B KOTOPOM HCTOJb30-
BasicA Obl cyiecTBYIOIHIT Habop Ha3HAYeHHI, TO Bo3BpalilaeM null, 4To VKa3biBaeT
Ha OTCYTCTBHE pelienus. B pesyabrarte 1o nenouke pekypceun Oy/er BbioJIHEH
BO3BPAT K TOYKE, B KOTOPOii MOTJI0 ObITh NPHHATO JIPYTOE NPe/BapUTENbHOE TIPH-
cBauBaHue,

3.2. SAAAYA PACKPALLMBAHUA KAPTbI ABCTPAJNTIUU

IIpencrasbre, 410 ¥ Bac ecTh Kapra ABCTPaZInM, HA KOTOPOIl Bbl XOTHTE Pa3HbIMH 11Be-
TaMH 0003HAYNTD ITAThl/TeppuTOPHM (Mbl OY/1EM Ha3BIBATH TE U APYTHE PErHOHAMMH).
Hukakue ase cocejtine o0uacTi He JIOJDKHBE ObITH OKPALIeHbl B OJIMH U TOT JKe 11BET.
Mﬂ}l{[[ﬂ JH pHCKpEICHTb PEl"liﬂllh] BCero T[HEM.‘FI ]]a:!l-[h[h'[ll L[EF_'THMH?

Orset: aa. [onpoOyiite camu (cambliil IpocToii cnocod — HanevataTh KapTy ABCTPaIHK
¢ bestbiM horom ). Mt JTI0/1H, MOKeM ObICTPO HANTH pellieHne TYTeM H3Y4YeH s KapThl
1 HebobIoro KoandecTsa 1pod 1 ommbok. Ha camoM jesie ato TpuBHAIbHAS 3a/1a4a,
KOTOpas OTJAHYHO NOI0H/IeT B KAYeCTBE IePBOi /I8 Hallel NPorpaMMbl peleHns 3a-
/a4 ¢ OrpaHM4eHHAMM METOL0M MOUCKA ¢ Bo3BpaTtoMm (puc. 3.2).

Y1o0bl eMojienpoBaTs npobiaemy kak CSP, HyxHO onpeie/iuTh epeMennsie, 00-
JacTH onpeaenenns u orpanndenns. [lepemennsie — 310 ceMb perHoHOB ABCTpainu
(no kpaiiHeHd Mepe Te ceMb, KOTOPBIMH Mbl OrpaHu4YMMcA): Janajias ABcTpaius,
Cesepuas teppuropus, IOxuaa Apcrpanus, Keuncaeny, Hoswiit KOxusiii Yanec,
Bukropus u Tacmanns. B namem CSP ux MmoxHo npeactaButs Kak crpoki. Obnacts
onpe/eeHns Kaxaoii nepeMeHHoii — aTo TPH Pa3HbIX 1{BETa, KOTOPbIE MOTYT OBITh
eil npucBoenbl. (Mol ncnoJsibavem KpacHbiil, 3e1eHbiil u cunnil.) Orpanuvenua —
caoxkublit Bonpoc. Hukakue ase cocepnne ofjaacti He MOryT ObiTh OKpallieHbl
B OJIMH M TOT JKe 1[BET, I09TOMY orpaiuderus OYAVT 3aBHCETh OT TOr0, KakHe M3 HUX
rpaHu4aT JApyr ¢ Apyrom. Mbl 3a/1eCTBYEM TAK HazbiBaeMble IBOMYHbIE OrpaHHye-
HUSI — OrpaHHYeHHs MeXLy AByMs nepemennniMu, Kaxasie ase obnactu ¢ obueii
rpanuieil OyJayT UMeTh IBOHYHOE OrpaHHYeHHe, VKa3biBalollee, YTO HM HeJlb3s IPH-
CBOMTb OJIHH M TOT JKe 1{BeT.

Yrobul peann3osath TaKHe JABOMYHLIE OFPAHHYEHHA B KOJIe, HYKHO CO3/1aTh 10]-
Kjacc Knacca Constraint. Konerpykrop nojakinacca MapColoringConstraint Oy-
JleT IPUHMMATD /IBe NepeMentbie — jBe obnacti, nmelomue oburyio rpanuiy. Ero
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nepeonpejeeHnbiil Metol satisfied() cHauana npoBepuT, NIPUCBOEHBI JIH ITHM
AsyM o0nactam 3navenns (useta) us obnactu onpepenenus. Ecian ner, to orpa-
HUYEHHEe CYUTACTCH TPHBHAILHO BLINOJIHEHHBIM J10 TeX 110p, 110Ka 1BeTa He OyayT
npucsoensl. (IToka y oiHOro U3 permoHoB HeT 1BeTa, KOHQINKT HeBO3MOXKeH.) 3a-
TEM METO/L ITPOBEPHT, PUCBOEH JIH ABYM 00JacTsM 0/iHH 1 TOT Ke 1BeT. QueBnIHo,
YTO eCJIH 1IBeTa OJIHHAKOBLRI, TO CYHIECTBYET KOHQ}JIHKT. O3HAYAIONLHIT: OrpaHHYeHHE

HE BBIMIOJIHACTCH.

!

Tacmanusa

Puc. 3.2. Mpwn packpacke KapTbl ABCTPaNnm HUKaKKMEe Ba CMEXHbIX PEruoHa He moryT BbiTb
OKpalleHbl B OfWH 1 TOT Xe useT

Jlanee atot Kiace npejcTasiaeH Bo Beeil csoeit nosxote (auctunr 3.5). Cam no cebe
Kiacc MapColoringConstraint He yHHBEPCAJI€H C TOUKH 3PEHHsS aHHOTAIIMH THIIA,
HO OH ABJACTCH NOJAKJIACCOM IIEPHMETPH&DBHHHDﬁ BEPCHH }FHH_'BE[K:ZUII:HUI'D KJlacca
Constraint, KOTopas yKasbiBaeT, 4TO NepeMeHtble U 00JacTH ONnpele/IeHHsa HMET
THII String.
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Nucrunr 3.5. MapColoringConstraint java

package chapter3;

import java.util.HashMap;
import java.util.List;
import java.util.Map;

public final class MapColoringConstraint extends Constraint<String, String> {
private String placel, place2;

public MapColoringConstraint(String placel, String place2) {

}

super(List.of(placel, place2));
this.placel = placel;
this.place2 = place?;

@0verride
public boolean satisfied(Map<String, String> assignment) {

}

// ecnn kakoih-nmbo perwoH place OTCYTCTBYET B NPUCBAWBAHWUM,

// TO ero uBeTa He MOryT NPUBECTH K KOHPAMKTY

if (!assignment.containsKey(placel) ||
lassignment.containsKey(place2)) {
return true;

}

// npoeepaem, He coBnagaeTr Nu UBET, MNPUCBOEHHLIA

// placel, ¢ upetom, npucBoeHHbM placel

return !assignment.get(placel).equals(assignment.get(place2));

Teneps, Korja ectb crocod peainsaliii OrpanHYeHHIT MEA/IY PErHOHaAMH, MOKHO JIETKO
YTOMHUTD 33/1a4y O PACKPALINBAHUN KAPThl ABCTPA/IMH € OMOLLBIO [TPOrPAMMBI pelile-
HusA MeTo/10M CSP — HY:KHO JIMIIB 3a110JHUTB 00J1aCTH ONpele/ieHns 1 nepeMeHHble,
a 3ateM io0aBuTh orpanndenns (mctunr 3.6).

Nucrunr 3.6. MapColoringConstraint.java (npogomxexwne)
public static void main(String[] args) {

List<String> variables = List.of("Western Australia”, "Northern
Territory™, "South Australia", "Queensland", "New South Wales",
"Victoria®, "Tasmania");

Map<String, List<String:>> domains = new HashMap<:();

for (String variable : variables) {
domains.put(variable, List.of("red", "green", "blue"));

}

CSP<String, String> csp = new CSP<>(variables, domains);

csp.addConstraint(new MapColoringConstraint(“Western Australia”,
"Northern Territory"));

csp.addConstraint(new MapColoringConstraint("Western Australia”,
"South Australia"));

csp.addConstraint(new MapColoringConstraint("South Australia”,
"Northern Territory™));

csp.addConstraint(new MapColoringConstraint("Queensland”,
"Northern Territory™));
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csp.addConstraint(new MapColoringConstraint("Queensland”,
"South Australia"));

csp.addConstraint{new MapColoringConstraint("Queensland”,
"New South Wales"));

csp.addConstraint(new MapColoringConstraint(“New South Wales”,
"South Australia"));

csp.addConstraint({new MapColoringConstraint("Victoria”,
"South Australia"));

csp.addConstraint(new MapColoringConstraint("Victoria”,
"New South Wales"));

csp.addConstraint(new MapColoringConstraint("Victoria"”, "Tasmania"));

Hakoune1, suiasisaem backtrackingSearch () as noucka pemenus (auctunr 3.7).

Nncrunr 3.7. MapColoringConstraint.java (npoponxexnne)

Map<String, String> solution = csp.backtrackingSearch();
if (solution == null) {
System.out.println("No solution found!");
} else {
System.out.println(solution);
}

}

[TpaBuabhoe pemenne Oyaer npejAcTaBaaTh cob0il CNMCOK 1IBETOB, NPHCBOEHHBIX
persoHam:

{Western Australia=red, New South Wales=green, Victoria=red, Tasmania=green,
Northern Territory=green, South Australia=blue, Queensland=red}

3.3. 3AJAYA BOCbMU ®EP3EMN

[laxmaTHas qocka — aTo ceTka paamepom 8 x 8 kietok. Mepab — maxmartHasn du-
rypa, KOTopas MOKeT [epeMeliaThes Mo MaxMaTHoil JocKe Ha Ji00oe KOIHYecTBo
KJETOK 110 1100011 ropu3oHTa M, BEPTHKAIN WaH Auarodanu. Ecau 3a oaun xon
(pep3ab MOKeET nepeMecTUTHCA Ha KJIETKY, Ha KOTOpOil cTouT aApyrasa ¢urypa, He
nepenpsiruBas HH yepes Kakylo Apyrywo ¢urypy, To ¢gepab atakyer aty durypy.
(Apyrumu cnosamu, eciin purypa HaxoAUTCA B 30He NPAMOil BAUMocTH depas, To
oHa nojpepraetcs ataxe.) 3ajava BocbMu (repaeil COCTOUT B TOM, KaK pasMeCcTHTh
BoceMb (hepseiil Ha maxMaTHoil Jocke TakuM oOpa3oM, 4ToObl HH OJIMH U3 HUX He
arakosaa apyroro (puc. 3.3).

Yro0b! npejcTaBuTh KJISTKN HA MAXMATHOI J0CKe, IPHCBOMM Kax10il 3 HUX /Ba
HeabiX Yyncaa, 0603HAYAIINX FOPU3OHTANb U BEPTHKAIb. Mbl MOXKeM rapanTupo-
BaTh, YTO HHKaKasA napa U3 BoCbMH (hep3eiil He HAXOAUTCA Ha OJIHONH BEPTHKAIM,
MPOCTO MPHCBOHB UM MOCAE0BATEILHO HOMEPa BEPTHKAJIEH ¢ NepBoro 1o BOChMOIL,



