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Pedepar

Ortuer 88 crpanul, 4 pucyHka, 2 Tadauia, 4 UCTOUYHUKA.

JIABUPUHT, BOT, T'PA®, TEOPUA 'PAD®OB, AJITOPUTM JIN

Llenp wuccnmempoBaHusi — pa3paboOTKa HMHTEPAKTHBHOW IMPOTPAMMEI,
pEAM3YIOIIEN COPEBHOBATEIBHBIN PEXKUM MEXKIY IMOJb30BATEIEM H
MUCKYCCTBEHHBIM  HWHTEIUICKTOM B YCJIOBUSIX  ABTOMAaTHYECKH
reHepUpyeMoro JaOUpPHUHTA.

B pabote paccmotpen anroput™m pekypcuBHoro backtracking mms
reHepaliy WCAbHBIX JIAOMPUHTOB, a TakKKe BOJHOBOW alTOPUTM
(amroput™ JIn) Ui HAXOXKACHHUS KpaTYAaWIIEro MyTH HCKYCCTBEHHBIM
MHTEJUICKTOM. Y CTAHOBJICHO, YTO JIaHHBIC aJTOPUTMBbI 00ECIICYMBAIOT
BBICOKYIO 3Q(EKTUBHOCTH MPHU PEHICHUU 3aJ]]a4 TCHEePAIUH MPOXOIUMBIX
7aOMPUHTOB M ONTUMHU3AIMK MapUIpyTOB B HMX. Peanm3oBaHa cuctema
COXpAaHEHUS W 3arpy3KH UTPOBOTO COCTOSIHUSA ¢ ucmoyib3oBanuemM JSON-
cepualu3ali, a TakkKe MHTYUTUBHO TIOHSATHBIA TrpaduyecKuii

uaTepdeiic Ha ocaoBe Windows Forms.



BBepgeHue

JIabupUHT — DOTO CIOXHas CTPYKTypa, COCTOsIas U3
3alyTaHHBIX MyTeH U TYMUKOB, KOTOpPas UCTOPUYECKHU UCIIOIB30BaIach B
MUQOJIOTUHU, aAPXUTEKType U pa3BlIeyYeHUsAX. B COBpeMEHHOM MUpe
JTAOUPUHTHI HAIUIM IIUPOKOE TMPUMEHEHHE B KOMIIBIOTEPHBIX UIpaXx,
UCKYCCTBEHHOM HMHTEJUICKTE, TICUXOJOTHYECKUX HCCIICAOBAHUSAX H
anroputMuyeckux  3agadax.  OcoOblii  HMHTEpEeC  MPEJCTaBIISIOT
WHTEPaKTUBHBIE JTJAOUPUHTHI, KOTOPBIE COUETAIOT DJIEMEHTHI TeMIN3aiiHa,
AJTOPUTMUYECKOTO MBITIUICHUS u YEJIOBEKO-MaITMHHOTO
B3aUMOJICHCTBHUSI.

JIaGUpUHTBI ~ MOXXHO  KJAcCU(PUIMPOBATH MO  PA3TUYHBIM
KPUTEPUSIM:

Ilnockue (IBymMepHbIe) Ja0MPHHTBI: KJIACCUUECKUE CTPYKTYPHI
C OJIHUM YPOBHEM CIIOKHOCTH;

MHoroypoBHeBbI€¢ JIJAOMPHUHTHI: BKIOYAIOT HECKOJIBKO ATayKeu
WM TUTAHOB C TIEPEXOJaMU MEXKITY HUMHU;

/AuHaMu4veckue JIAOMPUHTBI: CTEHBI M NPOXOAbBl MOTYT
U3MEHSTHCS BO BPEMS POXOK/ICHHUS;

CopeBHOBaTeJIbHbBIE JIAOMPHUHTHI: MIPEAIIOIAraloT
OIHOBPEMEHHOE Yy4YaCTHE€ HECKOJbKUX YYaCTHUKOB (IO WU
aJIrOpUTMOB).

Jlist pemieHus 3a7a4 HaBUTAMM B JTaOUpPUHTAX pa3paOOTaHbI
pa3IUYHbIE aITOPUTMBI:

"IIpaBwiio oxHOM pyKH': MpOCTEUIINIA METOM, TAPAHTUPYIOIIHIA
BBIXO/I B CBSI3HBIX JTAOUPUHTAX;

Mouck B rayouny (DFS): uccneayer BETBU 10 TYIHKOB, 3aT€M

BO3BpaIacTCA,



IMouck B mmmpuny (BFS): paBHOMEpHO wHcciemyeT Bce
HaANpaBICHUS HAa Ka)KOM IIare;

BounoBoii anroputm (agropurm JIn): HaXOAuT KpaTdaulilni
IIyTh, UCIIOJIB3Ysl PACIIPOCTPAHEHNE "BOIHBI";

A (A-star): sBpUCTUYECKHIA aJIrOPUTM, OIITUMAJIBHBIN JUIs TOMCKA
MyTH B CIOXHBIX CTPYKTYpPaX;

I'eHeTHYeckue aJrOPUTMBbI: HCIIOJIB3YIOT MPUHIIUITHI 3BOTIOIUU
JUTS HAaXO0XKJICHUSI ONITUMAJIbHBIX MapIIPYTOB.

B kadectBe cpensl pa3paboTku Obuia BeiOpana Microsoft Visual
Studio Community 2022, s3bik nporpammupoBanus — C#, mmatgopma
— NET 8.0, rpaduueckass oubnmoreka — Windows Forms. Jlanusbrit
BbIOOp OOYCIIOBJIEH MOIIHBIMA BO3MOXKHOCTSIMU Cpefbl pa3paboTKH,
mUpoKkuMu  rpadpudeckumu  Bo3MokHocTssmu  Windows Forms wu
coBpemeHHol Bepcueil miatgopmbl .NET, obecnieunBaromieil BBICOKYIO

IMPOU3BOAUTCIbHOCTD U KpOCC-HJI&T(bOpM@HHYI—O COBMCCTHUMOCTbD.



1 IlocTaHoBKAa 3a1a4n

Pa3pabarbiBacmas nporpamma IIPEJICTaBIISIET coboii
MHTEPAKTUBHYIO HUIPYy-COPEBHOBAHME, B KOTOPOW MOJB30BATENb MU
HCKYCCTBEHHBI MHTEJUIEKT OJHOBPEMEHHO MPOXOASAT HIECHTUUYHbBIE
nabupuntel. [Iporpamma gomkHa oOecrneuynBaTh F€HEPALMIO CIyYalHbIX
JaOMPUHTOB, TPEIOCTABIATh CPEJICTBA [UJIl PYYHOIO  YIPABICHUS
IEPCOHAKEM  MIPOKA,  aBTOMATHYECKOro  IepeMeuieHus  0ora,

OTCJIC)KUBAHUA BPCMCHHU TIPOXOKIACHUSA U OTIPCACIICHUSA HO6CI[I/ITCJISI.

1.1 T'enepauusi JaOUpPUHTA

JIaOUpUHT NOKEH MPEACTABISATH COOOM TBYMEPHYIO CETKY sueeK
pasmepom NXN, rme N BeiOupaercs monb3oBateneM (5, 10 wumm 15
KJIETOK).

Kaxnas siuelika XxapakTepHu3yeTcs HAIMYUEM UM OTCYTCTBUEM CTEH
Ha YeThIpEeX IpaHullax (BEpXHEH, HUKHEH, JIEBOM, MPABOH).

Jlnst reHepanmu JaOMpPUHTA JIOJDKEH MCIOJIB30BAThCS AJNTOPUTM
pekypcuBHoro backtracking (BapumaHT anropurMa pacTyIIEro Jepesa).
Anroput™m HaumHaeT pabory ¢ HadanbHOU stueiiku (0,0) m peKypCHUBHO
"mpopbiBaeT" CTEHbl B CJIy4YalHOM HAaNpaBICHUU K HEMOCEIICHHOU
COoCelIHEN suelike. Ecim y TeKyIen s4ekn OTCYTCTBYIOT HENIOCEUICHHBIE
cocenu, mpoucxoaut Bo3Bpat (backtrack) x mpensimymieit sueiike 10 Tex
op, MOKa He OYJIyT MOCEIIEHBI BCE TYEUKHU CETKH.

JIabupUHT JOJKEH MMETh YETKO OIPEJCICHHBIC CTAPTOBYIO TOUKY

(JIeBBII BEpXHHIA YTOJT) U GUHHUIIHYIO TOUYKY (TIPaBbId HUKHHM YTOJI).



1.2 IlpoxoxkaeHue 1a0MPUHTA

[Iporpamma nomkHa obOecrneuyMBaTh JBa MapalieIbHBIX PEKHUMA
MIPOXOKIACHUS

Py4Hoe ympaBjieHHEe: II0Jb30BaTElb YIPABIAECT IEPCOHAKEM C
nomompto knaBumr WASD. JIBrkeHHE JOHKHO OCYIIECTBISATHCA C
MIPOBEPKON CTOJIKHOBEHUM CO CTEHAMHU JaOMPUHTA.

ABTOMaTHYeCKOe NPOXOKAeHHe: OOT UCIHOJb3YeT BOJHOBOM
anroput™ (anroputm JIn) juist HaX0XKACHHUs KpaT4allero myTy oT cTapTa
10 ¢unauma. boT NoKeH nmepememarbcs Mo HallJICHHOMY MaplipyTy.
[IporpamMmma J0JIKHA OTCIEKUBATH BPEMS MPOXOKIACHUSA I KaXKIOTO

Y4aCTHHUKA C TOYHOCTBIO 10 MUJIJIMCCKYH/I.

1.3 CopeBHOBaTeJbHBIH PeKUM

Urpa nomkHa HauyMHATHCS OJHOBPEMEHHO ISl UIpoKa M 0oTa mpu
3aIyCcKe ypOBHS.

[To noctwkeHuu (UHUIIA KaKIbIM YYaCTHUKOM (PUKCHUpPYETCs €ro
BpeEMs.

[Tocne 3aBepiieHus: UTPbl 0OOMMHU YYaCTHUKAMU MTPOrpaMMa JOJIKHA:

Onpenenutes mnobenutens (y4acTHHKa C MEHBIIMM BpEMEHEM
MIPOXOKICHUS )

OT00pa3uth JAeTajgbHBIE pE3yJNbTaThl C BPEMEHEM  KaXKIOro
y4acTHHKA

[IpenocTtaBUTh BO3MOKHOCTb HayaTb HOBYIO WI'PY WJIM BEPHYTHCS B

MCHIO



1.4 CoxpaHeHnue u 3arpys3ka

[Iporpamma [0KHA MPEIOCTaBISATH BO3MOXHOCTH COXPaHEHUS

TEKYIIETro COCTOSIHUS UTPbI B (haids, BKIIIOYas:

Crpykrypy JlabupuHTa (PacroyioKEHUE CTECH)
[lo3uuuu urpoka u 0ota

Texymiee BpeMst UTPHI

CraTyc 3aBepIIeHUs U KQKI0TO Y9aCTHUKA

JlomkHa OBITH peain30BaHa BO3MOXHOCTh 3arpy3KHU COXpaHEHHOU

HUI'PbI C ITOJITHBIM BOCCTAHOBJICHUCM COCTOAHMUA.

1.5 Ilonb3oBaTeIbCKMIT HHTEP(eTic
WuTepdeiic 1omKeH BKIIOYATH:
['maBHOE MEHIO ¢ BEIOOPOM CII0KHOCTH (pa3mepa JabupuHTA)

HrpoBoe nosie ¢ 0JHOBPEMEHHBIM OTOOpa’KEHUEM JABYX JTAOMPHUHTOB

(nns urpoka u 60Ta)

Talimep, oTOOpakaroMUi TEKYIIee BPEMs UTPBI
Knonku ynpaBieHus (BbIX0J, COXpaHEHHE, 3arpy3Ka)
dopmy oTOOpaKEeHUsI PEe3YJIHTATOB C OMPEICTICHUEM TT0OETUTEIIS

YHpaBHGHI/Ie JOJDKHO OCYHICCTBIIATBCA KaK C IIOMOIIBIO MBIIIN

(KHOIIKM, MEHIO), TaK U KJIABUATYpPHI (YIIPABICHUE IEPCOHAKEM ).

1.6 Texunueckue TpeGOBaAHUA

[Iporpamma gomkHa OBITH peanu3oBaHa Ha s3bike C# ¢

ucnosibzoBanuem tardopmer .NET 8.0.

I'paduuecknit  wHTEepdeiic  momwkeH  ObITh  pa3paboTaH  C

ncnosb3zoBanuem Windows Forms.
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Kon nomkeH ObITh CTPYKTYpUpPOBaH C NPUMEHEHHEM OOBEKTHO-
OPUEHTUPOBAHHOIO IOAXO0JA, O00ECHeYMBAIOIIEr0 MOAYIBHOCTb U
pacinpsieMoCTb.

ANropUTMBI JOJKHBI OBITH 3()(PEKTUBHBI 1151 TAOUPUHTOB pa3MEPOM

1m0 15%15 gueek.

1.7 Kputepun oueHKH padoTbl NPOrpaMMbl

KoppektHOocTh reHepanuu Ta0MPUHTOB (oTcyTcTBUE
M30JIMPOBAHHBIX 00JIacTel, CYIIECTBOBAHUE IyTH OT CTapTa K GUHUITY).

ToyHocTh paboOTHl anropuTMa MoUcka NyTH Oo0Ta (HAXOXKIECHHE
KpaT4aillero MapuipyTa).

KoppexkTHocTh 00pab0OTKM CTOJIKHOBEHHI UTPOKA CO CTEHAMH.

To4HOCTh U3MEpPEHHUS U CPABHEHUSI BDEMEHH MPOXOKICHHUS.

Hane:xHOoCTh coXpaHEHHUs U 3arpy3KH UTPOBOIO COCTOSIHUSL.

YI[O6CTBO U UHTYUTUBHOCTD I10JIB30BATCIBCKOTI'O I/IHTCp(l)eﬁca.
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2. Teopernueckasi 4acThb 3aJaHUA

Anroputm pekypcuBHoro backtracking (Bo3Bpara)

AJTOPUTM PEKYPCUBHOI'O BO3BpaTa SIBISECTCS OJHUM W3 Haubosee
3G ()EeKTUBHBIX METOJIOB T€HEPALIMU UJI€aTbHBIX TA0OUPUHTOB. M neanbHbIl
JTAOUPUHT OMpeNeNsaeTcsl Kak JaOUPUHT, B KOTOPOM CYIIECTBYET POBHO
ONIMH YHUKAJIBbHBIM TYyTh MEXAYy JOOBIMH JBYMs TOUYKaMH, YTO
UCKITIOYAET HAJIMYKME U30JIMPOBAHHBIX 00aCTEN U IIUKIIOB.

[TpuHuun paGoTkl anropuT™a:

Nunnmanuzanus: Bece  sdeiikn  mabupuHTa  MOMEUAKOTCS  Kak
HerocelieHHble. BpiOupaeTcss HavanbHas s4elika (OOBIYHO JIEBBIU
BEPXHUU yToJj1), KOTOpasi ToMeYaeTCsl Kak MOCEIICHHAs U J00aBiIseTcs B
CTEK TEKYILETo MyTH.

PexkypcuBHoOe uccieroBanme:

N3 Ttexkymed sS4YEHKH NPOBEPAIOTCA BCE HEMOCEUIEHHBIE COCEOU
(BBEpX, BHU3, BJIEBO, BIIPABO).

Ecam cymiecTBylOT HEMOCEIICHHBIE COCEIU, CIy4ailHbIM 00pa3oM
BBIOMpAETCS OIMH U3 HUX.

VYnansercs cteHa MEXIy TeKYIIeH STYeHKON U BRIOPAaHHBIM COCEIOM.

BreiOpannbIii cocell MOMeEUaeTcsi KakK IMOCEIICHHBINH, CTaHOBUTCS
TEKYIIEH SYCHKON 1 100aBIISICTCS B CTEK.

[Iponiecc moBTOpsIETCS 711 HOBOM TEKYILEH STYEHKHU.

BosBpar (backtracking):

Ecnu y Tekyiien sYeKn HeT HEMOCEIEHHBIX COCEAEH, BBIOIHSAETCS
BO3Bpar:

N3 cTeka m3Biekaercs Mpeapayas sueuka.

OHa CTaHOBHUTCS TEKYLIEH STYEHKOM.

12



[Ipouecc mpomomxaercs C MOUCKAa HEMOCELIEHHBIX COCEAeH s
HOBOU TEKYILEU STYCHKHU.

3aBepuuenue:

AJNTOpUTM 3aBepllaeTcsi, KOrja CTeK CTaHOBUTCS ITYCTHIM, YTO
O3HAYAET, YTO BCE SUCUKH JJAOMPHUHTA ObUIH MOCEIICHBI.

IIpenmyiecTsa anropurma:

["apanTpoBaHHO CO3/1a€T UACAIbHbBIN JTAOUPHUHT.

OTHOCHUTENBHO TIPOCTasi peain3alusl.

Coznaer naOUPUHTHI C JUIMHHBIMH WU3BUJIUCTBIMUA KOPUAOPAMH, YTO
YBEJIUYUBAET CIIOKHOCTD MPOXOKICHUS.

Bpewmst BbITIOJIHEHUST TPOTIOPIIMOHATIBHO KoJInuecTBY stueek (O(n)).

OcobenHoctu  peanuzauud B mporpamme: B paspabortanHoi
nporpaMMe HCIOIb3yeTCs MOAUGUIIMPOBAHHAS BEPCUS aJITrOpPUTMA,
coyerarommas meronsl "Kill" w "Hunt". Merton "Kill' orBeuaer 3a
peKypcuBHOE wuccienoBanue, a Meron "Hunt" obOecreumBaeT mOHCK
HEMOCEIIEHHBIX SYE€eK IMPU JOCTIKEHHH TYNHKa, YTO TapaHTUPYET

IIOJIHBIM 00XOJ BCEX AYEEK CETKU.

13



3. Onucanue OCHOBHBIX KJIACCOB IPorpaMMabl

3.1. Knaccewpl 14151 npeicTaB/IeHUsl JJAOUPHHTA

Kuaace Cell (ITpocTpancTBo umen: Al_maze)
Ha3znauenue: [IpeacraBiseT OTAeNbHYIO sSuYelKy JaOMpUHTA Kak

0a30BYI0 CTPYKTYPHYIO €IUHHUILY.

OcHoBHBIE CBONCTBA:

int X, intY - xoopAWHATHI TYCHKU B CETKE JTAOMPHUHTA

bool isVisit- ¢nar mnocemeHus siuediku  (MCMONB3YyeTCS TPU
reHepanuu JadupuHTa)

bool topWall, bool downWall, bool leftWall, bool rightWall -
HaJIMYME CTEH Ha KaXJOW U3 YEThIPEX TPaHUI

Konctpykrop: Cell(int x, int y)- HHUIUATU3UPYET SUYEHKY C
3aJIaHHBIMU KOOPJIMHATAMU U BCEMU CTEHAMHU

Ocobennoctu: Kiacc uHKancyiaupyeT COCTOSIHHE OJHOW KIETKH
TabUpUHTA, OTIPEEIss €€ MPOXOIUMOCTh B Pa3HbIX HAINIPaBICHUSX.

Kunace Maze (IIpoctpanctBo nmen: WinFormsApp1.Class)

Hasnadenue: [IpencraBnser Bech JaOUPUHT KaK COBOKYITHOCTH
SYEEK U PeaTn3yeT aJrOPUTMbI T€HEPAIIMH U OTPUCOBKH.

OcHOBHBIE CBOMCTBA:

int Height, int Width - pa3mepsr nabupunTa

Cell[,] Cells - nBymepHBIif MaccuB sIeeK

Random rnd - reneparop cirydaifHBIX YUCEIT

Pen wallPen - uaCTpYMEHT 111 pUCOBAaHHUS CTEH

OCHOBHBIE METO/IBI:

Konctpykrop Maze(int Height, int Width) - co3maer nmaGupuHT
3aJIaHHOTO pa3Mepa

I'enepanms:

14



Kill(int startX, int startY)- ocHOBHOW MeTOJ TEHEpalHuHd IO
anropurmy "Kill and Hunt"

Hunt() - BcroMorarenbHBIH METOJX JJISi IMOMCKA HEMOCCHICHHBIX
sTIeeK

BcmoMoratenbHbIe METOIBI:

GetUnVisitNeighbors(Cell cell) - BO3BpaIlacT CIIUCOK
HETIOCEIICHHBIX coceei

GetVisitNeightborn(Cell cell) - Bo3Bparaer cnucox MOCEIICHHBIX
cocenen

RemoveWall(Cell current, Cell Check) - ynmamser creny Mmexmay
JIBYMsI STYEUKAMU

OTpucoBKa:

Draw(Graphics graphics, int cellSize, Point offset) - pucyer Bech
JTAOUPUHT

DrawCell(Graphics graphics, Pen pen, Cell cell, int cellSize, Point
offset) - pucyeT oTACIBHYIO STUESHKY

AJroput™ padoTthl: Vcrionbs3zyercss MOIU(DUITMPOBAHHBIN aITOPUTM
pekypcuBHoro  backtracking,  KOTOpwIii  rapaHTHpyeT  CO3JaHHUE
UCATBHOTO JAOMPUHTA C OJHUM YHUKAJIBHBIM IyTEM MEXAY JTHOOBIMU

ABYMS TOYKaAMMU.

3.2. Knaccnl 11 ynpaBJieHUsI IEPCOHAKAMM

Kaacc Player (IlpoctpancTBo umen: WinFormsApp1.Class)
Hasunauenmue: [Ipeacrasnser urpoka, ynpapisieMOro IoJb30BaTEIEM.
OcHoBHBIE CBONCTBA:

PictureBox PictureBox - rpaduueckoe npeacTaBiieHue UTPOKa

bool IsFacingRight - nHanpaBienue B3I 1A (11 OTPasKEHUS CIIpaiiTa)
int Speed - ckopocTh nepemerieHns (B TUKCENSIX 3a II1ar)

OCHOBHBIE METOJIBI:

15



Konctpykrop Player() - co3gaer urpoka u 3arpyxaet TeKCTYphbI

LoadTextures() - 3arpykaeT n300pa)keHHS TEpCOHAXKa W3 IAIKH
Textures

Move(int deltaX, int deltaY) - mnepememiaer urpoka c¢ ydeTom
HarpaBJICHUS

Flip() - oTpakaeT cripaiiT pu CMEHE HANpaBJICHUS JIBHKCHUS

CheckBoundaries(Form form) - mposepsiet rpanuiibl GopMsI

OcoOenHocTu: Peanuszyer aHMManui0 JBH)KEHUS C IOBOPOTOM
cripaiita, 3arpy3Ky TEKCTYp U3 BHEIIHUX (DaiijioB.

Kaacc Bot (IIpocTtpancTBo nmen: WinFormsApp1.Class)

Hasnauenwue: [IpencraBnsier aBTOMATHYECKOTO OIIIOHEHTA,
MCIIOJIB3YIOIIECTO AJITOPUTM MOUCKA MY TH.

OcHoBHBIE CBONCTBA:

PictureBox PictureBox - rpaduueckoe npezacrabienne 60Ta

bool IsMoving - ctaTyc ABHKEeHHUS

int Complexity Bot - c10:HOCTb (CKOPOCTH JBUKECHHS )

Stopwatch stopwatch - cexynmomep ais uaMepeHust BpeMeH!

OCHOBHBIE METO/bI:

Kounctpykrop Bot(Maze maze, int cellSize, Point mazeOffset, int
Complexity _Bot) - uannuaausupyer 60ta

InitializeBot() - nacTpanBaeT rpadudeckoe mpecTaBICHNIE

FindPath() - maxomut myrh oT crapra A0 (UHUIIA C TIOMOIIBIO
BOJIHOBOT'O aJITOPHTMA

StartMoving(), StopMoving() - yrpaBieH#e TBHKCHHEM

MoveAlongPath() - mepememnenue Mo HaiiICHHOMY ITyTH

GetElapsedTimeMs(), GetElapsedTime() - momydueHne BpeMeHH
MPOXOKICHHS

CoObiTHA:

OnBotFinished - Bo3HMKaeT Mpu JOCTIXKEHUN OOTOM (pHHHMIIIA
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Oco0ennoctu: Vcrons3yer TaiMep IS MOLIArOBOTO JABUKEHHUS 110

IIPEABAPUTEIBHO PACCUUTAHHOMY ITyTH.

3.3. Kinacepl aJropurMoB

Kaacc WaveAlgorithm

Ha3navenue: Peanusyer BosiHOBOW anroputm (anroput™m Jlu) ms
MOMCKA KpaT4yaiIiero myTu.

OcHOBHBIE METO/IbI:

FindPath(Maze maze, Point start, Point finish) - ocHoBHO#1 MeTOx
MOMCKA IMyTH

CanMove(Maze maze, Point from, Point t0)- mpoBepka
BO3MOKHOCTHU MEepPEMEIICHUS

ReconstructPath(Point[,] previous, Point finish) - BoccranoBienune
IIyTH 10 MaTPHUIIE PEAIIECTBEHHUKOB

AJIropuT™M padoThI:

Nunnmanu3anus MaTpull pacCTOSTHUN U MPEIIIECTBEHHUKOB

Pacnipoctpanenue "BoiaHbI" OT CTAPTOBOM TOUKU

PexoHcTpyKIus myTH OT (PUHHUINA K CTAPTY

OcoOenHocTu: ['apaHTUPOBAHHO HAXOJAUT KpaTyalWllui MyTh B

nabupuHTE O3 BECOB.
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3.4. Knaccol ynpaBjieHus1 BpeMeHeM U COCTOSIHHEM

Kaacc TimerForGame (IIpocTrpaHcTBO AMeH:
WinFormsAppl.Class)

Ha3znauyenue: YpasiieHUE UTPOBBIM BPEMEHEM.

OcHoBHBIE CBONCTBA:

Label timeLabel - meTka nnst oTOOpaxkeHus: BpeMeHU

System.Windows.Forms.Timer gameTimer - taiimep 0OHOBJICHUS

int elapsedSeconds - npormieaiiee Bpemst B CeKyHIax

OcCHOBHBIE METO/IbI:

Konctpykrop TimerForGame(Size  ClientSize, Form  form) -
MHUIMAIM3AIMS C YUeTOM pazmepa GopMbl

CreateTimer() - co3manue 1 HaCTpoOiika TaiimMepa

StartTimer(), StopTimer() - ynpasienue Taiimepom

GetElapsedSeconds() - mony4enwue mporeamnero BpeMeHu

GameTimerTick(object sender, EventArgs e)- o0paboTumk THKa
Tarmepa

OcobGennoctu: @dopmatupyer Bpems B dopmare '"mMm:cc',

OOHOBIISIETCS KOKIYIO CEKYH/TY.
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3.5. Kuitacenl 17151 COXpaHEHUS UTPbI

Kaacc GameSave (IIpocrpancrtBo umen: WinFormsAppl) -
OCHOBHOM KJIACC COXPAHCHUS:

CellWalls - cepuanuzyemoe mpecTaBieHHE CTEH TYCHKH
SerializablePoint - cepuanuzyemas Touka

3.6. Knaccol ¢popm

Kaace MainMenu (ITpoctpancrBo umen: WinFormsApp1)

Ha3znauyenmue: [ 1aBHOE MEHIO ITPOTPAMMBI.

OCHOBHBIE KOMITOHEHTHI:

"nn

Knonku "Urpats", "Beixoa", "Beibop crnoxxunoctu" (Pucynok 1)

Complexity

Pucynok 1 - ['maBHOE MEHIO

IIaneas BBIOOpa CI0XHOCTHU € TpeMms ypoBHsAMH 5x5, 10x10, 15x15

(Pucynok 2)
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Choice

Pucynok 2 - Beibop crnoxHoCTH

AHMMUPOBAHHBIN MEPCOHAXK B TIaBHOM MeHIO (PucyHok 1)

OcHOBHBIE METOABI:

Konctpykrop MainMenu() - uauninanusamnus MeHIO

InitializePlayer(), InitializeMenuPanel() - mactpoiika 371eMEHTOB

ShowMenu(), HideMenu() -  ympaBiaeHue  maHenabl0  BbIOOpA
CIIO’KHOCTH

StartGame() - 3ammyck Urpsl ¢ BBIOPAHHOM CII0KHOCTBIO
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Kaace GameForm (IIpoctpanctBo umen: WinFormsApp1)
Ha3znauenue: OcHoBHas urposas ¢popma.
OcCHOBHbIE KOMIIOHEHTHbI:

JlBe manenu DoubleBufferedPanel qis nmabupuntoB urpoka u 60Ta

(Pucynok 2)

Pucynok 3 - Urposas ¢opma

Knonku ynpasaenns (Boixon, CoxpanuTts, 3arpy3uth)( PucyHok 2)

OcCHOBHBIE METO/bI:

Koncrpykrop GameForm(int ComplexityMaze) - wuHHImMamu3anms
UTPBI

InitializeMaze(), InitializePlayer(), InitializeBot() - HACTpOKa
UTPOBBIX 0OBEKTOB

GameForm_KeyDown() - o6paboTka yrpaBicHHs KJIaBHATYPOH

WillCollide(), CheckCellCollision() - o6paboTka cTOJKHOBEHMIA

CheckWinCondition() - mpoBepka goctmxeHus GrHHAIIA

SaveGame(), LoadGame() - coxpaneHue u 3arpy3Ka Urpsbl

Kaacc ResultForm (ITpoctpancTBo umen: WinFormsAppl)

Ha3zna4venne: OTo0paxeHue pe3yabTaTOB UTPHI.
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Pesynstatsl urpsl

UTOI' TOHKU

UrPOK ©0:08.000

Wrpok 6eicTpee Ha: 00:07.022

NMOBEAWUTEIb: UTPOK

PucyHok 4 - PesynbTat urpbl
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OcHOBHBIE CBOMCTBA:

TimeSpan PlayerTime, TimeSpan BotTime - Bpemsi y4aCTHHKOB

string Winner, Color WinnerColor - uadopmarus o modeaurene

OcHOBHBIE METO/IbI:

Konctpykrop ResultForm() - nannmanusanus Gopmer

InitializeForm(), SetupControls() - mactpoiika uaTEpdeiica

UpdateResults() - o6HOBNIeHHE TaHHBIX PE3YIbTATOB

CTpyKTypa nporpammasli

[Tporpamma MOCTpOCHA 1o TIPUHIIAITAM 00BEKTHO-
OPUEHTUPOBAHHOTO  IMPOTPAMMHUPOBAHMS C YCTKUM  pasjielieHUEM
OTBETCTBCHHOCTH:

Mopens  manssix (Cell, Maze, GameSave) - TPEeACTaBIAIOT
COCTOSIHUC WUTPBI

Kontposepsr (Player, Bot, WaveAlgorithm) - peanusyior jg0ruky
MOBEICHHUSI

[Ipencrasnenne (MainMenu, GameForm, ResultForm) -
obecrieurBarOT HHTEPPEHC MOTH30BATEIIS

CayxcOHbIC kiaccel (TimerForGame) - IPEI0CTABIISIOT
BCIIOMOTaTeIbHbIE (PYHKITUU

Takas apxurekTypa o0ecreunBaeT:

MacmtabupyemMocTh - JIETKO J00aBIsATh HOBBIC aNTOPUTMBI WM
PEKUMBI UTPHI

TecTupyeMoOCTb - KaXIbld KOMIIOHEHT MOKET TECTUPOBATHCS
OTIIEITHHO

[Tonnmepkky - 4eTKas CTPYyKTypa yIpoIIaeT OTIAIKY U 10paboTKy

[lepencnonb3oBaHme - MHOTHE KOMITOHEHTHI MOTYT HUCIIOJIb30BaThCS

B JIPYTUX INPOEKTAX
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3.7 Ilmorpamma KJ1accoB

——— co3maéT e co3paET —_—
MainMenu | » | GameForm | » | ResultForm
ED S b ey | IS A RO I o AR A A
| | A
| | |
| wcnonszyer | comepxut |
v v |
TS EES T ITE—— | I 1 |
TimerForGame | Urpoebie [ |
——— | 06beKTEl | |
L ] |

| |
f———» player |
f———» Bot [
: > Maze > Cell |
l

L » GameSave

ucnons3syet
| waveAlgorithm|< Bot !
e P —

(cTaTu4eckuid knacc)
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4. TecrupoBanue

Pa3paborannass mnporpamma Oblla MpPOTECTUpOBaHA B  Cpeje
paspadotku Microsoft Visual Studio Community 2022. s
obecrieueHUs] KOPPEKTHOCTH PabOThl OBUIM HCIOJIB30BaHBI PAa3IUYHBIC
METOJIBI TECTHUPOBAHUS, BKIIOUAs MOMYJIHHOE TECTUPOBAHHUE OTIEIBHBIX
KOMITOHCHTOB, WHTETPAIIMOHHOE TECTUPOBAHUE B3aMMOJCHCTBUS MEKIY
KJaccaMH, a TaK)Ke CHUCTEMHOE TECTUPOBAHHME BCETO TPHUIIOKECHHS B
nenoM. B mporecce pa3paboOTKM TPUMEHSITUCH CIEAYIONINE TEXHUKHU
OTJIAJIKHU: TTOIIArOBOE BBITIOJHEHUE KOJIa, YCTAHOBKA KOHTPOJIBHBIX TOUEK,
MOHHWTOPUHI 3HAYCHUW IEPEMEHHBIX W aHaJi3 ITIO0TOKA BBITIOJHEHUS
POTrPaMMBI.

TectupoBaHne TPOBOAMIOCH KaK B Ipolecce pa3padoTkKu (aJis
KaXX70i HOBOM (PYHKIMU), TaK U TOCJIE 3aBEPIICHUS] OCHOBHBIX ITArOB
peanmmzaiuu. Oco0oe BHUMAHHME YJESIOCh MPOBEPKE KOPPEKTHOCTH
paboThl AJITOPUTMOB TEeHEpaluu JaOUpHHTA, MOUCKA MyTH, 00pabOTKU
CTOJKHOBEHMI, CHCTEMbl COXPAHEHHUS/3aTPYy3KH U IOJIb30BATEIHCKOTO
uHTepdeiica.

B Tabmuue 1 mnpencraBineH IiaH TECTHPOBAHUA OCHOBHBIX

(YHKITMOHAIBHBIX BO3MOXKHOCTEH MTPOTrPAMMBI.
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Tabnuua 1

No Ha3zBanu [Ipenycnos Oxunaem
e ue bIN €3yJIbTaT

1 3amyck Her 3anyck
[Tporpammsr MainForm

2 Bri6op [Tonb3oBar Cmena
CJII0KHOCTHU exs B MainForm napamerpa

CJIOHOCTH C
COOOIIIEHUEM

3 Hauasno [Tonp30Bar 3anyck
HOBOM HTPBI enb Ha ResultForm | MainForm

4 VYnpasine HaxxaTtue Cemena
HUE UTPOKOM MOHOM U3 KHOTIOK | MMO3UILIUU

“WASD”

) Onpenen 3aBeplleH ITokas
CHHE UC UIPBI IPOTHB ResultForm
mooeuTens oora

6 Coxpane [Tonb3oBar CoxpaneH
HUY UTPbI enb B GameForm | us JSSON

7 3arpyska [Tonp3oBaT [Tonnas
1700010) 1 enb B GameForm | cmena GameForm

8 O6padoTt [Tonb3oBaT Coobmrone
Ka enb B GameForm | Huk Komm3un
CTonkHOBEHUN

9 I'enepary [Tonb3oBar JlaGupunT
usl TabupuHTa enb B GameForm | crenepupoBan

KOPPEKTHO
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4.1 Co3nanue u 0TOOpaKeHUE JJAOMPUHTA:

Heab Tecta: IlpoBepuTh KOPPEKTHOCTh T'€HEPALMH JAOUPHUHTOB
Pa3HbIX Pa3MEPOB U UX BU3YaAJILHOTO MPEACTABICHHUS.

IIpenycnosus: IIporpaMmma 3anymieHa, OTKPBITO ITIaBHOE MEHIO.

JlelicTBUA:

HaxaTue xnonku "Bbei6op cioxuocTn"

Bri6op ypoBus "Jlerkuit" (5x5)

Haxxatue kHonku "Urpats"

BusyanbHas olieHKa CreHepupOBaHHOTO JAOUPHUHTA

Bo3Bpar B meHrw, mnoBrop maroB 1-3 mug ypoBHei "Cpennwuit"
(10x10) u "Cnoxubi" (15%15)

OxupaeMbie pe3yabTaThl:

JUist  KaXaoro ypoOBHS  CIIOKHOCTM —TE€HEpPUpPYETCS  JTAOUPHUHT
COOTBETCTBYIOIIErO pa3Mepa

JIabupHHT UMeeT YeTKO 0003HaYeHHbIE CTAPTOBYIO (JIEBBIM BEPXHUIL
yron) u GUHUIIHYIO (MTPaBBIM HIDKHUHN yToJ1) TOYKH

Bce crenbl oToOpaxkatorcss 0e3 pa3pblBOB (KpOME IPOXOJIOB,
CO3JaHHBIX AJITOPUTMOM T'€HEPALIN )

JIabupuHT sBIsE€TCS HAEaIbHBIM (MMEET OAMH YHUKAIbHBIA MYyTh
MEX]Ty JTHOOBIMU ABYMS TOUKAMM)

BusyanbsHOoe mpencTaBieHHE OAMHAKOBO Ui 0OOUX JAOMPUHTOB
(urpoka u 60Ta)

dakTnueckune pe3yiabrarbl: TecT npoitaeH ycnemHo. JIaOupuHTHI
BCEX Pa3MEpOB I'EHEPUPYIOTCS KOPPEKTHO, UMEIOT CBA3HYIO CTPYKTYpYy U
COOTBETCTBYIOT OKHJIAEMbIM MapaMeTpaM. AJITOPUTM PEKYPCUBHOIO

backtracking rapantupyer co3manue uaeaaTbHOTO JaOUPUHTA.

27



4.2 YnpasJ/ieHue nepcoHa;keM U 00padoTKa CTOJKHOBEHUM

Heasn tecta: [IpoBeputh KOPPEKTHOCTH 00paboTKu
IIOJI30BATENIBCKOTO BBOJA M B3aMMOJIEMCTBUE NEPCOHAXKA CO CTEHAMH
JTa0upUHTA.

[Ipenycnosus: UrpoBas ¢opma OTKpbITa, YPOBEHb CIIO)KHOCTU -
"Cpenunuii".

HeucTBus:

Haxxatue xnaBumu D niis nBukeHus: BIpaBo

Haxatue xnaBumu S 11 IBH>KCHUSI BHU3

[TonbiTKa ABWMIKEHUSI 4Yepe3 CTeHy (B HampaBiI€HUM, TAE€ CTEHA
3aKpbITA)

JIBUKEHHE MO BCEMY JOCTYITHOMY IIyTH J0 JTOCTUKEHUS TYITHKA

Bo3Bpar no npoiiiecHHOMY TTyTH

Oxupaembie pe3yabTaThbl:

Ilepconax mnepeMemaeTcss IUIABHO C 3aJaHHOM CKOpOCThIO (5
MUKCEeNen 3a 1ar)

[Ipy wW3MeHEHWHM HampaBJCHUS ABMXKCHHUS CIPAUT TNEPCOHAXKa
OTpakaeTcsi COOTBETCTBYIOIIUM 00pa3oM

[Ipr CTOJIKHOBEHMH CO CTEHOM JBH)KEHHE B ITOM HaNPABICHHUU
OIoKupyeTcs

[lepcoHax He MOKET BHIWTH 3a TPAHUIIBI TTAHETU JTAOUPUHTA

Bce nepemenieHnst KOPpEKTHO OTCIICKUBAKOTCA CUCTEMOU MPOBEPKU
CTOJIKHOBEHU

dakTnueckne pe3yabraTbl: TecT npoiined ycnemHo. Cucrema
KOJUIM3UM paboTaeT KOPPEKTHO, MEPCOHAXK HE MPOXOAUT CKBO3b CTEHBI.
AHuManus TOBOpOTa  cHOpaiita  cpabaThiBaeT MpU  U3MEHEHUU

TOPHU30HTAJIBHOI'O HAIIPaBJIICHUA ABHUIKCHMUA.
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4.3 AIropuTMHYECKO€E MPOXO0KACHUE JJaOMPUHTA 00TOM

Heas Tecra: [IpoBeputh 3P(HEKTUBHOCT U KOPPEKTHOCTH PAOOTHI
BOJIHOBOTO aJIrOPUTMA MOUCKA ITYTH.

[IpenycnoBus: UrpoBass (opMa OTKpbITAa, YPOBEHb CIIOXKHOCTHU -
"Cpenuuii".

HeicrBus:

HaGmronenue 3a aBToOMaTHYECKUM JBUKEHUEM 00Ta

dukcarusi BpeMEeHH JOCTIKEHUST 00TOM (UHHUIIIA

Busyanwnas npoBepka myTH, BBIOpaHHOTO 60TOM

CpaBHenue mytu 0OoTa ¢ BO3MOXXHBIMU  QJIbTEPHATHUBHBIMU
MapiipyTaMmu

OxupaeMbie pe3yabTaThl:

BoT HaxoAUT MyTh OT cTapTa A0 (PUHMILIA 32 KOHEUHOE BPEMS

[IpoiineHHbIi MyTh SABJAAETCA KpaTdalmuMm (MW OJHUM U3
KpaT4yaliimx) B JaHHOM JJAOUPUHTE

JIBU)KEHHE MPOUCXOAMUT IUIABHO, C TOCTOSSHHOW CKOPOCTBIO,
3aBUCAIICH OT BHIOPAaHHOM CIIOKHOCTH

IIpu noctmwxenun ¢GuHMIIA cpabaThIBaeT COOBITHE 3aBEPIICHUS,
bukcupyeTcst BpeMsi IpOX0KIACHUS

dakTHYEeCKHEe pe3yJbTarbl: TecT NMpoHAeH ycnemHo. BoaHoBou
QITOPUTM TapPAHTHUPOBAHHO HAXOIUT KpaT4dallMii MyTh B JIAOUPHHTE.
bor nBmxeTcs MO ONTUMAIbHOMY MAapUIPYTy, BpeMsl MPOXOXKICHUS

COOTBETCTBYET OKMJaeMOMY JJIs TabupunTa pazmepom 10x10.
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4.4 CopeBHOBATEJIbHbIN Pe:KUM U ONpeieieHue modeauTeis

Heas Tectra: IlpoBepuTh KOPPEKTHOCTH pabOThl  CHUCTEMBI
COPEBHOBAHMSI U OTIPEJICIICHUS TOOSTUTETIS.

[IpenycnoBus: UrpoBass (opMa OTKpbITAa, YPOBEHb CIIOXKHOCTH -
"Jlerkuii".

JIeCTBUS:

Urpok ObICTpO NpOoX0oauT JaOUPHUHT (32 MEHbIIIEe BpeMs, 4eM OO0T)

OskuiaHue 3aBepIIeHuUs] IPOXOXKICHUS OOTOM

HabmoeHne 3a aBTOMaTHYECKUM TIEPEX0I0M K pe3yIbTaTaM

AnHanm3 0ToOpakeHHBIX Pe3yIbTaTOB

[ToBTOp TEcTa ¢ cuTyaruei, koraa 60T MPOXOAUT JaOUPHHT ObICTpee
UTpOKa

O:xunaemblie pe3yabTarbl: [Ipu nocTwkeHun (UHHILA HTPOKOM
MOSIBJISIETCS] COOOIIIEHHE C €T0 BpEeMEHEM

[Ipu noctmxenun QuHUIIA OOTOM TOSIBISETCS COOOIIEHHE C €ro
BpEeMEHEM

[Tocne dwuHMIIA 060MX YYACTHUKOB aBTOMATHYECKH OTKPBHIBACTCS
dbopma pe3ynpbTaToB

Ha popme xoppekTHO 0TOOpaxaroTcst BpeMst Urpoka u 60ta

[IpaBunpHO ompenensercs modOeauTens (y4acTHUK C MEHBIIUM
BPEMEHEM)

B ciiyyae Huubel BBIBOJIUTCS COOTBETCTBYIOIEE COOOIICHUE

[IpenocTaBnsitoTCsl OMIMK JJIS Havajia HOBOM WTPHI WM BO3BpaTa B
MEHIO

dakTnueckne pe3yabraThl: TecT npoiined ycnemHo. Cucrema

KOPPEKTHO ONpeaeisieT moOenuTeNss B pa3iuYHbIX cleHapusx. dopma
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pe3yJAbTaTOB HATJAJHO TMPEJACTaBISCT UWHOOPMALUIO C IBETOBBIM

KOJUPOBAHHEM (CHUHUU - UTPOK, KPACHBIH - OOT, CephIil - HUUbS).

4.5 Cucrema cOXpaHEHUs M 3aIPY3KH MI'PbI

Heas  Tecra:  IlpoBepurh  HANEKHOCTH  COXPAHEHUS U
BOCCTAHOBJICHUSI COCTOSIHUS UTPBHI.

[Ipenycnosus: Urposas ¢popma OTKpbITa, UTPa B MPOILIECCE.

HeicTBus:

Hrpox mpoxoauT 4acTh JTabupUHTA

Bot nmpoxoauT 4acTe CBOEro myTH

Haxxatue knonku "Coxpanuts", coxpanenue B ¢aiin "test.save"

3akpeiTHE UTPOBON (POPMBI

Bo3Bpar B rimaBHO€ MEHIO, Ha4al0 HOBOW UTPBI

Haxxatue knonku "3arpy3uts", BeiOOp (aitna "test.save"

CpaBHEHUE BOCCTAHOBIIEHHOTO COCTOSIHUSL C UCXOAHBIM

OxunaemMble pe3ysbTaThl:

daiin coxpaHeHHUsI CO37aeTCs B BRLIOpAHHOW TUPEKTOPUHU

[Ipu 3arpy3ke BOCCTaHABIMBAIOTCS: CTPYKTYpa JaOUPUHTA, TO3UIIUH
Urpoka u 00Ta, MpOIIeIIee BPEMs, CTATyC 3aBEPUICHUS IS KaXJI0TrO
y4acCTHUKA

[Tocne 3arpy3ku urpa npoAoJIxKaercs ¢ TOro k€ MOMEHTA

bor nmpomomkaer JBHXKEHHME C COXPAaHEHHOM MO3HUIMUU 10
MEePECYUTAHHOMY ITYTH

Bce snemenTsr naTEpdeiica 0ToOpakaroTCs KOPPEKTHO

dakTnueckne pe3yJabTaThl: TecT mpoitaeH ycnemHo. Cucrema
cepuammzari Ha  ocHOBe JSON  KOppekTHO  coxpaHseT ®
BOCCTAHABJIMBAET BCE AacCHEKThl WUIPOBOTO COCTOSIHUA. EnuHCTBEHHOE

OTrpaHUYEHUE - MIPHU 3arpy3Ke HEOOXOIMMO MEePECUUTHIBATH MYTh JiA 00Ta,
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4qTO0 pCajiM30BaHO 4YCPE3 BbLIZOB BOJHOBOIO aJIroputmMa OT TeKymeﬁ

IIO3UIINH.

4.6 TectupoBaHue NMOJIb30BaATEJIbCKOr0 HHTEPPeiica

Heanb TecTa: IIpoBeputs yI100CTBO 51 UHTYUTUBHOCTD
N0JIb30BaTENbCKOT0 HHTEpdeiica.

[Ipenycnous: [Iporpamma 3amyiieHa.

JIeCTBUS:

[Toouepennblit mepexo Mo BceM dieMeHTaM uHTepdeiica

[IpoBepka peakiuu Ha pa3IMuHbIC JEUCTBUS MBIIIN U KIIaBUATYPbI

TectupoBanue aganTUBHOCTH MHTepdelica TpU U3MEHEHUU pa3Mepa
OKHa

[IpoBepka UNTaeMOCTH TEKCTA U PA3IMYUMOCTH LIBETOB

Oxupaemblie pe3yJbTaThl: Bce KHONKM pearvpyroT Ha HaBEIECHUE
U HakaTue. YTpaBjieHHE C KilaBUaTypel padotaeT koppektHo (WASD
s urpoka, Escape mis Beixonma). MHTepdelic macmtabupyercs mpu
U3MEHEHUHU pa3Mepa OKHa

[IBeToBass cxemMa oOecreYrMBaeT XOPOIIYI0 KOHTPACTHOCTh U
YUTAEMOCTD

Coo0menus 00 ommbOkax U HHPOPMAIIMOHHBIE COOOIIECHUS TTOHSATHBI
II0JIB30BATEIIIO

dakTHYECKHE  Pe3yJbTaThl: Tect  mpolgeH  yCHEUIHO.
[Tonp3oBaTenbckuii MHTEPGENUC HMHTYUTUBHO TOHITEH, BCE DJIEMEHTHI
yopaBieHus padoraroT KoppekTHo. [Ipu u3MeHeHuu pa3zMepa OKHa
MPOUCXOJUT TMepepacyeT MO3ULMI 3JIEMEHTOB JUIsi  COXPaHEHUS

BU3YyallbHOM COATaHCHPOBAHHOCTH
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4.7 Pe3yabTaThl TECTUPOBAHHSA

Pe?;y.HBTaTBI IMPOBCACHHOI'O TCCTUPOBAHUA NIPCACTABJICHLI B T3.6J'II/I]_IC

Tabamnna 2 — Pe3yabTaThl TECTHPOBAHUS MPOIrPAMMbI

HaszBanue Pesynbrar
No tecta

TecTa

1 3amyck VYenemno
IpOrpaMMBbl

2 Br16op YcenemHo
CJIOKHOCTH JTAOUPUHTA

3 Hauano HoBoif VYcenemHo
UTPBI

4 Ynpasienue Ycnemno
UTPOKOM

5 Onpenenenue YcenemHo
rmooeauTes

6 CoxpaHeHue VYcenemHo
UTPBI

7 3arpy3ka urpbl YcnemHo

8 O6paboTka Ycnemno
CTOJIKHOBEHUM

9 ['eneparnus Ycnemno
nabuprHTa

Bce 3amnanupoBaHHBIE TeCTbl ObLIU

[Tporpamma

(GYHKIIMOHUPYIOT

MHTYUTUBHO MOHsTEH. CHUcCTeMa COXpaHEHUs/3arpy3Kd OOecreuynBaeT

JIEMOHCTPUPYET

KOPPEKTHO,

CTAOMITBHYIO
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BBIIIOJIHCHBI  YCIICIIIHO.

paboTy,  aIrOpUTMBbI

uHTepdeiic

HAJIe)KHOE XPAHEHHE HUIPOBOr0 COCTOSIHUS. COPEBHOBATEIBHBIN PEKUM




paboTaeT Kak 0KHJAJIOCh, KOPPEKTHO ONpENEsis I0OeIUTeNs Ha OCHOBE
BPEMEHH IIPOXOKIACHUS.

EnuHCcTBEHHBIM ~ OOHApyXEHHBIM  OrpPAaHMYEHUEM  SIBIISIETCSA
HEOoOXOAMMOCTh IepecdeTa IMyTH g 00Ta IpU 3arpy3Ke COXpaHEHHOMN
UTPbI, YTO OBUIO YCHEHIHO pPEeaJn30BaHO 4Yepe3 IOBTOPHBINA BbI3OB
BOJIHOBOI'O ajrOpUTMa OT TeKylled mno3uuuu Oota. B  ocrtanbHOM
porpaMma COOTBETCTBYET BCEM NMPEAbSIBICHHBIM TPEOOBAHUSIM U FOTOBA

K UCITIOJIb30BaAHHIO.
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3aKJII0YeHne

B npouecce BbIONHEHUsT JaHHOM KypcOBOM pabOThl  ObLIU
3HAYUTEIBHO  YJIYYIICHBl  HABBIKM  pa3padOTKM  MPOTPAMMHOIO
obecrieueHus: W YriayOJeHbl 3HAHUS B O00JacCTH aJrOPUTMU3ALUM U
00BEKTHO-OPUEHTUPOBAHHOTO MIPOrpaMMHUPOBAHUS. [TpuoGpeTeH
NPAKTHYCCKUH OMBIT pea3allii  CJIOKHBIX aJITOPUTMOB, BKITFOYAs
reHepalfio JaOMPUHTOB MeTo oM pekypcuBHoro backtracking u mowck
KpaTyaliero TMyTH C  HCMIOJb30BaHUEM  BOJIHOBOTO  aJIFOPUTMa
(anroputma JIn).

beimn ycmeniHo OCBOEHBI COBPEMEHHBIC TEXHOJOTHHM pPa3pabOTKHU:
s3bIk  TiporpammupoBanus C#, mmardopma .NET 8.0, rpaduueckas
oubanoreka Windows Forms. IlomydeH IieHHBIH OMNBIT PabOTHI C
cepuanuzanueit gaHHbIX (hopmatr JSON), cozmanueM MoIb30BaTEIbCKUX
AJIEMEHTOB YIPABICHUS, pealn3aluell COOBITUIHO-OPUEHTUPOBAHHOMN
ApPXUTEKTYPbl TPUIOKEHUS W pa3paOOTKOH HMHTYUTHUBHO TOHATHOTO
rpaduyeckoro uaTepdeiica.

B pamkax kypcoBoii paGoTel Oblia pa3zpaboTaHa HHTEPAKTUBHAS
urpa "CopeBHOBaHHE B JaOUpUHTE", MPEAOCTABISAIONIAS MOJIH30BATEIIO
CJIEIYIOLIME BO3MOKHOCTH

['enepanuio ciry4aitHbIX JTAOUPUHTOB TPEX YPOBHEH CIOXKHOCTHU (55,
10x10, 15x15)

PydyHoe ymnpaBiieHHE INEpCOHAXKEM € IMPOBEPKOM CTOJKHOBEHUN CO
CTeHaMH

ABTOMATHYECKOE  MPOXOKACHHE JTaOMPUHTA  HUCKYCCTBEHHBIM
WHTEJUIEKTOM C HCIIOJIb30BAHUEM BOJTHOBOT'O aJITOPUTMA

CopeBHOBATENBHBIA PEKUM C OJHOBPEMEHHBIM YYaCTHEM HTPOKA U

oora
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TouHOe u3MepeHre U CpaBHEHUE BPEMEHH MPOXOKIEHUS 11 000UX
YYaCTHUKOB

[TonHOLIEHHYI0 CHCTEMY COXPaHEHUS U 3arPy3KH UTPOBOTO IpoIecca

HarnsanHoe orobpaxkeHue pe3ysbTaToB ¢ ONpeieieHueM modeaurens

[Iporpamma 1eMOHCTPUPYET KOPPEKTHYIO pabOTy BCEX aJITOPUTMOB:
JaOMPUHTHI TEHEPUPYIOTCA C TapAHTUEHN CYIIECTBOBAaHUS MYTH OT CTapTa
K ¢uHumly, OOT Bcerja HaXOJIWUT KpaTdyalluuid MapupyT, cHCTEMa
KOJUTM3UM TOYHO 0OpabaThiBaeT B3aMMOJAECHCTBUE UTPOKA CO CTEHAMH.
[lonb3oBaTenbckuit uHTEpPEiic odecrneynBaeT y100HOe B3aUMOJIECTBHE
KaK C MOMOIIbIO MBIIIIH, TaK U KIIABUATYPHI.

Pa3paboTanHoe mnNpuIOKEHHE HUMEET IMOJHOLEHHBIN (DyHKIMOHAT,
JOCTaTOYHBIA 11711 KOM(OPTHOTO HCIOJIB30BAHUS W JIEMOHCTpAIUH
OPUHIMIIOB  paboThl  aNrOPUTMOB  HAaBUTAlMM B JaOMpUHTaX.
ApXuTeKTypa MporpaMMbl TIOCTpOEHA C COOJIIOJICHHEM TPHUHIIMIIOB
00BEKTHO-OPUEHTUPOBAHHOTO  MPOEKTUPOBAHMS, YTO 0OeCleurnBaeT
XOpOIIYyI0  MOAJEPKUBAEMOCTb M BO3MOYKHOCTH  JTAJIbHEHIIETO
pacipenus QyHKIIMOHATBHOCTH.

Pe3ynpTaThl TECTUpOBAHHS TOATBEPAMUIN CTAOMIBHYIO paldoTy
oporpaMMbl BO BCEX MPEIYCMOTPEHHBIX pEXKUMaX, COOTBETCTBHE
TEXHUYECKOMY  3aJaHUI0 U  TOTOBHOCTh K  IPAKTHYECKOMY
HCIOJIb30BAaHUIO B Ka4eCTBE yueOHO-AEMOHCTPALIMOHHOIO MOCOOUS WU

Pa3BJICKATCIILHOI'O ITPUIIOKCHUA.
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Cnucok Jqureparypsl

Microsoft Learn: Windows Forms gna .NET

a. URL: |https://learn.microsoft.com/ru-

ru/dotnet/desktop/winforms/
b. Onucanune: OduymansHas gokymeHTaumsa Microsoft no Windows
Forms, Bk/itouaroLlasa pykoBOACTBa, Npumepsbl koga n API-
CNPaBOYHUK.
Microsoft Learn: PykoBoacTBo no C#

a. URL: |https://learn.microsoft.com/ru-ru/dotnet/csharp
b. OnucaHue: MNosHOe pyKOBOACTBO MO A3bIKY MPOrpaMMUPOBaHUS
C# c npumMepamMm 1 yYLIMMU NPaKTUKAMW.
Microsoft Learn: Cepuanusaunsa JSON B .NET

a. URL: |https://learn.microsoft.com/ru-

ru/dotnet/standard/serialization/system-text-json/how-to

b. Onucanwue: JokymeHTauma no pabote ¢ JSSON cepmanuzauymein B
.NET, Bkatouas System.Text.Json.

. GeeksforGeeks: Anroputmbl noncka nyTu

a. URL: |https://www.geeksforgeeks.org/search-algorithms
b. OnucaHune: O6bACHEHNA N peann3aLnm PasanyHbiX aaropuTMOoB
nowncka nyTtu, Bkaroyas BFS, DFS, A* 1 BONHOBOW anropuTm.
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Hpunoxkenue A

WaveAlgorithm.cs:

using AI maze;

using System;

using System.Collections.Generic;
using System.Drawing;

using WinFormsAppl.Class;

namespace WinFormsAppl.Algoritms
{

public static class WaveAlgorithm

{

public static List<Point> FindPath(Maze maze, Point start,

Point finish)

// TlpoBepsgeM BaJMIHOCTH BXOMHBIX I[aHHBIX

if (maze == null) return null;
if (start.X < 0 || start.X >= maze.Width || start.Y <
0 || start.Y >= maze.Height ||
finish.X < 0 || finish.X >= maze.Width ||
finish.Y < 0 || finish.Y >= maze.Height)

return null;

int[,] distance = new int[maze.Width, maze.Height];
// PaccTosHuMe OT CcTapTa
Point[,] previous = new Point[maze.Width,

maze.Height];

// VHuuyammsaums MacCCHUBOB

for (int x = 0; x < maze.Width; x++)

{
for (int y = 0; y < maze.Height; y++)
{

distancel[x, y] = -1;

previous[x, V] new Point (-1, -1);

Queue<Point> queue = new Queue<Point>();
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distance[start.X, start.Y] = 0;

queue.Enqueue (start) ;

Point[] directions = new Point][]

{
new Point (0, -1), new Point (1, 0),
new Point (0, 1), new Point (-1, 0)

b

while (queue.Count > 0)

{

Point current = queue.Dequeue () ;

if (current.Equals(finish))

break;

foreach (Point dir in directions)
{
Point neighbor = new Point (current.X + dir.X,

current.Y + dir.Y);

if (neighbor.X >= 0 && neighbor.X <
maze.Width &&
neighbor.Y >= 0 && neighbor.Y <
maze.Height &&
CanMove (maze, current, neighbor) &&

distance[neighbor.X, neighbor.Y] == -1)

distance[neighbor.X, neighbor.Y] =
distance[current.X, current.Y] + 1;

previous [neighbor.X, neighbor.Y] =

current;
queue.Enqueue (neighbor) ;
}
}
}
return ReconstructPath(previous, finish);
}
private static bool CanMove (Maze maze, Point from, Point
to)
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if (from.X < 0 || from.X >= maze.Width || from.Y < O
|| from.Y >= maze.Height ||
to.X < 0 || to.X > maze.Width || to.Y < 0 ||
to.Y >= maze.Height)

return false;

Cell fromCell = maze.Cells[from.X, from.Y];
Cell toCell = maze.Cells[to.X, to.Y];

int dx = to.X - from.X;

int dy to.Y - from.Y;

if (dx == 1) return !fromCell.rightWall
&& !toCell.leftWall;

else 1if (dx == -1) return !fromCell.leftWall
&& !'toCell.rightwall;

else 1if (dy == 1) return !fromCell.downWall
&& !'toCell.topWall;

else 1if (dy == -1) return !fromCell.topWall
&& !toCell.downWall;

return false;

private static List<Point> ReconstructPath (Point][, ]
previous, Point finish)
{

if (previous[finish.X, finish.Y].X == -1) return null;

List<Point> path = new List<Point>();

Point current = finish;

while (current.X != -1 && current.Y != -1)

{
path.Add (current) ;

current = previous[current.X, current.Y];

path.Reverse () ;

return path.Count > 0 ? path : null;
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}

Bot.cs:

using
using
using
using
using
using

using

System;
System.Collections.Generic;
System.Diagnostics;
System.Drawing;
System.Windows.Forms;
WinFormsAppl.Algoritms;

Timer = System.Windows.Forms.Timer;

namespace WinFormsAppl.Class

{

public class Bot

{

public PictureBox PictureBox { get; private set; }

public bool IsMoving { get; private set; } = false;

private Maze maze;

private Timer movementTimer;
private List<Point> path;

private int currentPathIndex = 0;
private int cellSize;

private Point mazeOffset;

private Color botColor = Color.Red;
public int Complexity Bot;

private Stopwatch stopwatch;

private long elapsedTimeMs = 0;

public Bot (Maze maze, int cellSize, Point mazeOffset,

Complexity Bot =1000)

{
this.Complexity Bot = Complexity Bot;

this.maze = maze ?? throw new

ArgumentNul lException (nameof (maze)) ;

this.cellSize = cellSize;
this.mazeOffset = mazeOffset;

stopwatch = new Stopwatch();

InitializeBot () ;
FindPath () ;

SetupMovementTimer () ;
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private void InitializeBot()
{
PictureBox = new PictureBox();

PictureBox.Size = new Size(cellSize / 2, cellSize /

PictureBox.BackColor = botColor;

SetPosition (0, 0);

private void SetPosition (int cellX, int cellY)
{
PictureBox.Location = new Point (
mazeOffset.X + cellX * cellSize + cellSize / 4,

mazeOffset.Y + cellY * cellSize + cellSize / 4

private void FindPath ()
{
path = WaveAlgorithm.FindPath (maze, new Point (0, 0),

new Point (maze.Width - 1, maze.Height - 1));

if (path != null && path.Count > 0)
{
currentPathIndex = 0;

SetPosition (path[0].X, path[0].Y);

private void SetupMovementTimer ()

{
movementTimer = new Timer () ;
movementTimer.Interval = Complexity Bot;

movementTimer.Tick += (s, e) => MoveAlongPath();

public void StartMoving ()

{
if (path != null && path.Count > 1 && !IsMoving)

{
IsMoving = true;

stopwatch.Start () ;
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movementTimer.Start () ;

public void StopMoving ()

{

IsMoving = false;

movementTimer?.Stop () ;

stopwatch.Stop () ;

elapsedTimeMs = stopwatch.ElapsedMilliseconds;

private void MoveAlongPath()

{

if (currentPathIndex < path.Count - 1)
{

currentPathIndex++;
Point nextCell = path[currentPathIndex];
SetPosition (nextCell.X, nextCell.Y):;

else

StopMoving() ;
OnBotFinished?.Invoke (this, EventArgs.Empty);

public event EventHandler OnBotFinished;

public void Reset ()

{

StopMoving () ;
currentPathIndex = 0;
elapsedTimeMs = 0;
stopwatch.Reset () ;
if (path != null && path.Count > 0)
{
SetPosition(path[0].X, path[0].Y);

public long GetElapsedTimeMs ()

{
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return elapsedTimeMs;

public TimeSpan GetElapsedTime ()
{

return TimeSpan.FromMilliseconds (elapsedTimeMs) ;

// MeTom Iyg OTPUCOBKM IyTKU (OINLMOHAJIBHO)
public void DrawPath (Graphics graphics, Point offset, int
cellSize)

if (path == null path.Count < 2) return;

\
using (Pen pathPen = new Pen(Color.Yellow, 2))
{
for (int i = 0; 1 < path.Count - 1; i++)
{
Point current = path[i];

Point next = path[i + 1];

int currentX = offset.X + current.X *
cellSize + cellSize / 2;

int currentY = offset.Y + current.Y *
cellSize + cellSize / 2;

int nextX = offset.X + next.X * cellSize +
cellSize / 2;

int nextY = offset.Y + next.Y * cellSize +

cellSize / 2;

graphics.DrawLine (pathPen, currentX, currentY,

nextX, nextY);

Cell.cs:

using System;
using System.Collections.Generic;
using System.Ling;

using System.Text;
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using System.Threading.Tasks;

namespace Al maze
{
public class Cell
{
public int X { get; }
public int Y { get; }

public bool isVisit = false;

public bool topWall = true;
public bool downWall = true;
public bool leftWall

true;

public bool rightWall = true;

public Cell (int x, int vy)
{

GameSave.cs:

// GameSave.cs
using System;
using System.Collections.Generic;

using System.Drawing;

namespace WinFormsAppl
{
[Serializable]
public class GameSave
{
public int Version { get; set; } = 1;
public int Complexity { get; set; }
public Point PlayerPosition { get; set; }
public Point BotPosition { get; set; }
public int CurrentBotPathIndex { get; set; }
public bool PlayerFinished { get; set; }
public bool BotFinished { get; set; }
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public int PlayerTimeSeconds { get; set; }
public long BotTimeMs { get; set; }

public int ElapsedSeconds { get; set; }
public bool IsBotMoving { get; set; }

public DateTime SaveDate { get; set; }

// CepuammusyeMble CTEHB JIaOMPMHTa

public List<CellWalls> MazeWalls { get; set; }

// IJya XpaHeHMs NOo3uLMM nyTu BoTa

public List<SerializablePoint> BotPath { get; set; }

[Serializable]

public class CellWalls

{
public int X { get; set; }
public int Y { get; set; }
public bool TopWall { get; set; }
public bool RightWall { get; set; }
public bool BottomWall { get; set; }
public bool LeftWall { get; set; }

[Serializable]
public class SerializablePoint

{
public int X { get; set; }
public int Y { get; set; }
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Maze.cs:

using AI maze;

using System;

using System.Collections.Generic;
using System.Drawing;

using System.Globalization;

using System.Ling;

using System.Text;

using System.Threading.Tasks;

namespace WinFormsAppl.Class

{

public class Maze

{

public int Height, Width;

public Cell[,] Cells { get; private set; }

Random rnd = new Random() ;
public Pen wallPen = new Pen(Color.Black, 2);
public Maze (int Height, int Width)
{
this.Height = Height;
this.Width = Width;
Cells = new Cell[Width, Height];

for (int x = 0; x < Width; =x++)
{
for (int y = 0; y < Height; y++)
{
Cells[x, y] = new Cell(x, V)

public void Kill (int startX, int startY)
{

Cell cell = Cells[startX, startY¥Y];

cell.isVisit = true;

List<Cell> listUnvisitNeight =
GetUnVisitNeighbors (cell) ;
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if (listUnvisitNeight.Count > 0)

{
int rand = rnd.Next (0, listUnvisitNeight.Count) ;
Cell randFromListCell = listUnvisitNeight[rand];
RemoveWall (cell, randFromListCell);
Kill (randFromListCell.X, randFromListCell.Y);

else

Hunt () ;

}
public void Hunt ()
{
for (int x = 0; x < Width; =x++)
{
for (int y = 0; y < Height; y++)
{
Cell cell = Cells|[x, Vv];
List<Cell> list = GetVisitNeightborn (cell);
if (cell.isVisit == false && list.Count > 0)
{
int rand = rnd.Next (0, list.Count);
Cell randFromListCell = list[rand];
RemoveWall (cell, randFromListCell);
Kill (cell.X, cell.Y);

return;

List<Cell> GetVisitNeightborn (Cell cell)

{
List<Cell> neighbors = new List<Cell>();

if (cell.Y > 0)

{
Cell topN = Cells[cell.X, cell.Y - 1];
if (topN.isVisit == true) neighbors.Add (topN);
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if (cell.Y < Height - 1)
{
Cell down = Cells[cell.X, cell.Y + 17;
if (down.isVisit == true) neighbors.Add (down) ;
}
if (cell.X > 0)
{
Cell left = Cells[cell.X - 1, cell.Y];
if (left.isVisit == true) neighbors.Add(left);
}
if (cell.X < Width - 1)
{
Cell right = Cells[cell.X + 1, cell.Y];
if (right.isVisit == true) neighbors.Add(right);

return neighbors;

void RemoveWall (Cell current, Cell Check)

{
int divX = current.X - Check.X;

int divY = current.Y - Check.Y;

if (divX == 1)

{
current.leftWall = false;
Check.rightWall = false;

}

else 1if (divX == -1)

{
current.rightWall = false;
Check.leftWall = false;

}

else 1if (divYy == 1)

{
current.topWall = false;
Check.downWall = false;

}

else 1if (divYy == -1)

{
current.downWall = false;

Check.topWall = false;
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offset)

private List<Cell> GetUnVisitNeighbors (Cell cell)
{

List<Cell> neighbors = new List<Cell>();

if (cell.Y > 0)
{
Cell topN = Cells[cell.X, cell.Y - 1];
if (topN.isVisit == false) neighbors.Add (topN) ;

}
if (cell.Y < Height - 1)
{
Cell down = Cells[cell.X, cell.Y + 17];
if (down.isVisit == false) neighbors.Add (down) ;

}
if (cell.X > 0)
{
Cell left = Cells[cell.X - 1, cell.Y];
if (left.isVisit == false) neighbors.Add(left);
}
if (cell.X < Width - 1)
{
Cell right = Cells[cell.X + 1, cell.Y];
if (right.isVisit == false) neighbors.Add(right);

return neighbors;

public void Draw (Graphics graphics, int cellSize, Point

graphics.Clear (Color.White);

using (Pen pen = new Pen(Color.Black, 2))
{
for (int x = 0; x < Width; x++)
{
for (int yv = 0; y < Height; y++)
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Cell cell = Cells[x, vI:
DrawCell (graphics, pen, cell, cellSize,

offset);

void DrawCell (Graphics graphics, Pen pen, Cell cell, int
cellSize, Point offset)

{
int x = cell.X * cellSize + offset.X;

cell.Y * cellSize + offset.Y;

int y

if (cell.topWall)

graphics.DrawlLine (pen, x, y, x + cellSize, vy);

if (cell.downWall)
graphics.DrawlLine (pen, x, y + cellSize, x +

cellSize, y + cellSize);

if (cell.leftWall)

graphics.DrawLine (pen, x, vy, X, y + cellSize);

if (cell.rightwall)
graphics.DrawlLine (pen, x + cellSize, y, x +
cellSize, y + cellSize);

}

Player.cs:

using System.Drawing;

using System.Windows.Forms;

namespace WinFormsAppl.Class

{
public class Player

{
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public PictureBox PictureBox { get; private set; }
public bool IsFacingRight { get; private set; } = true;
public int Speed { get; set; } = 5;

private Image originallImage;

private Image flippedImage;

public Player ()

{
PictureBox = new PictureBox();
PictureBox.Size = new Size (50, 50);
PictureBox.Location = new Point (100, 100);

PictureBox.BackColor = Color.Blue;

LoadTextures () ;

private void LoadTextures ()

{
// TlonmyyaeM MyTb K KOPHEBOM [arke MIpoeKTa
string projectRoot = GetProjectRootDirectory();
string texturesPath = Path.Combine (projectRoot,

"Textures") ;

string originalPath = Path.Combine (texturesPath,
"minecraft-stev.gif");
string flippedPath = Path.Combine (texturesPath,

"minecraft-stevFlip.gif");

if (File.Exists(originalPath) &&
File.Exists (flippedPath))
{
try
{
originalImage = Image.FromFile (originalPath);
flippedImage = Image.FromFile (flippedPath) ;
PictureBox.Image = originalImage;
PictureBox.SizeMode =
PictureBoxSizeMode.StretchImage;
PictureBox.BackColor = Color.Transparent;
}
catch (Exception ex)

{
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MessageBox.Show ($"Oumbka 3arpy3KM:

{ex.Message}");

else

MessageBox.Show ($"®almel He

nammene: \n{originalPath}\n{flippedPath}") ;

}

private string GetProjectRootDirectory ()

{
string currentDir

DirectoryInfo dir

// TlomHMMaeMmcsd mOo
for 0; 1

{

(int i =

if

dir =

(dir.Parent

dir.

Directory.GetCurrentDirectory();

= new DirectoryInfo(currentDir);

nanky WinFormsAppl
< 3; 1i++4)
!'= null)

Parent;

return dir.FullName;

public void Move (int deltaX,

{

int deltayY)

PictureBox.Left += deltaX;

PictureBox.Top +=

if (deltaX < 0 &&
{
Flip();
}
else if

{
Flip();

public void Flip ()
{
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IsFacingRight = !IsFacingRight;

if (originalImage != null && flippedImage != null)
{
PictureBox.Image = IsFacingRight ? originallImage

flippedImage;

public void CheckBoundaries (Form form)
{
if (PictureBox.Top < 0)
PictureBox.Top = 0;
if (PictureBox.Top > form.ClientSize.Height -

PictureBox.Height)

PictureBox.Top form.ClientSize.Height -
PictureBox.Height;
if (PictureBox.Left < 0)
PictureBox.Left = 0O;
if (PictureBox.Left > form.ClientSize.Width -
PictureBox.Width)
PictureBox.Left = form.ClientSize.Width -

PictureBox.Width;

Timer.cs:

using System;

using System.Collections.Generic;
using System.Ling;

using System.Text;

using System.Threading.Tasks;

namespace WinFormsAppl.Class
{
public class TimerForGame
{
private Label timelabel;
private System.Windows.Forms.Timer gameTimer;
private int elapsedSeconds = 0;
Size _clientSize;

Form _form;
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public TimerForGame (Size ClientSize, Form form)

{

_clientSize= ClientSize;

_form= form;

public void StopTimer ()

{

gameTimer.Stop () ;

public int GetElapsedSeconds ()

{

return elapsedSeconds;

public void CreateTimer ()

{

FontStyle.Bold) ;

AnchorStyles.Right;

timeLabel = new Label ();
timeLabel.Text = "00:00";
timeLabel.Size = new Size (80, 30);

timeLabel.Font = new Font ("Consolas", 14,

timeLabel.ForeColor Color.White;
timeLabel.BackColor = Color.Black;
timeLabel.TextAlign = ContentAlignment.MiddleCenter;
timeLabel .BorderStyle = BorderStyle.FixedSingle;

timeLabel.Anchor = AnchorStyles.Top |

timeLabel.Location = new Point (
_clientSize.Width - timeLabel.Width - 20,
20

)

_form.Controls.Add (timeLabel) ;

gameTimer = new System.Windows.Forms.Timer () ;
gameTimer.Interval = 1000;
gameTimer.Tick += GameTimerTick;

StartTimer () ;
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public void GameTimerTick (object sender, EventArgs e)

{

elapsedSeconds++;
TimeSpan time = TimeSpan.FromSeconds (elapsedSeconds) ;
timelLabel.Text = string.Format ("{0:00}:{1:00}",

(int) time.TotalMinutes, time.Seconds) ;

}

public void StartTimer ()
{

elapsedSeconds = 0;
timeLabel.Text = "00:00";

gameTimer.Start () ;

GameForm.cs:

using AI maze;

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Diagnostics;
using System.Drawing;

using System.IO;

using System.Ling;

using System.Text;

using System.Text.Json;

using System.Threading.Tasks;
using System.Threading.Tasks;
using System.Windows.Forms;
using WinFormsAppl.Algoritms;

using WinFormsAppl.Class;

namespace WinFormsAppl

{

public partial class GameForm : Form

{

private bool resultsShown = false;
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private Player player;

private Maze maze;

private Maze mazeForBot;

private int cellSize = 40;

private Point finishPoint;

private Point finishPointForBot;

private Bot bot;

private int ComplexityMaze { get; set; }

private TimerForGame gameTimer;

private bool playerFinished = false;

private bool botFinished = false;

private int playerTimeSeconds = 0;

private long botTimeMs = 0;

// TaHenu mJjsa J1abUPUHTOB

private DoubleBufferedPanel playerMazePanel;

private DoubleBufferedPanel botMazePanel;

public GameForm(int ComplexityMaze)

{

ComplexityMaze) ;

this.ComplexityMaze = ComplexityMaze;

InitializeComponent () ;

InitializePanels (this.ComplexityMaze =

InitializeMaze () ;
InitializePlayer();
SpawnButton () ;

InitializeBot () ;

// HacTporka GopMe

this.WindowState = FormWindowState.Maximized;
this.FormBorderStyle = FormBorderStyle.None;
this.KeyPreview = true;

this.BackColor = Color.Black;
this.DoubleBuffered = true;

// TlomnmMcelBaeMcsa Ha COOHBTUA

this.KeyDown += GameForm KeyDown;
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CreateTimerObj () ;

public void CreateTimerObj ()

{

gameTimer = new TimerForGame (this.ClientSize, this);

gameTimer.CreateTimer () ;

private void InitializeBot()

{

if (mazeForBot == null) return;

// Coszmaem 6oTa C JabMPUHTOM IJid GoTa
Point botMazeOffset = new Point (10, 10);
bot = new Bot (mazeForBot, cellSize, botMazeOffset);

// DIoBGaBisgeM 6oTa Ha [aHeJb OOTa
botMazePanel.Controls.Add (bot.PictureBox) ;

bot.PictureBox.BringToFront () ;

bot.OnBotFinished += (s, e) =>
{
botFinished = true;

botTimeMs = bot.GetElapsedTimeMs () ;

// OrjamouHoe coobueHue

Debug.WriteLine ($"BoT momes no ¢mHmma! Bpewms:

{botTimeMs} Mc = {botTimeMs / 1000.0} cex");

buumma ! \nBpewms :

// TlokaselBaeM CcooOleHre, dYuTo OO0T mowes OO buHuMua
ShowTemporaryMessage ($"BoT momes m0O

{TimeSpan.FromMilliseconds (botTimeMs) :mm\\:ss\\.f££}");

// TlpoBepsgeMm, MOWEJT JIM yXE& UIPOK

CheckIfBothFinished () ;

}s
bot.StartMoving () ;

private void CheckIfBothFinished()
{
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// TpoeepseMm, o6a M ydacCTHUKAE OOLUM OO OGMHMIIA
if (playerFinished && botFinished && !resultsShown)
{

resultsShown = true;

// Xoem HEeMHOTO, UTOOH MI'POK YBMOEJ COOBmeHue o
buHMImEe 6oTa
Task.Delay (1000) .ContinueWith (_=>
{
this.Invoke (new Action(ShowFinalResults));

})

}
private void ShowFinalResults ()
{
// CoszmaeMm dopMy C pesyJibTaTaMu
using (ResultForm resultForm = new ResultForm())
{
resultForm.PlayerTime =
TimeSpan.FromSeconds (playerTimeSeconds) ;
resultForm.BotTime =

TimeSpan.FromMilliseconds (botTimeMs) ;

// Onpemenaem nobemuress
if (playerTimeSeconds < (botTimeMs / 1000.0))
{
resultForm.Winner = "Urpok";
resultForm.WinnerColor = Color.Blue;

}
else if (playerTimeSeconds > (botTimeMs / 1000.0))
{

resultForm.Winner = "Botr";

resultForm.WinnerColor = Color.Red;
else

resultForm.Winner = "Huubg";

resultForm.WinnerColor = Color.Gray;
var dialogResult = resultForm.ShowDialog() ;

if (dialogResult == DialogResult.Retry)
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// HauaTb HOBYK UIPY

this.DialogResult

this.Close();

else

this.Close();

= DialogResult.Retry;

private void ShowTemporaryMessage (string message)

{
// Cosmaem bopMmy
Form messageForm
messagelForm. Text

messageForm.Size

coobueHmueM

new Form() ;

"Mupopmauma";

new Size (300, 150);

messageForm.StartPosition

FormStartPosition.CenterParent;

messageForm.FormBorderStyle =

FormBorderStyle.FixedDialog;

messageForm.MaximizeBox

messageForm.MinimizeBox

Label messagelab
messagelabel.Tex
messagelabel.Fon

FontStyle.Bold) ;

messagelabel.ForeColor

messagelabel.Siz

messagelabel.Location

messagelabel.TextAlign

ContentAlignment.MiddleCenter;

el
t
t

e

false;

false;

new Label () ;

= message;

= new Font ("Arial", 10,

Color.Black;

= new Size (280, 80);

new Point (10, 20);

messageForm.Controls.Add (messagelabel) ;

Button okButton
okButton.Text =

okButton.Size =

new Button () ;

"OK";

new Size (80, 30);

okButton.Location

okButton.Click +=

= new Point (110, 100);

(s,

e)

=> messageForm.Close() ;

messageForm.Controls.Add (okButton) ;
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messageForm.ShowDialog () ;

private void ShowResults ()
{
// TomyuaeMm BpeMmsa 60Ta B CeKyHIax

double botTimeSeconds = botTimeMs / 1000.0;

string winner = "";

Color winnerColor = Color.Gray;

// Onpenenaem nobemuress
if (playerTimeSeconds < botTimeSeconds)
{
winner = "Urpox";
winnerColor = Color.Blue;
}
else 1if (playerTimeSeconds > botTimeSeconds)
{
winner = "Botr";

winnerColor = Color.Red;

else

winner = "Huuba";

winnerColor = Color.Gray;

// Cozmaem dbopMy C pesyJibTaTaMu
using (ResultForm resultForm = new ResultForm())
{
resultForm.PlayerTime =
TimeSpan.FromSeconds (playerTimeSeconds) ;
resultForm.BotTime =
TimeSpan.FromMilliseconds (botTimeMs) ;
resultForm.Winner = winner; // YcTaHaBimMBaeMm
nobenuresns
resultForm.WinnerColor = winnerColor; //

YcTaHaBaIMBaeM LBeT nobenmureris

resultForm.ShowDialog () ;
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// 3axkpeiBaeM MI'POBYK GopMmy

this.Close();

private void BotMazePanel Paint (object sender,

PaintEventArgs e)

Kpaee NaHenu

Color.Blue);

JabuprHTAa

{
// OuuaeMm mnaHeJb
e.Graphics.Clear (Color.White) ;

// OTpuUCOBHIBAeM JIaBUPMHT C HeBOJbIMM OTCTYIIOM OT

Point panelOffset = new Point (10, 10);

mazeForBot.Draw (e.Graphics, cellSize, panelOffset);

// OTpuUCOBHIBAEM GUHMIIL

DrawFinish (e.Graphics, panelOffset, finishPointForBot,

// Tlomnuchk nig JjabupmuHTa 60Ta

DrawLabel (e.Graphics, "", panelOffset);

// Tlpu 3akpeTHu GOPME OCTaHaBJIMBaeMm 6oTa

protected override void OnFormClosed (FormClosedEventArgs

bot?.StopMoving () ;

base.OnFormClosed (e) ;

private void InitializePanels (int complixity)

{

int shiftX, shiftY = 200;

if (complixity == 15)
shiftX = 500;

else shiftX = 250;

// PaccumMTHIBAEeM pasMep [aHeJM Ha OCHOBE pasmepa

int panelSize = ComplexityMaze * cellSize + 50; //

+50 myis oTcTynos

62



// TlaHemnb nOJs UIPOKa (J1eBas [OJIOBMHA SDKpaHa)
playerMazePanel = new DoubleBufferedPanel () ;
playerMazePanel.Size = new Size (panelSize, panelSize);
playerMazePanel.Location = new Point (
(this.ClientSize.Width / 2 - panelSize) / 2 + 150,
(this.ClientSize.Height - panelSize) / 2 + shiftyY
)i
playerMazePanel.BackColor = Color.White;
playerMazePanel .BorderStyle = BorderStyle.FixedSingle;
playerMazePanel.Paint += PlayerMazePanel Paint;

this.Controls.Add (playerMazePanel) ;

// TaHesb mysa 6oTa (npaBasg MNOJIOBMHA 3KpaHa)
botMazePanel = new DoubleBufferedPanel () ;
botMazePanel.Size = new Size (panelSize, panelSize);
botMazePanel.Location = new Point (

this.ClientSize.Width / 2 +

(this.ClientSize.Width / 2 - panelSize) / 2 + shiftX,

(this.ClientSize.Height - panelSize) / 2 + shiftyY
) ;
botMazePanel.BackColor = Color.White;
botMazePanel.BorderStyle = BorderStyle.FixedSingle;
botMazePanel.Paint += BotMazePanel Paint;

this.Controls.Add (botMazePanel) ;

private void InitializeMaze ()

{

1);

maze = new Maze (ComplexityMaze, ComplexityMaze) ;

maze.Kill (0, 0);

mazeForBot = new Maze (ComplexityMaze, ComplexityMaze);

mazeForBot.Kill (0, 0);

// YcraHaBiuBaeM OUMHMII B MNPABBIA HUKHMUNA yTOJI

finishPoint = new Point (maze.Width - 1, maze.Height -

finishPointForBot = new Point (mazeForBot.Width - 1,

mazeForBot.Height - 1);

}

private void InitializePlayer ()
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player = new Player();

// PasMep MI'POKa MIPOMNOPLMOHAJILHO KJIETKE JIabMpUHTA
player.PictureBox.Size = new Size(cellSize / 2,

cellSize / 2);:

// TOo3MLMOHUPYEM UTPOKa B Hauajie JIabMpMHTA Ha [NaHeu
UTpoKa
player.PictureBox.Location = new Point (
playerMazePanel.Location.X + cellSize / 4 + 10,
playerMazePanel .Location.Y + cellSize / 4 + 10
)

this.Controls.Add (player.PictureBox) ;

player.PictureBox.BringToFront () ;

private void SpawnButton ()

{
Button exitButton = new Button();
exitButton.Text = "Bexon";
exitButton.Size = new Size (100, 40);
exitButton.Location = new Point(

10,10
)
exitButton.BackColor = Color.Red;
exitButton.ForeColor = Color.White;
exitButton.Font = new Font ("Arial", 10,
FontStyle.Bold) ;

exitButton.FlatStyle = FlatStyle.Flat;
exitButton.FlatAppearance.BorderSize = 2;
exitButton.FlatAppearance.BorderColor = Color.White;
exitButton.Click += Exit clic;
this.Controls.Add (exitButton) ;

exitButton.BringToFront () ;

Button saveButton = new Button();
saveButton.Text = "CoxpaHuTrnp";
saveButton.Size = new Size (100, 40);
saveButton.Location = new Point (120, 10);
saveButton.BackColor = Color.Green;

saveButton.ForeColor = Color.White;
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FontStyle.Bold) ;

SaveFileDialog())

(*.save) | *.save|Bce odanmnu

DialogResult.OK)

FontStyle.Bold) ;

OpenFileDialog())

(*.save) | *.save |Bce bdanier

saveButton.Font =

saveButton.FlatStyle =

new Font ("Arial", 10,

FlatStyle.Flat;

saveButton.Click += (s, e) =>

{

using

saveDialog.Filter =

saveDialog.DefaultExt =

(SaveFileDialog saveDialog = new

"®ansel COXpaHeHMA

(*'*) |*'*";

"save";

saveDialog.Title = "CoxpaHuTb urpy";

if

}i

(saveDialog.ShowDialog () ==

SaveGame (saveDialog.FileName) ;

this.Controls.Add (saveButton);

saveButton.BringToFront () ;

Button loadButton =

loadButton

loadButton.
loadButton.

loadButton

loadButton.

loadButton

loadButton.

loadButton
{

using

new Button() ;

.Text = "Barpy3urp";

Size = new Size (100, 40);
Location = new Point (230, 10);
.BackColor = Color.Blue;
ForeColor = Color.White;

.Font = new Font ("Arial", 10,
FlatStyle = FlatStyle.Flat;
.Click += (s, e) =>

(OpenFileDialog openDialog = new

openDialog.Filter = "®annab COXpPaHEHUS

openDialog.DefaultExt =

(‘k.*) |~k.~k";

"save";

openDialog.Title = "3arpys3ure urpy";
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if (openDialog.ShowDialog() ==
DialogResult.OK)

LoadGame (openDialog.FileName) ;

b
this.Controls.Add (loadButton);

loadButton.BringToFront () ;

// OTpucoBka JabupMHTa MIPOKA Ha €ro [NaHeu
private void PlayerMazePanel Paint (object sender,
PaintEventArgs e)
{
// OuuumaeMm naHesb

e.Graphics.Clear (Color.White) ;

// OTpucoBEHBaeM JIAOUPUHT C HEeOOJBIUIMM OTCTYIIOM OT
KpaeB I[aHeIu
Point panelOffset = new Point (10, 10);

maze.Draw (e.Graphics, cellSize, panelOffset);

// OTpucoBeBaeM GMHMII
DrawFinish (e.Graphics, panelOffset, finishPoint,

Color.Green) ;
// Tlomnuchk nJiga JjabupuHTa UTPOKA

//DrawLabel (e.Graphics, "Urpok", panelOffset);

//private void BotMazePanel Paint (object sender,

PaintEventArgs e)

A

// // Ounmaem naHeJb

// e.Graphics.Clear (Color.White) ;

// // OTpucoBBIBAEM JIAOMPUHT C HEOOJBINUM OTCTYIIOM OT
Kpaer NaHenm

// Point panelOffset = new Point (10, 10);

// mazeForBot.Draw (e.Graphics, cellSize, panelOffset);
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// // OTpucoBHBaeM QUHMII
// DrawFinish (e.Graphics, panelOffset,

finishPointForBot, Color.Blue);

// // Tomnmucek mjsa JjabupuHTa ©6oTa
// //DrawLabel (e.Graphics, "Bor", panelOffset);
//}

private void DrawFinish (Graphics graphics, Point offset,
Point finish, Color color)
{
int x = finish.X * cellSize + offset.X + 5;
int y = finish.Y * cellSize + offset.Y + 5;

int size = cellSize - 10;

using (Brush brush = new SolidBrush (color))

{

graphics.FillRectangle (brush, x, y, size, size);

private void DrawlLabel (Graphics graphics, string text,

Point offset)

Font labelFont = new Font ("Arial", 12,
FontStyle.Bold) ;
SizeF textSize = graphics.MeasureString (text,

labelFont);

PointF labelPos = new PointF(
250, 500
)7

graphics.DrawString (text, labelFont, Brushes.Black,

labelPos) ;

private void Exit clic(object sender, EventArgs e)

{
this.Close();
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private void GameForm KeyDown (object sender, KeyEventArgs

int deltaX = 0, deltaY = 0;

switch (e.KeyCode)
{

case Keys.W: delta¥Y = -player.Speed; break;
case Keys.S: deltaY = player.Speed; break;
: deltaX = -player.Speed; break;

case Keys

W
.S
case Keys.A
.D: deltaX = player.Speed; break;
B

case Keys.Escape: this.Close(); break;

if (!WillCollide (deltaX, deltaY))
{
player.Move (deltaX, deltaY);

CheckWinCondition () ;

// OBHOBJIIEM OTPUCOBKY [IaHEJM UTPOKA

playerMazePanel.Invalidate() ;

private bool WillCollide (int deltaX, int deltaY)

{

Rectangle futureBounds = new Rectangle (
player.PictureBox.Left + deltaX,
player.PictureBox.Top + deltay,
player.PictureBox.Width,
player.PictureBox.Height

)

// TlpoBepseM TPAHUIEl NAHEJM UIPOKa
if (!playerMazePanel.Bounds.Contains (futureBounds))

return true;

// TlpoBepseM CTOJIKHOBEHME C KaxXIOM KJIETKOM JIabupuHTa
for (int x = 0; x < maze.Width; x++)
{
for (int y = 0; y < maze.Height; y++)
{
Cell cell = maze.Cells[x, VI;
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if (CheckCellCollision(cell, futureBounds,
playerMazePanel.Location))

return true;

return false;

private bool CheckCellCollision(Cell cell, Rectangle
playerBounds, Point panellLocation)
{
// CMemeHye BHYTPM [IaHEeJU
Point panelOffset = new Point (10, 10);
int cellX = cell.X * cellSize + panellocation.X +
panelOffset.X;
int cellY = cell.Y * cellSize + panellocation.¥Y +

panelOffset.Y;

// CozmaeM NpPAMOYTOJIBHMKU IJi9 KaXIOM CTEHB
if (cell.topWall)
{
Rectangle topWall = new Rectangle(cellX, celly,
cellSize, 2);
if (playerBounds.IntersectsWith (topWall))

return true;

if (cell.downWall)

{
Rectangle downWall = new Rectangle (cellX, cellY +
cellSize - 2, cellSize, 2);
if (playerBounds.IntersectsWith (downWall))

return true;

if (cell.leftWall)
{
Rectangle leftWall = new Rectangle (cellX, celly,
2, cellSize);
if (playerBounds.IntersectsWith (leftWall))

return true;
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if (cell.rightwWall)
{
Rectangle rightWall = new Rectangle (cellX +
cellSize - 2, cellY, 2, cellSize);
if (playerBounds.IntersectsWith (rightWall))

return true;

return false;

private void CheckWinCondition()
{
// CMmelleHMe BHYTPU MNaHEN

Point panelOffset = new Point (10, 10);

// OnpenejygaeM KJETKY, B KOTOPOM HAXOIUTCH MIPOK

int playerCellX = (player.PictureBox.Left -
playerMazePanel.Location.X - panelOffset.X + cellSize / 2) / cellSize;

int playerCellY = (player.PictureBox.Top -
playerMazePanel.Location.Y - panelOffset.Y + cellSize / 2) / cellSize;

// TlpoBepsgem, IOmeJy JIM UIPOK IO buHMIIA
if (playerCellX == finishPoint.X && playerCellY ==
finishPoint.Y && !playerFinished)
{
playerFinished = true;
playerTimeSeconds = gameTimer.GetElapsedSeconds () ;

gameTimer.StopTimer () ;

// OcTaHaBIMBaeM IBUXEHME MIPOKA

player.PictureBox.Enabled = false;

// OrjamouHoe coobumeHure

Debug.WriteLine ($"Vrpok momest no émumma! Bpewms:

{playerTimeSeconds} cek");

// TlokaswBaeMm COOOIEHMEe, UTO UTPOK IOomejl OO0

bmHMIAa

ShowTemporaryMessage ($"Urpok mowes IO

bmnHmma ! \nBpewms:

{TimeSpan.FromSeconds (playerTimeSeconds) :mm\\:ss\\.ff£f}");
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// TpoBepseMm, »owes Jn yxe 60T

CheckIfBothFinished() ;

private void GameForm Load(object sender, EventArgs e)

{

private void GameForm Resize (object sender, EventArgs e)

{

// Tlpu mM3MeHeHUM pasMmepa GOPMEl [ePeCUMTHBAEM [103ULUN

naHeJen
if (playerMazePanel != null && botMazePanel != null)

{

int panelSize = ComplexityMaze * cellSize + 20;

playerMazePanel.Location = new Point (
(this.ClientSize.Width / 2 - panelSize) / 2,
(this.ClientSize.Height - panelSize) / 2

)7

botMazePanel.Location = new Point(
this.ClientSize.Width / 2 +
(this.ClientSize.Width / 2 - panelSize) / 2,
(this.ClientSize.Height - panelSize) / 2

)7

Control exitButton =
this.Controls.OfType<Button> () .FirstOrDefault () ;
if (exitButton != null)
{
exitButton.Location = new
Point (this.ClientSize.Width - 120, 20);
}

}
public class DoubleBufferedPanel : Panel

{
public DoubleBufferedPanel ()

{
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this.DoubleBuffered = true;
this.SetStyle (ControlStyles.AllPaintingInWmPaint

ControlStyles.UserPaint |
ControlStyles.OptimizedDoubleBuffer,

true);

}

private void SaveGame (string filePath)
{

try

{

var save = new GameSave

Complexity = ComplexityMaze,

SaveDate = DateTime.Now,

// CoxpaHseM MNO3ULMUID MIPOKA B KIJIETKaX
PlayerPosition = new Point(
(player.PictureBox.Left -
playerMazePanel.Location.X - 10) / cellSize,
(player.PictureBox.Top -
playerMazePanel.Location.Y - 10) / cellSize
)

// CoxpaHsgeMm MMo3uLMO 00Ta B KJIIETKaX
BotPosition = new Point(
(bot.PictureBox.Left -
botMazePanel.Location.X - 10) / cellSize,
(bot.PictureBox.Top -
botMazePanel.Location.Y - 10) / cellSize
)y

PlayerFinished = playerFinished,

BotFinished = botFinished,

PlayerTimeSeconds = playerTimeSeconds,

BotTimeMs = botTimeMs,

ElapsedSeconds =
gameTimer?.GetElapsedSeconds () ?? O,

IsBotMoving = bot?.IsMoving ?? false

}s

// CoxpaHseM CTeHH JIabMpPMHTa KakK CIMCOK
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save.MazeWalls = new List<CellWalls>();
for (int x = 0; x < maze.Width; x++)
{
for (int y = 0; y < maze.Height; y++)
{
var cell = maze.Cells[x, y];
save.MazeWalls.Add (new CellWalls
{
X = x,
Y =y,
TopWall = cell.topWall,
RightWall = cell.rightWall,
BottomWall = cell.downWall,
LeftWall = cell.leftWall

// Cepuanusyem B JSON
var json = JsonSerializer.Serialize (save, new
JsonSerializerOptions { WriteIndented = true });

File.WriteAllText (filePath, json);

MessageBox.Show ("Vrpa coxpanena!", "CoxpaHeHue",
MessageBoxButtons.OK, MessageBoxIcon.Information);

}
catch (Exception ex)
{
MessageBox.Show ($"Oumbka COXpaHeHUs :
{ex.Message}", "Oumbka", MessageBoxButtons.OK, MessageBoxIcon.Error);

}

private void LoadGame (string filePath)
{
try
{
if (!File.Exists (filePath))
{
MessageBox.Show ("®arnyn coxpaHeHus He HaumeH!",
"Oumbxa", MessageBoxButtons.OK, MessageBoxIcon.Error);

return;
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var json = File.ReadAllText (filePath);

var save =

JsonSerializer.Deserialize<GameSave> (json);

if (save == null)
{
MessageBox.Show ("Herepurent dopmMaT dania
coxpaHeHusa!", "Oumbka", MessageBoxButtons.OK, MessageBoxIcon.Error);

return;

// OcTaHaBIMBaeM M yIajigseM CTapoTo 00Ta I[IOJHOCTHI
if (bot != null)
{

bot.StopMoving () ;

bot.PictureBox.Dispose () ;

bot = null;

// BoccTaHaBIMBaEM CJOXHOCTEb

ComplexityMaze = save.Complexity;

// Tlepecos3maeMm JiaBGVPUHTH

InitializeMaze() ;

// BoccTaHaBJMBAaeM CTEHH M3 CIMUCKA
foreach (var cellWalls in save.MazeWalls)
{
if (cellWalls.X < maze.Width && cellWalls.Y <
maze.Height)

var cell = maze.Cells[cellWalls.X,
cellWalls.Y];

cell.topWall = cellWalls.TopWall;

cell.rightWall = cellWalls.RightWall;

cell.downWall = cellWalls.BottomWall;

cell.leftWall = cellWalls.LeftWall;

// KomupyeMm B jiabupuHT ©GoTa

var botCell =
mazeForBot.Cells[cellWalls.X, cellWalls.Y];

botCell.topWall = cellWalls.TopWall;
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save.PlayerPosition.X *

save.PlayerPosition.Y *

no3uLmen

botCell.rightWall = cellWalls.RightWall;
botCell.downWall = cellWalls.BottomWall;
botCell.leftWall = cellWalls.LeftWall;

// BoccTaHaBIMBAEM I[IO3ULMID UIPOKa
player.PictureBox.Location = new Point (
playerMazePanel.Location.X + 10 +
cellSize + cellSize / 4,
playerMazePanel.Location.Y + 10 +
cellSize + cellSize / 4

) ;

// BocCCTaHaBJIMBAEM COCTOSHME WUI'PHL
playerFinished = save.PlayerFinished;
botFinished = save.BotFinished;
playerTimeSeconds = save.PlayerTimeSeconds;
botTimeMs = save.BotTimeMs;

resultsShown = false;

// BoccTaHaBiMBaeM TalMep

if (gameTimer != null)

{
gameTimer.StopTimer () ;
// 3HOech HYXHO YCTAHOBUTL BPEMS M3 COXPaHEHUS
// IDoBaebTe B TimerForGame meTon SetTime:

// gameTimer.SetTime (save.ElapsedSeconds);

// Temepb co3IaeM HOBOTO 00Ta C MIPaBWJILHOM

// HyxHO m3MeHMTb InitializeBot, uToOH OH

IIPMHVIMAJI HadvaJIbHYIO I[1O3UMLINMIO

save.BotPosition.Y) ;

InitializeBotWithPosition (save.BotPosition.X,

if (save.IsBotMoving && !botFinished)

{
bot.StartMoving () ;

// OBHOBJIIEM OTPUCOBKY
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playerMazePanel.Invalidate();

botMazePanel.Invalidate () ;

MessageBox.Show ($"Virpa 3arpyxena!\nCoxpaHeHO:
{save.SaveDate}", "3arpyzkxa",
MessageBoxButtons.OK,
MessageBoxIcon.Information) ;

}

catch (Exception ex)

{

MessageBox.Show ($"Oumbka 3arpy3ku: {ex.Message}",
"Ommbxa", MessageBoxButtons.OK, MessageBoxIcon.Error);
}
}

private void InitializeBotWithPosition(int startCellX,

int startCellY)

if (mazeForBot == null) return;

// Cozmaem GoTa C JabuUpPMHTOM 1Jid OoTa
Point botMazeOffset = new Point (10, 10);
bot = new Bot (mazeForBot, cellSize, botMazeOffset);

// YcraHaBaIMBaeM HadaJIbHYD [HO3MLMI 6oTa
bot.PictureBox.Location = new Point (
botMazePanel.Location.X + botMazeOffset.X +

startCellX * cellSize + cellSize / 4,
botMazePanel.Location.Y + botMazeOffset.Y +

startCellY * cellSize + cellSize / 4
)7

// IoGaBjysgeMm OoTa Ha naHejib OoTa
botMazePanel.Controls.Add (bot.PictureBox) ;

bot.PictureBox.BringToFront () ;

// TlepecumMTEBaEeM IIyTh OT TEeKylel NO3UUMUU OO0 buruHuma
RecalculateBotPathFromPosition(startCellX,

startCellY) ;

bot.OnBotFinished += (s, e) =>

{
botFinished = true;

botTimeMs = bot.GetElapsedTimeMs () ;
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Debug.WriteLine ($"Bor mowesn no ouumma! Bpewms:

{botTimeMs} mc");

bwmnHmma ! \nBpewms:

ShowTemporaryMessage ($"BoT nowej 1o

{TimeSpan.FromMilliseconds (botTimeMs) :mm\\:ss\\.£££}");

CheckIfBothFinished() ;
}i

private void RecalculateBotPathFromPosition (int

startCellX, int startCellY)

buHMma

HOBOT'O IIyTM:

{

// HepeCLH/ITbIBaeM IIyThe OT COXpaHeHHOIZ nosmuum no

var path = WaveAlgorithm.FindPath (mazeForBot,

new Point (startCellX, startCellY),

new Point (mazeForBot.Width -

// 3mece HyXHO OBHOBMTHL yTh OOTa

1, mazeForBot.Height

// BaM HYXHO noBaBMThb METOI B KJlacC Bot mig yCTaHOBKMU

// bot.SetPath (path) ;

MainMenu.cs:

using WinFormsAppl.Class;

namespace WinFormsAppl

{

public partial class MainMenu : Form

{

private bool isMenuVisible = false;
private Panel menuPanel;

private Player player;

int complexity = 10;

private TimerForGame gameTimer;

public MainMenu ()
{

/ /UMHULMAaIM3aLumsa BCeIro

InitializeComponent () ;
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InitializePlayer();
SpawnButton () ;

InitializeMenuPanel () ;

this.DoubleBuffered = true;
this.KeyDown += MainMenuForm KeyDown;

this.BackColor = Color.Black;

CreateTimerObj () ;

public void CreateTimerObj ()
{
gameTimer = new TimerForGame (this.ClientSize, this);

gameTimer.CreateTimer () ;

private void SpawnButton ()

{
this.WindowState = FormWindowState.Maximized;
this.FormBorderStyle = FormBorderStyle.None;
this.KeyPreview = true;

this.BackColor = Color.Black;

Button startButton = new Button();
startButton.Text = "Start";
startButton.Size = new Size (
(int) (this.ClientSize.Width * 0.30),
(int) (this.ClientSize.Height * 0.10)
)
startButton.Location = new Point (
(this.ClientSize.Width - startButton.Width) / 2,
(int) (this.ClientSize.Height * 0.4)
)7
startButton.BackColor = Color.DarkBlue;
startButton.ForeColor = Color.White;
float fontSize = startButton.Height * 0.3f;
startButton.Font = new Font ("Arial", fontSize,
FontStyle.Bold) ;
startButton.FlatStyle = FlatStyle.Flat;
startButton.FlatAppearance.BorderSize = 2;

startButton.FlatAppearance.BorderColor = Color.White;
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startButton.Click += StartGame;
this.Controls.Add (startButton);

Button exitButton = new Button();

exitButton.Text = "Exit";

exitButton.Size = startButton.Size;

exitButton.Location = new Point(
(this.ClientSize.Width - exitButton.Width) / 2,
(int) (this.ClientSize.Height * 0.55)

)

exitButton.BackColor = Color.DarkRed;

exitButton.ForeColor = Color.White;

exitButton.Font = new Font ("Arial", fontSize,

FontStyle.Bold) ;
exitButton.FlatStyle = FlatStyle.Flat;
exitButton.FlatAppearance.BorderSize = 2;

exitButton.FlatAppearance.BorderColor = Color.White;

exitButton.Click += Exit clic;

this.Controls.Add (exitButton) ;

Button complexityChoice = new Button();
complexityChoice.Text = "Complexity";
complexityChoice.Size = startButton.Size;

complexityChoice.Location = new Point (
(this.ClientSize.Width - exitButton.Width) / 2 +
200,
(int) (this.ClientSize.Height * 0.55) + 200
)7
complexityChoice.BackColor = Color.DarkRed;
complexityChoice.ForeColor = Color.White;
complexityChoice.Font = new Font ("Arial", fontSize,
FontStyle.Bold) ;
complexityChoice.FlatStyle = FlatStyle.Flat;
complexityChoice.FlatAppearance.BorderSize = 2;
complexityChoice.FlatAppearance.BorderColor =
Color.White;
complexityChoice.Click += ComplexityChoice;

this.Controls.Add (complexityChoice) ;

private void InitializeMenuPanel ()

{
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// Co3maem mnaHesb MEHIO

menuPanel = new Panel ();

menuPanel.Size = new Size (300, 200);

menuPanel.Location = new Point (
(this.ClientSize.Width - 300) / 2,
(this.ClientSize.Height - 200) / 2

)i

menuPanel .BackColor = Color.DarkSlateBlue;

menuPanel .BorderStyle = BorderStyle.FixedSingle;

menuPanel.Visible = false; // lM3HauajbHO CKPHTA

// IoBapiygeM 3aT'0JIOBOK

Label titleLabel = new Label();

titleLabel.Text = "Choice";

titleLabel.Font = new Font ("Arial", 14,
FontStyle.Bold) ;

titleLabel.ForeColor = Color.White;

titleLabel.Size = new Size (280, 30);

titlelLabel.Location = new Point (10, 10);

titleLabel.TextAlign = ContentAlignment.MiddleCenter;

menuPanel.Controls.Add (titleLabel) ;

// Kuomnkxa "Jlerxo"

Button easyButton = new Button();
easyButton.Text = " (5x5)";
easyButton.Size = new Size (200, 40);

easyButton.Location = new Point (50, 50);

easyButton.BackColor Color.Green;
easyButton.ForeColor = Color.White;
easyButton.Font = new Font ("Arial", 10,
FontStyle.Bold) ;
easyButton.Click += (s, e) =>
{
complexity = 5;
HideMenu () ;
MessageBox.Show ("5 X 5!");
}i

menuPanel.Controls.Add (easyButton) ;

// Kuonka "Cpenue"
Button mediumButton = new Button();
mediumButton.Text = " (10x10)";

mediumButton.Size = new Size (200, 40);
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mediumButton.Location = new Point (50, 100);

mediumButton.BackColor Color.Orange;
mediumButton.ForeColor = Color.White;
mediumButton.Font = new Font ("Arial", 10,
FontStyle.Bold) ;
mediumButton.Click += (s, e) =>
{
complexity = 10;
HideMenu () ;
MessageBox.Show ("10 X 10!");
}i

menuPanel.Controls.Add (mediumButton) ;

// Kuonka "CJjoxHO"
Button hardButton = new Button();
hardButton.Text = " (15x15)";
hardButton.Size = new Size (200, 40);
hardButton.Location = new Point (50, 150);
hardButton.BackColor = Color.Red;
hardButton.ForeColor = Color.White;
hardButton.Font = new Font ("Arial", 10,
FontStyle.Bold) ;

hardButton.Click += (s, e) =>
{

complexity = 15;

HideMenu () ;

MessageBox.Show ("15 X 15!");
}i
menuPanel .Controls.Add (hardButton) ;

// KHONKA 3aKPBITUS MEHO

Button closeButton = new Button();

closeButton.Text = "?2";

closeButton.Size = new Size (30, 30);

closeButton.Location = new Point (260, 5);

closeButton.BackColor = Color.DarkRed;

closeButton.ForeColor = Color.White;

closeButton.Font = new Font ("Arial", 12,
FontStyle.Bold) ;

closeButton.Click += (s, e) => HideMenu();

menuPanel.Controls.Add (closeButton) ;

this.Controls.Add (menuPanel) ;
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menuPanel .BringToFront () ;

private void ShowMenu ()

{
isMenuVisible = true;
menuPanel.Visible = true;

menuPanel .BringToFront () ;

// BaTemHsaeM (QOH
foreach (Control control in this.Controls)

{
if (control != menuPanel)

control.Enabled = false;

private void HideMenu ()

{
isMenuVisible = false;

menuPanel .Visible = false;

// BoccraHaBauBaeMm (GOH
foreach (Control control in this.Controls)

{

control.Enabled = true;

private void ComplexityChoice (object sender, EventArgs e)

{

ShowMenu () ;

private void StartGame (object sender, EventArgs eventArgs)

{
GameForm gameForm = new GameForm (complexity);

var result = gameForm.ShowDialog () ;

if (result == DialogResult.Retry)
{

// Tlosib30BaATEJIb XOUEeT HOBYID UTPY

StartGame (sender, eventArgs);
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else

this.Show(); // Boz3Bpamaemcs B MeHIO

}

private void Exit clic(object srnder, EventArgs e)

{
this.Close();

private void InitializePlayer ()
{
player = new Player();

this.Controls.Add (player.PictureBox) ;

player.PictureBox.BringToFront(); // Yrobe ObUl NOBEPX

OPYyI'MX 3JIEMEHTOB

playerSize);

KeyEventArgs e)

ResizePlayer (); // llepBoHauasibHasg yCTaHOBKAa pas3Mepa

}

private void ResizePlayer ()

{

int playerSize = (int) (this.ClientSize.Width * 0.08);

player.PictureBox.Size = new Size (playerSize,

player.PictureBox.Location = new Point (
(int) (this.ClientSize.Width * 0.1),
(int) (this.ClientSize.Height * 0.8)

private void MainMenuForm KeyDown (ocbject sender,

int deltaX = 0, deltaY = 0;

switch (e.KeyCode)

{
case Keys. deltaY = -player.Speed; break;
case Keys. delta¥Y = player.Speed; break;

case Keys. deltaX = -player.Speed; break;

o » n =

case Keys. deltaX = player.Speed; break;
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player.Move (deltaX, deltaY);
player.CheckBoundaries (this) ;

private void MainMenu Load(object sender, EventArgs e)

{

ResultForm.cs:

using System;
using System.Drawing;

using System.Windows.Forms;

namespace WinFormsAppl
{
public partial class ResultForm : Form
{
public TimeSpan PlayerTime { get; set; }
public TimeSpan BotTime { get; set; }
public string Winner { get; set; } = "";

public Color WinnerColor { get; set; } = Color.Gray;

private Label playerTimeLabel;
private Label botTimeLabel;
private Label difflLabel;

private Label winnerLabel;

public ResultForm()
{

InitializeForm() ;

SetupControls () ;

private void InitializeForm()

{
// HacTpomku GOpMEL

this.Text = "PesymnbTaTe UITps";
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this.Size = new Size (600, 600);

this.StartPosition = FormStartPosition.CenterScreen;
this.BackColor = Color.FromArgb (240, 240, 240);
this.FormBorderStyle = FormBorderStyle.FixedDialog;
this.MaximizeBox = false;

this.MinimizeBox = false;

this.AutoScaleMode = AutoScaleMode.Font;

private void SetupControls()

{
// 3arosoBok
Label titlelLabel = new Label();
titleLabel.Text = "UTOI'M T'OHKU";
titleLabel.Font = new Font ("Arial", 24,

FontStyle.Bold) ;

titlelLabel.ForeColor = Color.DarkBlue;
titleLabel.Size = new Size (400, 50);
titleLabel.Location = new Point (25, 20);
titleLabel.TextAlign = ContentAlignment.MiddleCenter;
this.Controls.Add (titleLabel) ;

// TlaHeJsb 10Jig Pes3yJIbTaTOB MIPOKa

Panel playerPanel = new Panel();

playerPanel.Size = new Size (400, 70);
playerPanel.Location = new Point (25, 90);
playerPanel.BackColor = Color.LightBlue;
playerPanel .BorderStyle = BorderStyle.FixedSingle;
this.Controls.Add (playerPanel);

Label playerTitle = new Label();

playerTitle.Text "MT'POK";

playerTitle.Font = new Font ("Arial", 14,
FontStyle.Bold) ;

playerTitle.ForeColor = Color.DarkBlue;

playerTitle.Size = new Size (100, 30);

playerTitle.Location = new Point (10, 20);

playerTitle.TextAlign = ContentAlignment.MiddleLeft;

playerPanel.Controls.Add (playerTitle);
playerTimeLabel = new Label () ;
playerTimeLabel.Font = new Font("Consolas", 18,

FontStyle.Bold);
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playerTimelabel.ForeColor = Color.Black;

playerTimelabel.Size = new Size (200, 30);

playerTimelabel.Location = new Point (180, 20);

playerTimeLabel.TextAlign =
ContentAlignment.MiddleRight;

playerPanel.Controls.Add (playerTimeLabel) ;

// TaHesb oIS pes3yjbTaToB 6oTa

Panel botPanel = new Panel();

botPanel.Size = new Size (400, 70);
botPanel.Location = new Point (25, 170);
botPanel.BackColor = Color.LightCoral;
botPanel.BorderStyle = BorderStyle.FixedSingle;
this.Controls.Add (botPanel) ;

Label botTitle = new Label();

botTitle.Text = "BOT";

botTitle.Font = new Font ("Arial", 14, FontStyle.Bold);
botTitle.ForeColor = Color.DarkRed;

botTitle.Size = new Size (100, 30);

botTitle.Location = new Point (10, 20);
botTitle.TextAlign = ContentAlignment.MiddlelLeft;
botPanel.Controls.Add (botTitle);

botTimeLabel = new Label ();

botTimelLabel.Font = new Font ("Consolas", 18,
FontStyle.Bold) ;

botTimeLabel.ForeColor = Color.Black;

botTimelLabel.Size = new Size (200, 30);

botTimeLabel.Location = new Point (180, 20);

botTimeLabel.TextAlign = ContentAlignment.MiddleRight;

botPanel.Controls.Add (botTimeLlabel) ;

// PasHulla BO BpPEMEHU

difflLabel = new Label();

diffLabel.Font = new Font ("Arial", 12,
FontStyle.Bold) ;

diffLabel.Size = new Size (400, 30);

diffLabel.Location = new Point (25, 250);

difflLabel.TextAlign = ContentAlignment.MiddleCenter;

this.Controls.Add (diffLabel) ;

// Tobermurenb
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FontStyle.Bold) ;

FontStyle.Bold) ;

FontStyle.Bold) ;

winnerLabel = new Label();

winnerLabel.Font = new Font ("Arial", 16,

winnerLabel.Size = new Size (400, 40);

winnerLabel.Location = new Point (25, 290);

winnerLabel.TextAlign = ContentAlignment.MiddleCenter;

this.Controls.Add (winnerLabel) ;

// KHOIKa HOBOM WUIPEH

Button newGameButton = new Button();
newGameButton.Text = "HOBAS WUI'PA";
newGameButton.Size = new Size (150, 40);

newGameButton.Location = new Point (75, 340);

newGameButton.BackColor Color.Green;
newGameButton.ForeColor = Color.White;

newGameButton.Font = new Font ("Arial", 12,

newGameButton.FlatStyle = FlatStyle.Flat;
newGameButton.Click += (s, e) =>
{
this.DialogResult = DialogResult.Retry;
this.Close();
}i
this.Controls.Add (newGameButton) ;

// KHomka BEIXOIA B MEHI

Button menuButton = new Button();
menuButton.Text = "B MEHK";
menuButton.Size = new Size (150, 40);
menuButton.Location = new Point (225, 340);
menuButton.BackColor = Color.Blue;
menuButton.ForeColor = Color.White;

menuButton.Font = new Font ("Arial", 12,

menuButton.FlatStyle = FlatStyle.Flat;

menuButton.Click += (s, e) =>

{
this.DialogResult = DialogResult.OK;
this.Close();

}i

this.Controls.Add (menuButton) ;

// OOHOBJIAEeM IaHHEE I[IOCJIe CO3IaHMA 3BJIEMEHTOB
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this.Load += (s, e) => UpdateResults():;

private void UpdateResults()
{
// OGHOBIIseM BpeMs MUTPOKa
playerTimeLabel.Text =
PlayerTime.ToString (@"mm\:ss\.f££f");

// OBHOBJAEeM BpeMmda GoTa

botTimeLabel.Text = BotTime.ToString (@"mm\:ss\.fff");

// PasHulla BO BpPEeMeHU
TimeSpan difference = PlayerTime - BotTime;
string diffText = "";
Color diffColor

Color.Black;

if (difference.TotalMilliseconds > 0)
{
diffText = $"BoT OricTpee Ha:
{difference:mm\\:ss\\.f£f£}";
diffColor = Color.DarkRed;
}
else if (difference.TotalMilliseconds < 0)
{
diffText = $"Urpok OwicTpee Ha: {-
difference:mm\\:ss\\.fff}";
diffColor = Color.DarkBlue;

else

diffText = "Bpema ommHaxkosoe!";

diffColor = Color.DarkGreen;

diffLabel.Text = diffText;
diffLabel.ForeColor = diffColor;

// Tobemuresnn

string winnerText = string.IsNullOrEmpty (Winner)
"IIOBEINTEJIL HE OIPENEJIEH" : S$"IOBEIMTEJIb: {Winner.ToUpper () }";

winnerLabel.Text = winnerText;

winnerLabel.ForeColor = WinnerColor;
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CTpyKTypa npoexra:
Search Solution Explorer (Ctrl+;)
& 7 Solution "WinFormsipp1' (1 of 1 project)
4 @ [c# WinFormsApp1
b &2 Dependencies
4 & ) Algoritms
[+ & C# Wavellgorithm.cs
4 & Class
[ & C# Bot.cs
» & O Cellcs

» & C# GameSave.cs

» & C# Player.cs

[
[
[ &Cc# Maze.cs
[
[

C# Timer.cs
4 & ] Forms
ameForm.cs
¢ GameForm
I+ & C# GameForm.Designer.cs
& [ GameForm.resx
MainMenu.cs
“z MainMenu
& C# MainMenu.Designer.cs
& [ MainMenu.resx
esultForm.cs
ResultForm
& [ ResultForm.resx
4 & P Textures
& [ minecraft-stev.qgif
& [ minecraft-stevFlip.gif
& [ Salit.qgif
& [ .gitattributes
& [ .gitignore
Program.cs
@z Program

& [H Kypcaq.docx
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