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11. NporpamyBaHHA 3 NOBEPHEHHAM Ha3ap4,

AnropuTMu 3 NOBEpPHEHHSIM Ha3aJ, BUKOPUCTOBYIOTh JJisl PO3B’siI3yBaHHsA 3ajady, fKi
noTpebyoTh MepeBipKU MOTEHLIHHO BeJHKOi, MpoTe CKiHYeHHOI KilbKOoCTi po3B’sa3kiB. Takui
aJITOPUTM LIYKAE PO3B’SI30K 33/jayi He 3a 33JlaHUMU NpaBUJaMH 00YUC/IEHD, A UJISIXOM CIPO6 i
NOMWJIOK. BiH MOC/AiJOBHO KOHCTPYIOE pO3B’SI30K 3ajayi, L0pa3y A0AAlYM HOTro 4YeproBy
CKJIQZIOBY YAaCTHUHY i NepeBipsil04M MOKIUBICTb MPOAOBKUTH NOOYA0BY. AKII0 TaKOl MOXKIMBOCTI
HEMag€, TO aJITOPUTM BiJIKM/JIa€ OCTAHHIO UM KiJIbKa OCTAaHHIX JOJaHUX YaCTHUH, IOBEPTAETHCA Ha
KiJbKa eTaniB MoOy/0BY Ha3a/, i NpoOye 3HaXOAUTH iHILI BapiaHTH NPOJOBXKEHHS. 3/1€6i/1b1I0TO
TaKi a/ITOPUTMU BU3HA4YalOTh y TepMiHax peKypcil. 3arajioM yBecb porec MoXHa TPaKTyBaTH AK
nobyno0By U 00pi3aHHA AepeBa mija3ajad. [li3ajaya Mae MeHIIMU po3Mip, HiX BUXiZHA 3a/a4a,
NpoTe HAa KOXXHOMY eTalli Mo6yJ0BH PO3B’sI3KYy TaKUX Mif3azay € Kiibka. Bubip oaniel 3 Hux
BU3HAYa€E CNOCi6 NPOJ0BXKEeHHS NMOOY0BU pO3B’sI3Ky. Y 6araTboxX BUIaZKaX TaKe JepeBO poCTe
Ayxe wBuako. lIBUAKICTE 3pocTaHHA JepeBa MiA3ajad 3aJeXXUThb BiJ napaMeTpiB 3ajadi i
3/1e6isbIIOT0 OYBA€E eKCroTeHLifHO0 (27, 3" Tol0). HaBiTh y BUnaAKy o6pizaHHs 99% MOKJIUBUX
nifi3aZlad WBHUAKICTb 3pOCTaHHS 3aJMIIAETbCA 4yuMasor: Mn/100 pasa BeJUKUX n 3pOCTaE
eKCIIOTEeHIIiMHO.

[IpofeMOHCTPyEMO TpolLiec NOOYJ0BM aJrOpUTMy 3 I[OBEPHEHHSIMM Ha MpUKJIAfi
pO3B’si3yBaHHS KOHKPETHHUX 33/ay.

11.1. Typ KOHA

3adaua 47. 3adaHo HamypaabHe n. Ha waxieHuyi po3mipy nxn Ha noJji 3 KoopouHamamu
(xo, yo) cmoimb waxosa ¢izypa - kinb. Hozo moxcna nepecysamu 3a 38uuatiHumu
waxosumu npasuiamu. 3Hatimu nocaidogHicms n?-1 xodie koHs, 3a SKI 8iH 06itide 8ci
KAIMKU 0OWKU, N06Y8a8WU Y KOXCHIU Aulle 00UH pas.

Ofpa3y 3anponoHyBaTH CHOCIO OTpUMaHHSA PO3B’S3Ky 3a/jadi HeJlerko, TOMY PO3B’S?KEMO
CIoYaTKy MpocTilly 3azadyy: abo sukoHamu uepeosull xid, a6o dogecmu, wo 6ydb-aKull Xid
Hemoxcaugull. 3 6y 1b-K0I KJIITKH KiHb MO>Ke BUKOHATH He 6iJibllle BOCbMU XO/[iB, TOMY iCHYE€ JIUIiIe
BiCIM MOXXJIMBUX BapiaHTIB NpOA0BXKeHHA Typy. OIUH 3 LIUX XO/iB MO>KHAa BUKOHATH, KLU0 KiHb He
BUI/le 32 MeXi JIOIIKHK i cTaHe HA KJITKY, B sKil BiH 11e He OyB. [lepebupaTu KaHAUJATIB Ha
NpPOJIOBXXEHHSI MOXHA MOCJiJ0BHO, TaM ITal0OUd HOMepP OCTaHHbOTO BUIIPOOYBAHOTO KaHAWUAATA.
A0 BCi MOXJIMBI NPOIOBXKEHHS BeIyTh HA 3alHATI KJIITKK ab0 3a MeXi JOLIKH, TO Xi/Jj 3p0OUTH
HEMO>KJIMBO. AJITOPUTM Nnepebopy KaHAWUIaTiB CXeMaTUYHO 3alUCYIOTh TaK:

do {
BUb6ip 4YeproBoro_kaHgupaTa_3i_ cnucky xoaiB;
if (nipxomuTb) 3anucaTtu_xip; }

while (!nipgxoanTb && KaHAMAATKM e €)

[IpopoBxkumo MipkyBaHHS. lllo6 posmouaTu nepebip KaHAWJATIB, HEOOXiHO 1€ Hepes
IUKJIOM $KOCH iHinjianidyBaTu ixHid BubOip. Jani, AKmo 4yeproBud xif BAAJUN, TO NMOTPiOHO
NPOJIOBKYBATH MOOYI0BY Typy (MepelTH 0 po3B’I3yBaHHA Ni/[3a/ja4di — MOOY/J0BU KOPOTILOTO Ha
OJMHHUIIIO TYPY). Y IPOTUIEKHOMY BUIIAJKY, SKIIO 3 [1bOTO M0JIf XiJj 3pOOUTH HEMOXKJIUBO, TO KOHS
HeoOXi/THO MOBEPHYTH Ha MOIepeHE MoJie i cnpobyBaTH 3poO6UTH iHIIMK Xia. OTxKe, nporeaypa
BiZjlIyKaHHA Typy KOHA MaTHUMe TaKUU BUTJIAL;

void TryNextMove()
{

iHiyianisysaTu_BubGip xoay;
do {
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BMbip yeproBoro_kaHauMaaTa_3i cnucky xoais;
if (niaxoauTb)

{
3anucaTtu_xing;
if (powka_ He 3anoBHeHa)
{
TryNextMove(); // npodobxeHHa nobydoBu po36'a3Ky
if (HeBgayva) //noBepHeHHA, Bubip HacmynHo2o kaHOudama
cTepTu_nonepenHin_xin;
}
}

while (xip_6ysB_HeBganum && KaHAMOATU e €);

[[lo6 KOHKpEeTH3yBaTH «OIMepaTopu» L€l MpoLeAypH, CIOYATKy BHU3HA4YAIOThb CHOCIO
300pakeHHs WaxiBHUIl. Hal3pyuHime 3 1i€l0 MeTOH BUKOPUCTATH LIiJIOYMCIOBY MaTPHUIIO
po3MipiB nxn: craTU4Ha a60 JUHaMi4Ha. /|Jisl M0YaTKy CKOPUCTAEMOCS CTATUYHOIO.

const int n = 8;
int board[n][n];

[i 3HaueHHAMHU MOXYTb 6yTH NOPAAKOBI HOMEpHU XOAiB KOHs. [lepesi mo4aTKOM N06YA0BH
TYpy MaTpUlisd 3al0BHEHA HyJIaMU: board[x,y]=0, gK10 Ha noJe (X, y) e He XoaAuau; board[x,y]=i,
K10 Ha noJi (x, y) kiHb 6yB Ha i-My xo/i. Hexalt 3MiHHI u Ta vV MiCTATh KOOPJIMHATH MOXJIUBOTO
HACTYIHOTO XOAY.

Tenep Jierko KOHKpeTU3yBaTH TaKi onlepaTopH:

JdowKa_He_3ano8HeHa: epeBipUTU YMOBY i<n?;

nioxodums: nepeBiputu (1<u<n)A(1<v<n)A(board[u,v]=0);

Hesdaua, xi0_6ys_edaaum - [Js BifjoOpakeHHS LUX JaHUX BUKOPUCTAEMO [A0JATKOBY
3MiHHY success JOTiYHOTO0 TUILY;

3anucamu_xid — 3aJlaTH BiJiINOBiAHe 3HAaYeHHS eJieMeHTa MacuBy: board [u, v] = i;

3HUWUMU_XId — aHaJIoTiYHO Jj0 monepegHboro: board [u, v] = 0.

Yci ui pilieHHs JalOTh 3MOTY BUKOHATH HACTYITHUU KPOK JeTasi3anil

bool success = false;
void TryNextMove(int step, int pos_x, int pos_y)
{
iHiyianisyBaTu_Bubip_xopy;
do {
064ncnuTu_(u,Vv)_KOOPAMHATU_HACTYMHOrO_Xxoay;
if (0 <= u & u<na&k 0 <=v & v < n & board[u][v] == 0)

{
board[u][v] = step; //pobumo xip
if (step < n*n)
{
TryNextMove(step + 1, u, V); // wyKaemo npodoBxeHHs
if (!success) board[u][v] = ©; // noBepHeHHA HAG KpPOK HA3d0
}
else success = true;
}

} while (!success && kaHguaaTv_we €);
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OTxxe, Hauly nporpaMy Mauke 3aBeplleHO. 3aJUIIWJIOCh TiJIbKU yYTOYHWUTHU MNpaBUIa
iHiniasnizanii xoy Ta BUGOPY HACTYITHOTO XO/y. Yce HalKcaHe JoTelep HisK BiJ HUX He 3a/1€XKUTh,
TOMY IporpaMa npaioBaTruMe 3a 0y/ib-sIKUX pPaBUJ nepeMiljeHHs Qirypu.

[IpoTe yBaxKHUHM YMTa4 MaB 6U 3aNUTATH, K npouenypa TryNextMove oTpuMae AOCTYM 10
3MiHHUX board, success? Mu orosiocuu ix nepej, 6JJo0koM QyHKIii, TOMY BOHU € IJ1I060aJIbHUMHU.
JocTtyn a0 HUX MaTUMyTh yci GyHKIil, BU3HAYeHi JaJsi mo TeKcTy nmporpaMu. BukopucTaHHSA
ri106albHUX 3MiHHUX — He Ay»Ke X0pollla NMpaKTHKa. BijoMo, 1110 HEKOHTPOJIbOBAaHUM AOCTYI 10
HUX € HAJ[INHUM JPKepeJioM MOMUJIOK ¥ po60Ti nporpaMu. Mu mMorsiu 6 nepeaaBatu board i success
Yyepe3 MapamMeTpH, aje BeJMKa KiJbKICTb MapamMeTpiB peKypcHBHOI QyHKIiI HaBaHTaXKyBaTUMe
CUCTeMHUH cTeK. BubepeMo neBHUN KOMIpoMic. 3MiHHY success 3a/IMIIMMO IJ106aJbHOIO (B Mexax
¢daiiny 3 Bu3HaueHHAM ¢yHKuUil TryNextMove), a MaTpULIO-1IaXiBHUIO [lepeJaBaTUMEMO Yepes
napaMmeTpu. Toai MM 3MOXXeMO CTBOPIOBATH il AWHAMIYHO TaKOro poO3Mipy, SKUH 3aJacTb
kopucTyBau. [lepes nepmiuM BukanukoM TryNextMove noTpibHO 3a/aTU 3HaYeHHSA success = false.

Bigomo, 10 kiHb X0A4UTh «0yKBOIO I'». Ha puc. 11 uudpamu nosnave-

3 2 HO KJIITKH, KYAW MOXKe MOXOAWUTHU KiHb 3 KJIITKH Kn. Ik 3MiHATbCA HOro

4 1 KOOPJIMHATHU Iic/sA BUKOHAaHHA xoay? Hanpukiaj, AKU0 BiH NOXOAUTh Ha
Kn KJITKY «1», TO 3Ha4YeHHS X 3pOCTe Ha 2, a 3Ha4YeHHA y — Ha 1. Taki 3MiHu

5 8 KOOpJHWHAT MOXXHA 3aJaTH JJI KOXXHOTO MOXJIMBOrO XOAY 1 3amucaTv y
6 7 MacHMBH, a JJi IXHbOr'0 Mepebopy BUKOPUCTATH 3MiHHY-JIIYUJIBHUK XOJIB.

Tenep Jierko 3aBepUIUTH AeTasli3allito nporpaMu: iHinianisanis Bubopy xony
noJisiraTUMe y TMPUCBOEHHI HYJS JIYWJBHUKY XOJAiB, BUOIp HACTyMHOTO
KaHJAWJaTa — 36i/blIeHHS JIYW/IbHUKA | 3MiHA MOTOYHUX KOOPAMHAT KOHS
Ha BiAmoBigHI 3MimeHHs. Ycix KaHAWAATIB Ha HACTYNMHUH XiJ Oyjle
BUYEpIaHO, KOJIM JIYWJIBbHUK JOCATHE MaKCUMaJIbHOrO 3HadyeHHA 8.
OcTaToYHO OTPUMAEMO:

Puc. 11. Moxnusi
XOJHU KOHSA

// CTBOpWE AMHaMiyHy MaTpuul Nxn 1 3anOBHWE 11 HynAMM
int** BuildBoard(int n)

{
int** board = new int*[n];
*board = new int[n * n];
for (int i = @, *curr = *board; i < n * n; ++1i, ++curr) *curr = 0;
for (int i = 1; i < n; ++i) board[i] = board[i - 1] + n;
return board;
}

// 3BinbHAE AMHaMiyHy nam'saTb Big maTpuui
void EraseBoard(int**& board)

{
delete[] * board;
delete[] board;
board = nullptr;
}

// BMBOAMTb Ha ApyK MaTpuuw-waxiBHWL0; pAAKM - B obepHeHOMy MOpAAKY,
// OCKinbKW MOYaTOK KOOPAMHAT WAaXiBHMULI - B NiBOMY HMXHbOMY KYTKY
void WriteBoard(int** board, int n)

{
for (int i =n-1; i >=0; --1i)
{
cout.width(4); cout << i + 1 << " |";
for (int j = 0; j < n; ++j)
{

cout.width(4); cout << board[j][i];
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}

cout << '"\n';

}
cout << " " << std::string(n * 4 + 1, "-') << "\n "3
for (int j = @; j < n; ++3)
{
cout.width(4); cout << char('a' + j);
}

cout << '\n';

}

// TpaBuna nepemileHHA KOHA 3aAaHO r106abHUMU 3MiHHUMMU
const int dx[] ={ 2, 1, -1, -2, -2, -1, 1, 2 };

const int dy[] ={ 1, 2, 2, 1, -1, -2, -2, -1 };

const int dsize = sizeof dx / sizeof *dx;

bool success; // O3HakKa TOoro, 4u 3HalAeHO pO3B'A30K
> P) b

void TryNextMove(int** board, int n, int step number, int pos x, int pos y)

{

int length = n * n; // KinbkicTb x0AiB He3MiHHa
int continuation_number = 0; // NiYnMnbHUK MOXAIMBUX MNPOLOBXEHb
do

{ // obuyucnwemo HacTynHun Xip KOHSA
int new _x = pos x + dx[continuation_number];
int new y = pos vy + dy[continuation_number];
++continuation_number;
// 1 nepeBipAemMoO, 4YM WOro MOXHa BUKOHATWH
if (0 <= new x & new x < n & & 0 <= new_y && new y < n &&
board[new_x][new_y] == 0)

{
board[new_x][new_y] = step number; //AKWo Tak, To pobumo xipg
if (step _number < length)
{ // 1 WyKaeMo npoAoBXeHHA, AKWO WaxXiBHMUSA lWe He 3anoBHEeHa
TryNextMove(board, n, step number + 1, new_X, new_y);
if (!success) // HeMOX/nMBO nobyayBaTu MPOLOBXEHHS
board[new_x][ new_y] = @; // noBepHeHHA Ha KpPOK Ha3aj
}
else success = true;
}
} while (!success && continuation _number < dsize);
}
void TourByRecursion()
{
int n; // po3mip waxiBHMui
cout << "BBegiTb po3mip waxiBHuui: "; cin >> n;
int** board = BuildBoard(n); // nobynoBa MOpoxHbOI waxiBHuui
int pos_x, pos_y; // NOYaTKOB1 KOOpAMHATWU KOHSA

cout << "BBeaiTb koopAuHaTM X Yy nepuworo nona (1<=x,y<=" << n << "): ";
cin >> pos_y >> pos_X;

board[--pos _x][--pos_y] = 1; // mocTaBWAKW KOHA

success = false; // pO3B'A3KYy lWe He 3Haulwiu
TryNextMove(board, n, 2, pos X, pos_y); // Npoby€eMo 3HANUTKU Typ KOHS
// BUBEHEHHA pe3ynbTaTiB 1 3Bi/ibHeHHA nam'AaTi
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if (success)

{
cout << "\n 3HaNAEHO TYP KOHA\N----=====--mmm oo \n\n";
WriteBoard(board, n);

}

else cout << "\n Po3B'A3ky He 3Hawuwnu\n";

EraseBoard(board);

st n = 8 oTpuMaHO TaKWU po3B’A30K 3a/ja4i PO BiAlIyKaHHSA TYPY KOHS:

BBeniTb po3mip waxiBHuui: 8
BeBeaiTb koopauHaTM X y nepworo nonas (1<=x,y<=8): 1 1

3HailfeHo Typ KOHA
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3ayBa)kHMMO, 1110 CTeMNiHb JiepeBa po3B’A3KiB i€l 3a/1a4i JOCUTH BEJIUKHU — BiH JOpiBHIOE 8.

Tomy 4yac, HeoOXiHUM [Jis1 BifjllyKaHHS pPO3B’SI3KY, 30iJbIIYETHCA 3i 30i/blIEeHHSIM pPO3MipiB
JOIIKU JAyxe WBHUAKO. Hampukiaz, a1 n=8 KiIbKICTb MOXJIMBHUX BapiaHTIB CTAaHOBUTH
2192% 6,277x1057, a iyt n = 10 aBTOpH IUX PSAAKIB 3HAUIIIM PO3B’SI30K IIBU/IIE 32 KOMIT'IOTEp.

XapakKTepHOI 0COGJIUBICTIO 3aNIMCAHOT0 AJITOPUTMY € Te, 1110 BiH pOOUTH KPOKU y HaNpsIMi

BiJILIyKaHHS 3arajlbHOr0 po3B’sA3Ky. Bci KpOKHM 3alMUCy0OTh TakK, {06 MOX<Ha 0yJI0 MOBEPHYTHUCH
Ha3a/, i BIIKMHYTHU Ti 3 HUX, K 3aBOAATH y TJIyXUW KyT. TaKUU NpoLec Ha3UBAKOTb NOBEPHEHHAM
Has3ao (aHraincbKow - backtracking).

3a gomomorow aaroputmy npouenypu TryNextMove BUBOASITb yHIBEpCaJbHY CXeMY

po3B’siI3yBaHHS 33/1a4 3i CKIHUEHHOI0 KiJIbKICTIO MOXJIMBUX PO3B’A3KiB:

void Try();
{ iHiuianisauia_Bubopy_KaHAMAATiB;
do {
BMbip 4eproBoro_kaHauMAaaTa;
if (nipxogutb) {
3anuc_kKaHaupaTa;
if (po3B’sA30K_HenoBHUi) {
Try();
if (HeBgmava) cTepTu_3anuc;
}
}

} while (HeBpava && KkaHaupaTV_lWe €);

AGCTpaKTHI «onepaTopu» Ii€l CXeMH YTOYHIOKOTD /sl KOXKHOI KOHKpeTHOI 3a/ayi.
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11.2. Typ koHsa 6e3 peKypcii

Mu y»ke rOBOpUJIM, L0 CKIALAHICTh aJITOPUTMY 3 IOBEPHEHHSIMHU € €KCIIOTEeHIiiHO10. /lelo
NOJIMIIKMTH CUTYyallilo 3i IBUAKOZAIED Morya 6 BiiMOBa BiJi PeKYPCUBHUX BUKJIHUKIB: ajpKe
3BepTaHHA 0 NiANporpaMu NoTpebye J0AaTKOBUX 3aTPaT HA pO3TallyBaHHS JIOKaJIbHUX 3MiHHUX
I HaJlalUTyBaHHA afpeciB. 3 KO METOK BUKOPHUCTAHO peKypciw y npoueaypi TryNextMove?
3po3yMiJo, 1110 MU 3BeJIM 3a[,a4y «3HaWAU Typ AOBXKUHHU N?» 1,0 ABOX 3a/ja4: «3p00OU XiJ» 1 «3HaAUAU
TYp AOBXHUHU n? - 1», ogHak 1o we? 3aB/sKU YOMY BiIOYBalOTbCS MOBEPHEHHS i BiAKU/IaHHSA
TYNUKOBUX BapiaHTIB?

O4eBUHO, [0 B CETMEHTI CTeKy MporpamMu 36epiraloThcs KoIii JIOKaJbHUX 3MiHHHUX yCiX
BUKJIMKaHUX eK3eMIIsApiB npouenypu TryNextMove. Hanpuknaaj, 3MiHHa step_number «naM’siTae»
HOMep LIYKAaHOTO X0y, 3MiHHI pos_X Ta pos_y - KoopAuHaTH irypwu, continuation_number - Kinb-
KicThb BUNPOOYBaHUX KaHAUAATiB. CaMe 3aBJsKA BUKOpPUCTaHHIO Liiel iHpopmMmanii TryNextMove
3/laTHa BUKOHYBATH MoBepHeHHs. [IpoTe A4 i 36epiraHHs 30BCiM He 060B’I3KOBO BUKOPHCTO-
ByBaTH CUCTEMHHUH cTeK. MU Mor/iM 6 3anpoBaJUTH BJIACHUM CTeK, HAaPUKJAJ, 3a JOINOMOI00
BUKOPUCTAHHSI MAaCHUBY BiITOBiAHOr0O TUMY Ta po3Mipy i 36epiraTv y HbOMY BCi HEOOXiAHI AaHi.

Homep mykaHoro xoJly Ta 03Haka ycCIlixy € 3araJlbHUMHU JJaHUMH, IX MOXKHa 36epiraTu B
3MiHHUX NPOTpaMHy, a [0 CTeKY Tpeba OyJe 3aHeCTU KOOPJAUHATHU BUKOHAHOTO X0y i KiJIbKICTb
KaH/AU/AaTiB, BUIPOOYBaHUX Ha I1bOMY x0/i. OTe, MU MOIJIM 6 BUKOPUCTATH TaKi Or0JIOLIEeHHS:

struct State

{
int x, y, k;
State(int x =0, int v =0, int k = 0) :x(_x), y(v), k( k) {}
}s
int length = n * n;
State* moves = new State[length];

Tyt length - sik i paHille, JOBXHHA Typy, MacuB moves 6yJie BAKOPUCTAHO SIK CTEK JJs
36epiranHsa iHpopMmalii 111040 BAKOHAHUX XO/iB.

3 MeTol0 MO6GY/I0BH PO3B’sI3KYy BUKOPUCTAEMO TakKi cami migxoau, sik i B momnepexaHiu
nporpami, ToMmy 6e3 3aliBUX NOSICHEHb IPOCTO HaBeJeMO il TEKCT:

bool KnightTour(int** board, int n, int pos x, int pos y)

{
int length = n * n - 1; // KinbkicTb xoaiB
State* moves = new State[length + 1]; // BHyTpiwHii cTek
int step _number = 0; // XopiB we He pobunu
board[--pos_x][--pos_y] = 1; // no4yaTkoBe pO3TalWyBaHHA KOHA
State curr(pos x, pos vy, 0);
moves[step _number] = curr; // 1 cTaH powkwu
do
{ bool success = false; // ycniwHicTb 4Yeprosoro xogy
int new_Xx, new_y; // KOOpAMHATM 4eproBOro xoay
while (curr.k < 8 && !success)
{ // WYyKAaeEMO MOX/MBE MpPOAOBXEHHA

new x = curr.x + dx[curr.k];

new_y = curr.y + dy[curr.k];

success = @ <= new_X & new X < n && 0 <= new_ y & & new y < n
8&& board[new x][new_y] == 0;

++curr.k;

}

if (success)
{ // 3Hanwnum npoaoBXeHHA
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moves[++step number] = curr; // 3anam'aToBYyeMO Xipf
board[new_x][new_y] = step number + 1;
curr = State(new_x, new_y, 90); // HOBWI CTaH AOWKWU

}

else // noBepTaeMocs Ha xip Ha3apg

{
board[curr.x][curr.y] = 0; // 3BinbHWAW KALiTUHKY
curr = moves[step_number--]; // ToBepHYynM CTaH

}

} while (step number < length && step number >= 0);
delete[] moves;

return step_number == length;
}
void SolveTour()
{
int n; // po3mip waxiBHuui
cout << "BBefiTb po3mip waxiBHuui: "; cin >> n;
int** board = BuildBoard(n); // nobynoBa MOPOXHbOI wWaxiBHMUi
int pos_x, pos_ y; // NOYaTKOB1i KOOpAMHATU KOHSA
cout << "BBepiTb KoopAuMHaTM X y nepworo noad (1<=x,y<=" << n << "): ";
cin >> pos_y >> pos_X;
bool success = KnightTour(board, n, pos X, pos_y); // WyKaemMo Typ KOHSA
// BuWBEAEHHA pe3ynbTaTiB 1 3BiAbHeHHA Nam'ATi
if (success)
{
cout << "\n  3HalAeHO TYp KOHA\N------=--------ommmmmmm e \n\n";
WriteBoard(board, n);
}
else cout << "\n Po3B'A3Ky He 3Hahwnau\n";
EraseBoard(board);
}

[Iporpama SolveTour 3HaxoAWTb TaKi K PO3B’A3KH, K NOIepesHs, OCKIJIbKU Nepebupae
MOXJIUBI X04U y TakoMy camoMy mnopsaky. @yukiis KnightTour moTpebye MeHIIOI KiJIbKOCTi
apTyMeHTIB i 06X0AUThCS 6€3 r106a/1bHOI 3MiHHOI success.

Y uiii nporpami JiJis1 KOHTPOJIIO 32 TUM, YU B3Ke OTPUMaHO pPO3B’A30K, BUKOPHUCTAHO 3MiHHY
step_number — BOHa MiCTUTb MOTOYHY [IOBXKUHY Typy. fIKII0 B YMOBi UKy 3aJUIIUTH TiJIbKU
yMOBY step_number >= 0, a B IMKJIi APYKyBaTU MaTpUL0 board KOXKHOTO pa3y, KoOJIU step_num-
ber = length, To nporpama HaZipyKye€ BCi TypH KOHS, 1[0 TOYMHAKTHCA Ha KJIITLI 3 KOOpJUHATAMH
(pos_x, pos_y). Hanpuknag, a5 3ajadi 3 po3aMipoM Jouky n=5 i crapToBow kiiTkow (1, 1) ycix
TypiB € 304 (6e3 ypaxyBaHHs iXHbOI cuMeTpii).

11.3. 3a0ay4a npo sicim ¢hep3is

HaBezneMo 11e oMH NpUKIIaj No6y0BU aITOPUTMY 3 TOBEpHEHHSIMHU. | 3HOBY 3a/1a4a 6ye
NoB’si3aHa 3 maxiBHUIeW. Hexall y yuTavya He CKJIaJleThCsl XMOHe BpaKeHHs, 1[0 aJITOPUTMHU 3
NOBEpPHEHHSIMU 3aCTOCOBHI TiJIbKU [0 11aX0BUX Qiryp - Hi, TaKUM cnocob60M MOXXHa OyAyBaTH
[aMisbTOHIB 11MKJ, po3dap6oByBaTU KapTy, po3B’si3yBaTH CYJOKYy Ta Ille 6araTo iHIIMX 3ajay.
Hamra MeTa - mpo/ieMOHCTPYBaTH, 1110 BUBeJieHa 3arajibHa cxeMa Mo6y/10BH PO3B’SI3KY €.

3adaua 48. Poamauwysamu Ha nopoixcHill waxieHuyi gicim pepsie mak, ujo6 Hi 00UH 3 HUX He
nepe6ysas nio 60eM iHW020.
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Halinepiiie noTpi6HO BUGPATH CIIOCi6 306parkeHHs po3TallyBaHHs ¢iryp Ha gouini. Bizomo,
110 KJITUHKHM IIaxiBHUII MO3HAYalOTh napoto bykealludpa. Myu MoT/IM 6 OTOJIOCUTH BiAMOBIAHUN
Tun Cell i 306pa3uTH po3TallyBaHHS ¢pep3iB MAaCMBOM eJIEMEHTIB 11bOT0 TUITY.

struct Cell
{

char x; int y;

Cell(char a = 'a', int b = 1) :x(a), y(b) {}
}s
Cell queens[8];

[llykaHMMM € M0JiSl X Ta y eJleMeHTiB MacuBy queens. [IpoTe Myu MorJiu 6 Bipasy CIpOCTUTH
NOUIYK PO3B’sA3Ky, a/pke BcCi ¢ep3i MycATh CTOATH B Pi3HUX BepTHKaAJIAX IIaxiBHUIL, 1106 He
3arpoyBaTu oAuH ogHOMY. ToMy MoxHa Bifipa3y noksactu queens[0].x ='a"; queens[1].x="b"; ...
queens[7].x ='h"; i mlyKkaTH TiIbKX HOMepU ropusoHTasnel. Lli HoMmepu 3HaxXo4UTUMEMO NTOCTYTIOBO
BiJl epIIOro 0 OCTaHHbOro. /l1s nepuoro ¢pepss MoxkHa BUOpATH A0BiIbHY ropru3oHTab. [Il06
NOCTAaBUTH JIpyroro, Tpeba nepeBipUTH, UM He 3arpoKye BiH nepiiomy. ll[o6 nocTaBUTHU TPETHOTO
— YM He 3arpoXKy€ BiH NeplioMy i Jpyromy, o6 nocTaBUTHU K-IO — UM He 3arpoKye BiH yciMm
nonepe/HiM. Taky nepeBipKy MO>XHa onvcaTH QyHKLI€LO.

// NepeBipAae, 4m 3arpoxye k-Ba KoponeBa nornepegHim
bool safe(cell* queens, int k)

{
for (int i =k - 1; i >= 0; --1i) // nam'sTaemo, wWo BepTukani pisHi, ToOMy
if (queens[i].y == queens[k].y || // nopisHwemo ropusoHTani Ta
queens[i].x - queens[i].y == queens[k].x - queens[k].y || // aiarownani
queens[i].x + queens[i].y == queens[k].x + queens[k].y) return false;
return true;
}

Tenep MoxxeMO KOHKPETHU3YBaTU «y3arajbHeHi OlepaTOpU» CXEMU aJITOPUTMY 3 MOBep-
HeHHAMM. [Hiyianizayis subopy kaHoudama o3Ha4ya€ NPUCBOITU 3HaYyeHHs 0 moJito y 4eproBoro
dep3sa Tak, Hi6U BiH CTOITh y CBOiM BepTHUKaJi mepej JoLIKOW. Bubip uepeogozo kaHdudama
O3Hayae 36iJbllIeHHs ¥ — IpocyBaHHA dep3s Ha OJHY TOPU30HTaJb Joropu. KaHoudamu we € -
dep3b He AOCATHYB OCTaHHbOI ropudoHTasi (y < 8). Yu nidxodums, nepesipsie ¢yHkKIia Safe.
Po3e’s130k HenosHull, K10 po3TallyBaJd Illle He BCiXx ¢epsiB. AKIo MacuB queens nepejaTu
peKypcuBHIN QyHKLil MoO6yf0BU pO3B’A3Ky, TO 3anucamu kaHdudama i cmepmu kaHoudama
Bil0yBaTUMeTbCS aBTOMAaTHUYHO. 3ayBa>KMMO TaKO02XK, 1110 MM MOXKEMO He 06MeXyBaTHUCs pO3MipoM
maxiBHULi 8x8, a 3anucatu QyHKILit0 [Ji51 OBIIBHOTO HATYPaJIbHOTO 1.

// wykae 6e3neyvyHe po3TawyBaHHA n ¢ep3iB
bool TryPutQueen(Cell* queens, int n, int k)

{
// k-Ba ¢irypa Bippa3y cTae y CBOW BepTuUKasb
queens[k].x = "a' + k;
queens[k].y = 0; // ropusoHTanb nipgbupatumemo (€ n cnpob)
bool success = false;
do
{ ++queens[k].y; // 4YeproBa ropusoHTaNb

if (Safe(queens, k))
{ // po3TawyBaHHA k-1 ¢irypu - 6e3neyHe
if (k + 1 == n) success = true; // 3Haiwnm po3B'A30K
else // WYKAaeEMO NpoLOBXEHHS
success = TryPutQueen(queens, n, k + 1);
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}

} while (!success && queens[k].y < n);
return success;

[IpaBusbHO BUKAMKaTU TryPutQueen nonoMosKe Taka npouezaypa:

void PutQueens()

{

}

int n;

// po3mip waxiBHuui

cout << "BBegiTb po3mip waxiBHuui: "; cin >> n;

Cell * queens = new Cell[n]; // WyKaHui po3'A30K
bool success = TryPutQueen(queens, n, 90);

// BUBELEHHA pe3ynbTaTiB i 3BinbHeHHA Nam'AaTi

if (success)

{

}

int**board = BuildBoard(n); // MaTpuus JornoMoxe 306pa3uTu wWwaxiBHUUK
cout << "\n 3HaWheHo po3TawyBaHHA"

€< "\Nemmmmmmmm e e - - \n\n ";
for (int i = @; 1 < n; ++i)

{

cout << << queens[i]; // BPYKYEMO 3HaijeHe po3TalWyBaHHS
// 1 "po3cTaBnsemo" ¢irypu Ha waxiBHuuUi:
// NOPOXHA KNiTUHKA MiCcTUTb O, KAiTuMHKa 3 ¢ep3em - 13
board[queens[i].x - 'a'][queens[i].y - 1] = 13;
}
cout << "\n\n";
WriteBoard(board, n); // BpyK waxiBHuui
EraseBoard(board);

else cout << "\n Po3B'A3ky He 3Hawnwan\n";
delete[] queens;

3’sacyBaJsiocs, 110 3a/ia4a po3TallyBaHHS n ¢pep3iB Ma€ po3B’A30K AJis YCiX HATypabHUX N,
KpiM 2 i 3. Ocb 0/iIMH 3 OTPUMAHUX PO3B’A3KiB. [lOpOXHIO KJIITUHKY IIaXiBHHUII TO3HAYEHO HYJIEM,
a po3TallyBaHHA ¢ep3s — uucaoM 13 (BOHO BifjaseHo Haralye KOpoHy).

BeeaiTb po3mip waxiBHuui: 8

R NWRUTO N 0

3HangeHo po3TawyBaHHA

al

WOOOOOOOOo

b5 ¢8 d6 e3 f7 g2 h4
06 13 © © © o o
6 o © 0 13 o o
6 0 13 o © o o
13 o © © © o o
6 o ©o© © o o 13
6 0 o 13 © o o
6 0 © 0 o 13 o
6 0 © 0 o o o
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11.4. 3anumaHHA ma 3a80aHHA 041 camornepesipKu

1. Jlnisg po3B’si3yBaHHS 3ajJlady sIKOi KaTeropii 3acTOCOBYHOTH aJiTOPUTMH 3 MOBEPHEHHAM
Ha3az? HaBeniTh npuKIa U TaKUX 3aa4.

2. fxui 3 onvcaHUX paHillle MeTOAIB PO3PO6OKHU aJITOPUTMIB BUKOPUCTAHO MiJ| 4ac po3B’s3y-
BaHHA 3a/ja4i npo Typ KoHsA?

AxuM € cteninb AepeBa po3B’sA3KiB 3a/ja4i npo Typ koHs? Big yoro 3asexuThb LSl BeJTUYUHA?

4. CoopmysoiiTe yHiBepca/lbHy CxXeMy pO3B’si3yBaHHS 3aZay 3i CKiHYeHHOIO KiJbKiCTIO
MOXJINBUX PO3B’SI3KiB aJITOPUTMOM 3 IOBEPHEHHSMH.

5. Pekypcisi - npupoiHUI crloci6 onucy airOpUTMY 3 IOBEPHEHHSAMMU. SIK BJlasiocsi HanMcaTu
nporpamy no6yZ0B1 Typy KOHsl 6€3 BUKOPHUCTAHHS peKypcii?

6. fAx noTpi6bHO 3MiHUTU Mporpamy nNoby0BY TYpPy KOHS, 11106 OTPUMATH HE TiIbKU MEPLIUH,
a ¥ yci po3B’sa3ku 337ja4i? 3po6iTh 11i 3MiHH.

7. AnropuTMm BifliykaHHs pO3B’sI3Ky 3ajadi npo BiciM ¢ep3iB MoxkHa 3poOUTU ePEeKTHUBHI-
UM, SIKI0 BUKOPUCTATH JJ11 IO3HAYeHHs PO3TallyBaHHA 11aXx0Boi Gpirypu 4oTUpHU Koop-
OUHATHU: ABi He3aJieXXHi, HOMepu BepTHUKaJi Ta FOPU30OHTAJI, Ta [Bl 3aJeXHi — HOMepU
JliaroHasieil. Po3B’a3koM Oyje Takui Habip po3TallyBaHb, y SIKOMY HeMa€ MOBTOPEHb
BiiNOBiAHMX KoOpAWHAT. [I06yAyHiTe TaKUM aITOPUTM.

3aBaHTaXXTe NPOrpaMy 3a HaBeJleHUM NOCUJIaHHAM, 3allyCTIiTh X HA BUKOHAHHS.
9. 3anpomnoHy#Te Ta BUNPOOYUTE BJIACHI 3MiHU Ta JJOMOBHEHHS /10 IPOrpaM.

10. Hanuwite nporpamy, 1o po3B’si3ye 3ajady po3¢dpapO0OBYyBaHHS KapTH 3a /JOMOMOIOI0
aJITOPUTMY 3 TOBEPHEHHSIMHU: 00YUCIITh HAUMEH1Y KiJbKiCcTb pap6, JOCTATHIO AJS1 TOTO,
1106 MoXkHa 6yJ10 po3dap6yBaTH reorpadidyHy KapTy Tak, 1106 HisfAKki ABi cyMiXkHi AepkaBu
He 6y.i1 3adap6boBaHi B oAuH KoJip. KapTy 3azai0Thb rpadoM abo KOOpJAUHATAMM BY3JIiB
JJAMaHUX, SIKi MOJIeJIIOI0Th KOPJAOHU Jlep>kaB. bakaHO HaAPyKyBaTHU TAKOX 3HaWJeHUU
croci6 po3dap60ByBaHHS.



