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MO DAU

Ngay ndy, nganh cong nghiép game da trd thanh mot phan khong thé thiéu cua giai
tri toan cau. Nguoi choi ngay cang mong doi cac tro choi co thé gidi rong 16n, cdt truyén
phong phu va trai nghiém choi méi mé mdi khi quay lai. Diéu ndy doi héi cac nha phat
trién game phai tim cach tao ra lwong 16n ndi dung ma van dam bao chat lugng va tinh
sang tao.

Procedural Content Generation (PCG) 1a mot phuong phap sir dung thuat toan dé tu
dong tao ra cac ndi dung sé ma khong can sy can thiép thi cong. Trong nganh cong
nghiép game, PCG déng vai trd quan trong trong viéc tao ra cac yéu té nhu dia hinh,
man choi, c6t truyén, nhan vat, va tham chi 1 4m thanh[2]. Khac v&i phuong phap
truyén thong, PCG giup tao ra ndi dung phong phu, da dang va co tinh ngau nhién cao,
tor d6 nang cao trai nghiém cua nguoi choi.[3]

Procedural Content Generation (PCG) dap tng dugc nhu cau tao ra luong 16n ndi
dung bang cach cho phép tu dong tao ra ndi dung game, tir canh quan, dia hinh dén cac
nhiém vu va thtr thach trong game. Viéc st dung PCG khong chi giup tiét kiém thoi
gian va cong stc ma con md ra kha nang tao ra nhiing trai nghiém choi doc ddo, mang
tinh ngAu nhién va bat ngd, gitp tro choi cé kha niang 16i kéo ngudi choi quay lai. Vi
PCG, cac man choi ¢ thé duoc tao ra ty dong dua trén cac thuat toan va quy tic nhat
dinh, gitip giam thiéu cong viéc 1ap di lap lai va cho phép ddi ngii phat trién tap trung
vao nhitng khia canh sang tao hon cua tro choi.Ngoai ra, viéc st dung PCG con giup
giam thiéu 15i trong qua trinh thiét ké man choi. Cac thuat toan PCG c6 thé duoc lap
trinh dé tuan thu cac quy tdc nhat dinh, dam bao réng c4c man choi dugc tao ra déu co
cau trac hop 1y, dd khé phu hop va khong giy ra nhitng 18i nghiém trong anh hudng
dén trai nghiém ciia ngudi choi.

Muc tiéu ciia dé tai ndy 1a nghién ctru cac thuat toan PCG va phat trién hé thong tng
dung k¥ thuat PCG dé sinh ra cac man choi ty dong, dam bao sy da dang, thi vi va
thach thirc cho ngudi choi ma khong can sy can thiép thi cong nhiéu tir phia nha phat

trién
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CHUONG 1. COSO LY THUYET
1.1 Xu thé phat trién cta nganh cong nghiép tro choi dién tir va nhu ciu tw dong
hoa thiét ké man choi
1.1.1. Xu thé phét trién cia nganh cong nghigp game hién dgi

Nganh céng nghiép trd choi dién tir trong thé ky 21 dang ching kién sy ting trudng
manh mé& ca vé quy mo thi truong, sd luong ngudi dung va céng nghé phat trién. Trong bdi
canh do, cac nha phat trién game budc phai thay ddi chién lugce, tr viéc tap trung vao dd hoa
va ¢t truyén, chuyén sang chu trong dén trai nghiém ngudi dung, su ¢4 nhan hoa va kha ning
cap nhat ndi dung nhanh chéng

Mot trong nhitng xu thé ndi bat hién nay 1a sy phat trién ciia cac tro choi c6 tinh ca
nhan hoa cao, kha nang tuong tac sdu va moi truong choi dugce cap nhat lién tuc. Thay vi chi
tap trung vao dd hoa hodc cot truyén, cac nha phat trién hién nay chu trong vao thiét ké trai
nghiém ngudi dung thong qua hé théng gameplay phong phi, co ché choi linh hoat va dic
biét 1a sy da dang trong hé théng man choi (level design).. Pé dap ing dugc nhu cau do, viéc
phat trién va duy tri kho ndi dung man choi chat lugng cao dang trd' thanh mot thach thic
khong nho ddi véi cac studio game. Viée nay dit ra nhimg yéu cau cao hon doi voi khau thiét
ké va phat trién noi dung game.

1.1.2. Céc théach thic trong viéc phéat trién man choi trong tro choi dién tir hién nay

Trong bdi canh nganh cong nghiép tro choi dién tir ngdy cang phat trién manh mé, thiét
ké man choi (level design) dang dong vai tro then chdt trong viéc ning cao chét lugng trai
nghiém cua nguoi dung.

Tuy nhién, qué trinh phat trién man choi truyén théng hién dang ddi mat voi nhidu
thach thtrc ca vé k¥ thuat 1an chi phi, ddc biét trong cac du 4&n game quy mo 16n hodc co6 tinh
lién tuc cao. Nhirng kho khin nay dit ra nhu cau cap thiét vé cac giai phap méi nham tbi uu
hoa quy trinh thiét ké noi dung, trong d6 k¥ thuat Procedural Content Generation (PCG) ni
1én nhu mot hudng di day trién vong

Thir nhat, chi phi va thoi gian phét trién 12 mot rao can 16n trong thiét ké man choi.
DPdi voi céc trod choi thuong mai (AAA), vi¢c xay dung mdt man choi céd thé tiéu ton hang
tuan dén hang thang, yéu ciu su phdi hop chit ché& giita cac bo phan thiét ké, 1ap trinh va do
hoa dé dam bao dong bo vé mat logic va thim my

Thi hai, vin dé vé sy da dang va chat luong ndi dung ciing 13 mot yéu t6 dang luu y.
Trong cac trd choi ¢ sé lugng 16n man choi nhu game di dong hodc game platform truyén
thdng, viéc thiét ké noi dung thu cong thuong dan dén tinh trang lip lai vé bd cuc, thir thach

va trai nghiém
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Thir ba, yéu ciu cap nhat ndi dung lién tuc trong mé hinh kinh doanh “Game as a
Service” (GaaS) cling dit ra ap luc 16n Ién viéc dam bao tién do, chat lugng va tinh nhat quan
vé mat logic ctia cac man choi méi trong khi van duy tri tc d6 phat trién cao 1a mot thach
thirc 16n di v6i mé hinh thiét ké thu cong truyén thong

Vi su phat trién vuot bac cua céac k¥ thuat tri tu¢ nhan tao va hoc may trong thap ky
gan day, PCG khong con chi dirng lai & viée tao ban db hodc moi trudng ngau nhién don gian,
no c6 kha nang hoc tir dit liéu thue, phan tich hanh vi ngudi choi va sinh ra cac kich ban phu
hop v6i logic thiét ké, cap do thir thach ciing nhu dong luc trai nghiém cua ngudi dung [45].
1.2 Gigi thigu vé ky thuat Procedural Content Generation (PCG)

1.1.1. Téng quan vé Procedural Content Generation (PCG)

K¥ thuat tao ndi1 dung tw dong, con goi la Procedural Content Generation (PCG), dugc
dinh nghia la qua trinh tao ra ndi dung tro choi mét cach ty dong hodc ban ty dong thong qua
viéc sir dung cac thuét toan, thay vi thiét ké thil cong tirg thanh phan ndi dung bdi con nguoi.
K§ thuat ndy dong vai tro quan trong trong viéc giam tai khéi lugng cong viée cho cac nha
thiét ké tro choi, dong thoi mang dén trai nghiém phong phu, ngau nhién, khong lap lai va co
thé c4 nhan héa cho nguoi choi.

Bén canh viéc trng dung trong viéc sinh ban dd, thiét ké céu trac, tao nhiém vu, sinh
hinh anh hay tao nhan vat, k¥ thuat PCG con mé rong irng dung ra ngoai pham vi tro choi.
Cu thé, PCG da dugc nghién ctu va trién khai trong cac linh vyc nhu mo phong kién trac
d6 thi, thiét ké nghé thuat k¥ thuat sd, san xuat phim hoat hinh va dao tao mo hinh tri tué

nhan tao

Hinh 1 Ung dung PCG hé tro tw tao map trén Unity
1.1.2. Phén logi cac ky thudt PCG

Céc loai k¥ thuat PCG duogc chia theo thoi diém sir dung hodac murc dd can thi€p cua
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con nguoi, nhung cac k¥ thuat PCG duogc phan loai chinh theo k¥ thuat sinh ndi1 dung
o Theo ky thuat sinh ndi dung:
Ky thudt dwa trén lugdt (Rule-based Generation)
K§ thuat nay st dung cac tap luat ¢ dinh hodc cac quy tic hinh thirc dé diéu khién
qua trinh sinh n6i dung. Cac ludt co thé la:
o L-systems (Lindenmayer systems)
« Context-free grammars (CFGs)
« Grammar-based procedural modeling.
K thudt duwa trén tim kiém (Search-based PCG)

K¥ thuat nay xem noi dung la mot bai toan tdi wu, sir dung cac thuat toan tim kiém

hodc tién hoa dé tim ra cAu hinh noi dung tdt nhat thoa man ham muc tiéu.

Céc thuat toan pho bién:

o Genetic Algorithm (GA):
« Simulated Annealing, A*, Monte Carlo Tree Search (MCTS).
« Evolution Strategies, Particle Swarm Optimization (PSO).
Ky thudt dwa trén hoc may (Machine Learning-based PCG)
Céac phan mém hoc may hoc tir tap dit liéu mau dé sinh ndi dung twong ti. Ching co
thé 1a:
« Supervised Learning: Hoc tir cip dit liéu dau vao — dau ra.
« Unsupervised Learning: Nhu autoencoders dé hoc biéu dién triru tuong.
« Reinforcement Learning (PCGRL)
. Deep Generative Models: Bao gdom GAN (Generative Adversarial Networks),
RNN (Recurrent Neural Networks), Transformer.
1.1.3. Khd ndng wng dung cua ky thudgt PCG

K§ thuat PCG dugc ung dung rong rai trong nhiéu khia canh cuia phét trién tro choi,
bao gém viéc sinh ban d6 ngéu nhién, tao nhiém vu, tao ddi thu hodc NPC, vat phém, cling
nhu dbi thoai tuong tac.

Trong linh vyc mo6 phong va huén luyén tri tu¢ nhan tao, PCG gitp tao ra hang loat
moi trudong huén luyén da dang, tur do hd trog cac mo hinh hoc sau hodc cac hé théng xe tu
hanh tiép can dugc voi cac kich ban hiém gap, kho tai hién trong thuc té.

Trong gido duc va dao tao, PCG dong vai tro 1a cong cu tao ra cac ndi dung ca nhan

hoa, chéng han nhu tao bai tdp hodc cau hoi kiém tra phu hop v6i nang luc ting hoc sinh.
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Ngoai ra, cac tro choi sir dung PCG ciing dugc tng dung dé mo phong cac hién twong khoa
hoc, phan rng sinh hoc hodc qua trinh vat 1y trong moi truong hoc tap.

Bén canh do6, trong linh vuc kién trac va quy hoach d6 thi, PCG dugc str dung dé tao
ra cac thiét ké toa nha, canh quan, hodc cac phwong an bé tri mit bang dua trén cac thong s6
dau vao nhat dinh.

1.1.4. Vai tro cia kj thugt PCG trong vigc phat trién cdc man choi

Trong linh vuc phat trién trod choi dién tir, mot man choi (level) duogc hiéu 12 mot don
vi cAu triac khong gian hodc logic ma ngudi choi phai twong tac va vuot qua dé dat duge mot
muc tiéu cu thé trong tién trinh choi. Ddi véi cac thé loai trd choi nhu platformer, puzzle,
roguelike, ... thiét ké man choi khong chi 12 mot yéu td quan trong trong viéc xay dung trai
nghiém ngudi ding, ma con chiém mot ty 1& dang ké trong tong chi phi phat trién tro choi [1].

Trudc thuc trang nay, k¥ thuat tao ndi dung tu dong (Procedural Content Generation —
PCG) di va dang dugc ing dung ngay cang rong rii nhu mot giai phap tiém ning nham ty
dong hoa qua trinh thiét ké man choi. Thong qua viéc str dung tap hop cac quy tic, thuat toan,
hodc mo6 hinh hoc may, PCG c6 kha nang tao ra hang tram dén hang nghin man choi khac
nhau v&i chi phi thiét ké thi cong ti thiéu, dong thoi van duy tri duoc tinh nhat quan vé logic
va thim my trong tro choi tong thé.

Viéc tich hop PCG trong thiét ké man choi mang lai nhiéu loi ich ndi bat nhu:

« Tiang kha ning choi lai (replayability) nhd noi dung ngau nhién, khong lip lai;

« Canhan hoa trai nghiém choi dua trén dic diém va ning luc ctia ting nguoi dung;

« Tao mdi truong hoc tip phong phi cho ca ngudi choi l14n cac hé thong tri tué nhan
tao trong tro choi hoc thich nghi (adaptive learning games).

MBbi cap do déu yéu cau thuat toan va chién lugc kiém soat riéng biét dé dam bao tinh
hop 1¢, tinh kha thi va gid tri thAm my trong trai nghiém nguoi choi.

1.3 Nghién ciru céc thuat toan PCG sir dung trong phat trién tw dong man choi
cho game

Viéc tao man choi béng PCG c6 thé str dung mdt hodc nhiéu k¥ thuat da duoc gioi
thiéu trong phan 1.1. Cac thuat toan PCG cho man choi c6 thé dugc phéan thanh cac nhom
chinh nhu sau:

Thuét toan dwa trén quy tic (Rule-based): Thuat toan nay sir dung mot tap hop cac quy
tac xac dinh trudc (predefined rules) dé diéu khién qua trinh tao ra noi dung tro choi, bao gom

ban do, vat thé, vi tri muc ti€u hoac cau tric nhiém vu.
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Nguyén ly hoat dong co ban ctia Rule-Based Generation 1a dinh nghia mot tap hop cac
luat (rules) mod ta cach cac phan tir trong game nén dugc phan bd hoic to chirc.

Thuat toan tim kiém va t6i wu héa (Search-based): Thuit todn ndy coi bai toan sinh ndi
dung —cu thé 1a ban d6 hodc ciu tric ctia mot man choi — 13 mot qué trinh t8i wu hoa.

Thuat toan dua trén rang budc (Constraint-based): Thuat toan nay st dung cac tap hop
rang budc (constraints) — tirc 1a cac quy tac, diéu kién hoac g161 han dugc xéac dinh trude — dé
dinh hudng qua trinh sinh ndi dung mot cach hop 1€, co kiém soat.

Thuat toan dua trén hoc may (Machine Learning-based): Thuit toan sé sinh ndi dung
tro choi b?mg cach st dung cac mo hinh hoc may dugc huin luyén tur tap dit licu mau (dataset).
1.4 Nghién ciru vé ly thuyét xac xuat, ly thuyét tré choi
1.4.1 Téng quan vé ly thuyét xac xudt

Ly thuyét x4c suat (Probability Theory) 1a mot nganh toan hoc chuyén nghién ctru cac
hién twong ngiu nhién, trong d6 két qua ciia mot qua trinh khong thé dy doan mét cach chac
chan, ma thay vao d6 duoc mo ta thong qua cac kha nang xay ra voi nhitng mirc do xac suét
khac nhau. Pay 1a nén tang 1y thuyét c¢bt 16i ciia nhiéu linh vuc hién dai nhu théng ké suy
dién, hoc may (machine learning), tri tué nhan tao (AI), xir 1y tin hiéu sd, ciing nhu trong thiét
ké cac hé thong tao ndi dung tu dong (procedural content generation).

Céc bién ngdu nhién trong thuc té thuong duge mo hinh hoa bang cac phan phdi xac

suét, tiy theo tinh chat roi rac hay lién tuc cia chung:

« Phan phdi roi rac: bao gdm phan phdi Bernoulli, Binomial va Poisson — phi hop véi
cac hién tuong dém sb lan xay ra cua mot su kién;

« Phan phdi lién tuc: bao gdm Uniform, Normal (Gaussian), va Exponential — thuong
ding trong cac bai toan lién quan dén thoi gian, khoang cach, hoic téc do;[28]

« Phén phdi ¢ diéu kién: déng vai tro quan trong trong cac hé thong hoc xac suat va
mo hinh héa quan h¢ nhéan qua, dac biét trong mang Bayes[28].

1.4.2 Tong quan vé Iy thuyét tro choi

Ly thuyét tro choi (Game Theory) 1a mét linh vuc lién nganh trong toan hoc ng dung,
kinh té hoc va khoa hoc may tinh, chuyén nghién ctru cac mé hinh tuong tac chién lugc gitra
cac tac nhan co 1y tri (rational agents). Muc tiéu chinh cua 1y thuyét trd choi 1a xac dinh cac
chién luoc tdi vu cho mdi tac nhan trong mdt tro choi, dya trén gia dinh réng tat ca cac bén

déu hanh xt mot cach hop 1y va c6 hiéu biét day du vé quy tic cua tro choi [18]
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Ly thuyét tro choi (Game Theory) 1a mét linh vyc 1ién nganh trong toan hoc tng dung,
kinh té hoc va khoa hoc may tinh, chuyén nghién ctru cic mé hinh twong tac chién lugc gitta
cac tac nhan co 1y tri (rational agents). Ly thuyét nay cung cip mot khung 1y thuyét toan dién
nham phan tich céic tinh huéng trong do hanh dong ctia mot doi tuong khong chi phu thudc
vVao quyét dinh ctua chinh n6 ma con phu thudc vao lya chon cua céc dbi tuong khac trong
cing mdi truong. Muc tiéu chinh cta Iy thuyét tro choi 13 xac dinh cac chién lugc tdi uu cho
mdi tac nhan trong mot tro choi, dya trén gia dinh réng tat ca cac bén déu hanh xir mot cach
hop 1y va c6 hiéu biét day du vé quy tic cua trd choi [18],

Mot khai niém quan trong trong 1y thuyét tro choi 1a can bang Nash (Nash Equilibrium)
— tinh hudng trong d6 khong ngudi choi nao c6 dong luc thay doi chién luoc ciia minh don
phuong vi ho da dat loi ich ti da, gia sir cic nguoi choi con lai khong thay d6i lya chon cta
minh [19].
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CHUONG 2. NGHIEN CUU LUA CHON MO HINH UNG DUNG
KY THUAT PCG TiCH HQP VAO PHAT TRIEN TU PONG TAO
RA CAC MAN CHOI CHO GAME

Trong chuong nay, dé tai s& nghién ctru va phan tich lya chon tir cac thuét toan trong

PCG tim hiéu & chuong 1 dé nghién ctru xdy dyng mot mo hinh phan mém tng dung k¥ thuat

PCG c6 thé tich hop hd trg tao ra cac man choi tu dong, dap tng nhu cu cia ngudi choi va

yéu cau cua nha phat trién.

2.1 M6 hinh phan mém sir dung ki thuat PCG dé tao sinh

Input Data Generator
(Random seed,
design rules, user
data, ...
A
Feedback Loop
3 e
Generated
Content

Evaluation
(Playability,
aesthetics, ...)

<« Generated

Content

Hinh 1. 1 M6 hinh téng quan phan mém ing dung kj thudt PCG tao sinh

Mot hé thdng phan mém 4p dung k¥ thudt Procedural Content Generation (PCG)

thudng dugc cau triic gdm bdn thanh phan chinh: (1) dau vao (input parameters), (2)

mo-dun sinh ndi dung (generation engine), (3) mo-dun danh gia chat lugng (evaluation

module), va (4) dau ra (generated content).

Thanh phan dau vao dong vai tro xac dinh cac dieu ki¢n khoi tao va gidgi han cho

qua trinh tao nodi dung. Céc théng sé dau vao anh huodng tryc tiép dén dic tinh ngiu

nhién, tinh da dang va mtrc d§ ca nhan héa ctia ndi dung dugc tao ra.

MO-dun sinh ndi dung la thanh phﬁn ¢6t 151, chiu trach nhiém tao ra cic ban do,
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nhiém vu, vat phém hodc ddi tuong trong tro choi dya trén dau vao da cung cfip. Viéc
lya chon thudt toan phu hop phu thudc vao loai ngi dung can tao, mirc do phtrc tap cua

thé gidi tro choi va yéu cau ve tinh ngau nhién hoac tinh logic.

Mo-dun danh gia chit lwong c6 vai tro dam bao rang ndi dung sinh ra dap Gng cac
tiéu chi thiét ké nhat dinh. Ddi véi cac hé thdng chuyén sau hon, md-dun nay con thuc
hién kiém tra chéo véi dir liéu thyc té dé phat hién cac truong hop 161 hodc cac kich ban
bat kha thi.

Két qua dau ra la noi dung tro choi da duoc tao va kiém duyét, cé thé duoc st dung
tryc tiép hodc tiép tuc tinh chinh théng qua vong 1ip phan hoi. Trong cac hé théng hién
dai

Vong Lip phan hdi (feedback loop) thuong duoc tich hop dé cai tién qua trinh sinh
n6i dung dya trén phan hoi cta ngudi choi hodc phan mém mé phong. Vong lip nay
cho phép hé théng hoc hoi va tu diéu chinh nham tao ra cac noi dung phu hgp hon voi
muc tiéu thiét ké va hanh vi nguoi choi

2.2 Phan tich kha nang wng dung cac thuat toan PCG tao man chei tw dong trong
cac thé loai game theo cdu tric man choi (level-based game)

Trod choi theo céu triic man choi (level-based games) 1a nhom game trong d6 nguoi
choi tién trién qua cac man choi riéng biét, duoc thiét ké v6i do kho va muc tiéu khac
nhau, vi vy cac thé loai game nay c6 thé ap dung cac thuat toan PCG nham tao ra hang
tram dén hang nghin man choi khac nhau véi chi phi thiét ké thu cong t6i thiéu, dong
thoi van duy tri duoc tinh nhat quan vé logic va thim my trong trd choi tong thé.

Trong nghién ctru ndy, em s& phan tich ap dung thuat toan PCG cho céc thé loai
game cdu tric man choi, cac thé loai game phd bién nhét cua loai game cu triic man
choi la: Roguelike games, Platformer games, Puzzle games

2.2.1 Ung dung cac thudt todn PCG tgo man choi tw déng cho thé logi game
Roguelike
Roguelike 13 mot thé loai trd choi dién tir c6 dic diém noi bat 1a thiét ké man choi theo
kiéu ngiu nhién, hé théng ban d6 dugc sinh dong mdi 1an choi, d6 kho cao, va co ché
"permadeath" (chét vinh vién khong luu game). Uu diém cua tro choi thé loai nay ndm ¢ kha
ning tao ra trai nghiém méi mé, khong lap lai giita cac 1an choi, tir 46 nang cao gia tri choi

lai (replayability) cho ngudi dung. Viéc ap dung k¥ thuat PCG vao thé loai game nay s& duoc
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ap dung chu yéu trong thanh phan (2) Generation Engine — B6 may sinh ndi dung nhim st

dung cac thuat toan phu hop dé sinh ra cac ban d6, hodc vat phém hop 1€ va sinh ra map phu

hop ndi tiép tuyén duong hién c6

Hinh 2. 1Game thé loai Roguelike

So sanh wu diém va nhuogc diém ung dung cac thuat toan cua k¥ thuat PCG véi thé loai

game Roguelike

Bdng 2.1 So sanh uu diém va nhuoc diém ung dung cdc thudt toan cua ky thudt PCG voi thé logi

game Roguelike

Thuat toan

chinh linh hoat

thém ngau nhién hoa

Uu diém Nhurge diém Miic d§ phit hop
PCG
Kiém soat chat noi dung, d&|Thiéu tinh khdm pha|Trung binh (phi hop hon
Rule-Based mé rong quy tic, cau hinh tuy|jcao néu khong két hop|cho bd cuc co ban va rang

budc vi tri)

Search-Based

Tao ban do toi vu theo nhiéu

ti€u chi, dam bao tinh kha thi

Chi phi tinh toan cao

hon, kh6 tuning tham s6

Trung binh (phu hop cho

tao duong di, cau truc

Learning-Based

cai thién ban d6 qua thoi gian

luyén 16n, kho kiém soét

ndi dung cy thé

ctia ban do dungeon phtrc tap)
Constraint- Pam bao cac diéu kién|Thiéu kha ning sang tao .
' ' , Trung binh-Cao
Based logic/phéap 1y nghiém ngat  |n€u rang budc qua cliing
_ . . . Yéu ciu dir liéu huan| . .
Machine Hoc hanh vi nguoi choi, tu Thap-Trung binh vdi

game doc 1ap nho

2.2.2 Ung dung cac thugt todn PCG tao man choi tw dgng cho thé logi Platforms

game

Platformer 1a mot trong nhitng thé loai game phd bién va c6 lich st phat trién 1au doi.

Dic trung co ban cia platformer 1a nhan vat ngudi choi sé di chuyén trong mot moi trudong
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duogc to chirc theo chiéu ngang hodc chiéu doc, nhay qua cac vat can, thu thap vt phdm va né
tranh ké thu dé dat dén dich. Noi tiéng nhét cua dong game thé loai nay 1a Super Mario. Véi
cac tro choi platformer hién dai, ) luong man choi co6 thé 1én dén hang tram, vdi cac bién thé
vé dia hinh, bay, hanh vi ké thi va vat phdm thuong, vi vay viéc ap dung k¥ thuat PCG vao
thé loai game nay s& duogc ap dung chii yéu muc tiéu tao cac cau trac platform chinh nhu san,
khoang cach nhay, do cao ting tir d6 tao ra cac map ndi tiép nhau, ghép lai thanh chudi hop

1y thanh cac map néi tiép nhau.

@©1985 NINTENDO

Move: Arrows/WASD
Fire/Sprint: Shift-CTRL
Pause/Mute: P/M

Hinh 2. 2Super mario — Game dang Platformer néi tiéng
So sanh vu diém va nhuge diém mg dung cac thuat toan cta k¥ thuat PCG vai thé loai
game platformer
Bdng 2.2 So sanh wu diém va nhwoc diém g dung cdc thudt todn cia ky thudt PCG véi thé

loai game platformer

Thuit toan

Uu diém Nhuge diém Mirc d§ phu hgp
PCG
Kha nang sinh nhanh s6
) Tinh sang tao bi gidi han, i
lugng 16n man choi ma| = , |[Thap (Khong phu hop véi
Rule-Based hoan toan khong co sy doi

van dam béao ciu tric hop dang game nay)
ly

C6 thé sinh ra ciu truc||Toc dd cham hon do phai|Trung binh (phu hop cho

mao1 ve cau truc man choi

Search-Based |[sang tao ma van dam bao|tim kiém qua khong gian|jsing tao cic ciu triic man

logic trang thai choi)

Constraint-  ||Pam bao sinh man choif|Thiéu kha ning sing tao||Thap(Khong phu hop voi

Based hop 16 theo céc rang budc|jnéu rang budc qué cing  |[dang game nay)
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Thuit toan ) )
Uu diém Nhuge diém Mirc d§ phu hgp
PCG

Thip-Trung binh khéng

Machine Hoc hanh vi ngudi choi,[Yéu ciu dit liéu hudn|pht hop v6i game doc 1ap

Learning- tu cai thién ban dd qual|luyén 16n, kho kiém soat||nho dang casual

Based thoi gian ndi dung cu thé Cao véi game co6 tép khach
hang 16n va dit liéu di nhiéu

2.2.3 Ung dung cac thudt toan PCG tao man choi tir dgng cho thé logi Puzzle game

Puzzle game 1a mot thé loai tro choi dién tir dic trung boi yéu cau nguoi choi phai
van dung tu duy logic, kha ning phén tich, chién luwoc hodc ghi nhé dé giai quyét cac bai toan
dugc dat ra trong game. Mot diém chung ndi bat cia puzzle game 1a hé thdng man choi (level)
thudng duoc xay dung dudi dang phan cip, noi mdi man choi 1a mot cau dé doc 1ap hodc 1a
mdt phan trong chudi cac thir thach c6 lién két logic v6i nhau. Vi vay c6 thé thy, k¥ thuat
PCG khi tmg dung vao thé loai game nay s& dugc ap dung chu yéu muc tiéu tao c4c nodi dung
cho cac man choi méi sao cho dam bao c6 thé choi, ciu trac logic hop 1€ va co thé tang do

kho theo timg cap d6 man choi

Hinh 2. 3Game gidi do6 - Where is my Water?
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So sanh vu diém va nhuoc diém ung dung cac thuat toan cua k¥ thuat PCG vai thé loai
game Puzzle

Bang 2.3 So sanh vu diém va nhugce diém ung dung cdc thudt toan cua ky thudt PCG voi thé loai

game Puzzle
Th‘;f-g é"a“ U'u diém Nhuge diém Mirc d9 phit hop
Dé trién khai, kiém soat chit|Khong thich hop vé6i|Rat cao (Puzzle game
Rule-Based ché logic game. thiét ké cAn nhiéu ngau||dic biét phu hop vai thuét
D@ tiy bién theo mirc 6 kho. |nhién. toan Rule-Based)
C6 thé t6i wu hoa do kho hodc|| y .
_ . ~|[Thoi gian tim kiém c6||Cao (phu hop cho toi uu
muc ti€u cu thé (s6 budc giai,| . ‘
Search-Based o thé lau néu khong co|hoa do kho cac man choi,
do phuc tap, thoi gian hoan| . o
. dieu ki¢n tot thoi gian hoan thanh)
thanh).
Constraint-  |[Pam bao sinh man choi hop 1&[Yéu cau xac dinh rd|Cao( R4t phu hop véi
Based theo cac rang budc rang cac rang budc. | dang game nay)
Théap-Trung binh
. . |lkhong phu hop voi game
Machine _ . _ 1IYéu cau dir liéu huan .
) Hoc hanh vi nguoi choi, ty céi . ||doc lap nho dang casual
Learning- ' . o luyén 16n, kho kiém '
thién ban do qua thoi gian ] , ||Cao vé1 game co tép
Based soat ndi dung cu the _
khach hang 16n va dir li¢u
dt nhiéu

C6 thé thay, Puzzle games la mot trong nhiing thé loai phu hgp nhat dé ung dung k¥
thuat PCG, dic biét 1a cac thuat toan Rule-Based, Constraint-Based, va khi can thiét co thé
két hop Search-Based dé diéu chinh do kho. Mo hinh PCG gitp tiét kiém thoi gian thiét ké,
dam bao chat luong logic cia man choi, dong thoi d& dang mé rong quy mé tro choi 1én hang
tram man ma van duy tri tinh m&i mé va hap dan.

2.3 Phan tich Iya chen thé loai game va thuat toan phi hep ap dung dé tai
2.3.1 Lwa chen thé logi game phl hop trong dé tai

Dua vao phan tich vé kha ning tmg dung k¥ thuat PCG vao trong cac thé loai ciling
nhu vé pham vi cta dé tai 1a cac mo hinh thuat toan PCG, lun vian lya chon trd choi giai db
(Puzzle Games) la méi trudng ting dung chinh cua k¥ thuat PCG, cu thé 1a trong viée tw dong
tao sinh man choi.

Ly do Iira chon thé loai nay bao gdm:
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« Kiém soat tot logic man choi: Puzzle game c6 tinh chit rang budc logic cao, d& dinh
nghia va kiém soat thong qua cac quy tic thiét ké cu thé, phu hop véi cac thuat toan
PCG c6 thé kiém tra tinh hop 1€ nhu Rule-Based hoac Constraint-Based.

« Kha ning c4 nhan héa: Cac man choi c6 thé dugc sinh ra twong ting véi d6 kho, hanh
vi hodc kha ning suy luin ciia ngudi choi, ting mirc d6 phu hop va hap dan.

« Téi wu tai nguyén phat trién: Viéc ty dong sinh hang trim man choi giup giam tai
dang ké chi phi thiét ké tha cong, dic biét d6i v6i game mobile c6 yéu cau ndi dung
lién tuc phi hop véi hudng phat trién va hudng nghién ctru cua dé tai.

2.3.2 Phan tich lwa chen thudt todn phu hep

Muc tiéu chinh ciia dé tai 1a nghién ctru va danh gia kha ning ap dung cac thuat toan
Procedural Content Generation (PCG) trong vi¢c tao man choi tu dong, déng thoi trién khai
thir nghiém v&1 mét tro choi cu thé nham kiém chirng hiéu qua thuc té cua thuat toan. Sau qua
trinh phén tich kha nang ing dung cac thuat toan PCG tao man choi tu dong trong cac thé
loai game theo cau triic man choi (level-based game), nhom tac gia nhan thay rang phuong
phap duya trén quy tic (Rule-Based PCG) tich hop thuat toan Constraint-Based 14 giai phap
phu hop nhat dé 4p dung trong giai doan dau phat trién cho thé loai game Puzzle.

Quyét dinh lva chon thuét toan Rule-Based dugc dua ra dua trén mot sb tiéu chi k¥
thuat va thuc tién nhu sau:

« Hiéu qua tinh toan: Phuong phap khong yéu cau xir Iy khdi lugng dir liéu 16n,
khong can huin luyén mé hinh hoc may, do dé cho phép thuc thi nhanh chéng, tiéu ton it tai
nguyén hé thong.

« Kha ning kiém soat ndi dung: Rule-Based cho phép cac nha thiét ké tro choi (game
designers) chu dong xac dinh va diéu chinh quy tic sinh ndi dung, phtt hop véi dinh hudng
thiét ké va muc tiéu trai nghiém mong mudn cta ngudi choi.

« Dam bao level sinh ra co6 thé giai dugc: Constraint-Based cho phép cac nha thiét
ké tro choi (game designers) chi dong dam bao 1 quy tac sinh ndi dung, phu hop véi dinh
hudng thiét ké va két qua level sinh ra c6 thé giai duoc

« Tinh don gian trong trén khai: Thuat todn c6 thé dé dang duoc lap trinh bang bat
ky ngdn ngit nao ma khong yéu cau thu vién chuyén dung.

« Tinh tiy bién cao: Cac tap luat (rules) c6 thé dé dang thém vao, chinh sira hoic mo
rong tly theo tirng thé loai game, cho phép tai sir dung linh hoat va thich nghi véi cac yéu cau

thiét ké khac nhau
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CHUONG 3. TRIEN KHAI VA XAY DUNG PHAN MEM

3.1Giéi thiéu game du kién tich hep

Trong qua trinh lya chon trd choi mau dé nghién ciru va phat trién hé théng tao man
choi ty dong st dung k¥ thuat Procedural Content Generation (PCG),tro choi Sokoban dugc
lua chon nhé vao tinh chit don gian vé luat choi va tiém nang tich hop cac thuat toan sinh ndi
dung ty dong. Sokoban 1a mot tro choi giai db ¢ dién, trong d6 nguoi choi c6 nhiém vy day
cac thung hang dén dung vi tri muyc tiéu da dinh trén ban dd. Vé6i co ché diéu khién co ban
(chi di chuyén va ddy thung), tro choi d& dang trién khai bing cac céng nghé web nhu
HTMLS5, JavaScript va Canvas ma van dam bao tinh thtr thach nhd khong gian chién lugc
Cao.

Vé mit k¥ thuét, Sokoban rat thich hop dé tich hop cac k¥ thuat PCG, cu thé 1a thuat
toan Rule-Based két hop phan hoach khong gian BSP, nham sinh ra cdc man choi c6 d6 phtic
tap va kho khin ting dan theo timg cap d6. Dong thoi, hé thong con c6 thé danh gia kha ning
giai dugc ciia mdi man choi thong qua cac thuat toan tim kiém dudng di nhu BFS, dam bao

tinh kha thi va hop ly trong thir nghiém

Hinh 3.1 Game Sokoban co ban

Muc tiéu cua chuong trinh 1a xay dung mét cong cu sinh man choi ty dong (level
generator) tich hop truc tiép vao tro choi Sokoban, st dung ky thudt Procedural
Content Generation (PCG). Hé théng can dam bao:

« C&c man choi sinh ra c6 thé giai duoc (solvable).

« Co su gia ting vé do kho qua tirng cap do.
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CAu triic ban d6 thay ddi lién tuc da dang, dua theo cAu tric

So d6 mo hinh kién truc tich hgp cua phan mém va game

Nguoi choi

A 4

Giao dién Sokoban Game
HTMLS + JS-Canvas
Rule-Based
BSP

l

B6 tao man choi
tw dong PCG

A 4
Di liéu ban dd 2D
(Mang s0 nguyén)

Hinh 3.2 M6 hinh kién triic tich hop ciia phan mém va game
Quy trinh hoat dong
Nguoi choi khdi dong tro choi va tuong tac véi giao dién.
Giao dién thuc hién goi ham sinh man tir bd tao man choi tu dong (PCG Engine).
B6 PCG str dung thuat toan BSP va Rule-Based dé sinh ra dit liéu ban dd dang mang.
Giao dién nhan dit liéu ban d6 2D, hién thi trén Canvas va khoi tao trang thai game.
Trong subt qua trinh choi, néu nguoi choi hoan thanh man, giao dién s& goi lai bo

PCG d¢ sinh level tiép theo.

3.2Xay dwng va phat trién phan mém tich hep véi game

3.2.1

Yéu cdu chie ning

Sinh man choi ngau nhién c6 kiém soat: Phan mém can dam bao kha ning sinh ra cac
ban d6 man choi khong 13p lai, nhung van tuan theo mot bo quy tic logic dé giir tinh
nhat quéan trong gameplay.

Tuy chinh theo tham s dau vao: Nguoi phat trién game cé thé cung cap cac tham so
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3.2.3
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Xac thuc tinh choi duogc (playability): Phian mém can dam bao ring moi man choi dugc
sinh ra déu c6 thé hoan thanh duoc. Diéu nay yéu cau phai c6 cac bude kiém tra logic:
Xuét dit liéu dudi nhiéu dinh dang: Man choi sinh ra can c6 thé duge luu trix va st
dung ¢ nhiéu méi trudng phat trién game khac nhau:
Tuong tac ngudi dung: C6 thé thiét ké thém giao dién d6 hoa cho phép nha phat trién
Xem tryc tiép két qua man choi dugc sinh.
Yéu cdu phi chike ning
Hiéu suat: Thoi gian sinh man choi phai dam bao trong pham vi 100ms - 1s dé dam
bao khong 1am gian doan dong choi hodc gy tré trong khdi dong man.
Tinh 6n dinh va tin c4y: Phan mém khong dugc phép sinh ra man choi bi 1i (crash
game, khong c6 muc tiéu, khong c6 ngudi choi, v.v.).
Kha nang mé rong: Cho phép tich hgp thém cac thuit toan PCG khac nhu Search-
Based, Constraint-Based trong twong lai ma khong can viét lai toan bd phan mém.
Kha ning tich hop da nén tang: Phan mém can hd tro tich hgp vao nén tang pho bién
hodc ¢6 thé goi tur server-side dé sinh man choi dong.
Bio tri va nang cap: Codebase 13 rang, tai liéu day du, c6 san cu trac module dé dé
stra 161 va nang cip sau nay.
Phan tich lwa chen cong cu cai ddt hé tre xay dung phan mém

Pé hién thuc hda muc tiéu xay dyng mot hé théng phﬁn mém hd trg sinh man choi

tw dong dua trén k¥ thuadt Procedural Content Generation (PCG) theo phuong phap
Rule-Based, nhom tac gia da tién hanh khao sat, phan tich va lya chon moét cach ¢é co
sO cac cong cu, ngdn ngir lap trinh va dinh dang dit liéu phi hgp nham dam bao ca vé
mat k¥ thuét 1an kha ning mé rong, tich hop vé sau.

Trong qué trinh phat trién hé théng, nhom dé tai da lua chon bd cong cuy chinh bao
gém HTMLS5, JavaScript va dinh dang JSON. Pay 1a nhiing cong nghé phd bién, co
mirc d6 twong thich cao véi cac nén tang web hién dai, dong thoi mang lai nhiéu loi thé
trong qua trinh xay dung giao dién, xtr Iy tuong tic va mo phong truc tiép ndi dung trd
choi. Viéc luva chon HTMLS, JavaScript va JSON khong chi Xuét phat tu tinh phé bién
va hd trg cong d@)ng rong rii, ma con dya trén tinh mo, linh hoat, nhe va dé trién khai
clia cac cong nghé nay. Bén canh do, cac cong cu ndy ciing hd tro tt cho muc tiéu trién
khai va thir nghiém phan mém truc tiép trén nén tang Web, cho phép dénh gia kha ning

ap dung thuc té trong moi truong trinh duyét ma khong can cai dat phirc tap.
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3.2.4 Phat trién phan mém cong cu sinh man choi tw dgng (level generator) tich
hep truc tiép vao tro choi Sokoban
Load tilemap layout:
o Sitr dung Canvas dé vé& cac hinh thai mang 2D.
o Cac tile duoc anh xa theo ID:
Chay PCG logic:

o Phat trién va sir dung thuat toan BSP (Binary Space Partitioning) trong giai
doan tién xur Iy dé chia khong gian ban dd va sir dung Rule-based dé sinh ra
dir liéu ban db theo cac mang.

o Sinh ra ban d6 ngau nhién (map) dya trén cac quy tic xac dinh.

o Pam bao rang mdi man choi dugc tao ra déu cb cau triic 1d rang, kha ning
giai dugc va ¢ do kho phu hop voi timg cap do.

o Khi nguoi dung nhan nat “Tao ban dd0 méi”, su kién duoc léng nghe va goi
MapGenerator.generate().

o Map tra vé 1a mot ddi tuong JSON chtra thong tin tile, vi tri enemy, trap,
player...

Render man choi:
o Tu JSON map, ham createMapFromData() dung lai level trong GameScene.
o Dung ham drawMap dé vé cac dbi tugng dong.

Panh gia chat lwong man choi:

o Sau khi ban d6 duogc sinh, ngudi choi c¢6 thé thir choi trén man hinh truc tiép.

o Dir li€u duogc log lai gém sb lugng trap, enemy, do dai duong di tur player dén

exit.
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Sokoban Level Generator (PCG Tool)

Chiéu n:f)n c |12 Chiéu cao 15 56 thin 10 n+ Tao Level & Luu Level H Xuat Level ,jSCII'I Chon 1ép Chuwa co tép nao dwgc chon
g g
Danh sach level: V

2 Khéng thé gidi dwoc.

Hinh 2. 4 Phan mém PCG tw dong tao ra cac man choi cho game
3.3Trién khai, thir nghiém va danh gia két qua
Hé théng dugc trién khai va thir nghiém trong moi truong thuc té dé danh gia
hiéu qua. Qué trinh nay bao gom cai dit chay phan mém, trién khai choi thr, hoan
thanh cac level ghi lai s6 buéc thuc hién cho timg level va kiém tra céc level ty tao dé
kiém tra d6 kho cua timg level khi ting dan. Viéc trién khai kiém thir hé théng dong
vai tro quan trong trong viéc danh gia chat luong, do 6n dinh va hiéu qua thuc té cua
phan mém. Trong pham vi dd 4n nay, hé théng dugc kiém thir chii yéu tap trung vao
chtic nang tao man choi tu dong bang k¥ thuat Procedural Content Generation (PCG)
tich hop vao tro choi Sokoban. Cac chi s6 quan trong dugc danh gia gom:
e  Tinh 6n dinh va tinh kha thi (solvability):
e  Hibusutxuly..
e  Tinh chét ting dan d6 kho:
e  Danh gia trai nghiém nguoi choi (User Feedback).
3.3.1 Ddnh gid higu qud cia hé théng dua trén két qud tha nghiém
bé phuc vu kiém thir, hé théng tién hanh sinh 30 man choi tu dong béng cach st dung
phan mém hoic cach tao Level bang cong cu voi sd thung tang tir 2 dén 6. Mdi man choi s&
dugc danh gia thong qua:
e  Kich thuéc ban d6
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S6 thung hang
S6 muc tiéu
bo sau BSP
S6 budc t6i thiéu dé hoan thanh (tinh bang thuat toan tim dudng)

Mirc d6 dénh gia do khé (DE, Trung binh, Kho)

Sokoban Level Generator (PCG Tool)

Chiéu réng: Chiu cac: | 10 | S6 thiing: ‘6 ‘ | % Tao Level ‘ | % Luulevel | ‘ M Xudt Level (,json)| Chon tép | Chura c6 tép nao dwoc chon

Danh sach level

Hinh 3. 3 Level duwoc tao bang cong cu

Level 5
Chon man chot:

Hinh 3.4 Level ty dong tao trong tro choi
Trd choi dugce trai nhiém boi nhom ngudi dung, két qua thir nghiém 30 levels duoc

danh gia cu thé nhu sau:
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Bdng 3.1 Két qua thir nghiém 30 levels

] i i Ti 1€ man
Nhom (So lwgng |So bwdce gidi||Ti 1€ man Panh gia do kho
. . choi giai
Level |thung (box)|trung binh |lchoi hop 1€ cam nhan
dugc
1-5 2 8-15budc |100% 100% Dé
6-10 |3 12-22 buée |100% 100% Dé& — Trung binh
11-15 |4 20-35 budc |[100% 100% Trung binh
16-20 |5 28-45 budc |[100% 100% Khé
21-25 |6 35-55 buse |100% 100% Kho — Rét kho
83.3%  (5/6|Rat kho, can c6
96.6% (5/6 .2
26-30 |6 45-65 budc man gidi|game sense tot dé
man hop 18) N
duoc) giai

Két qua thir nghiém chi tiét:

e Tinh 6n dinh va tinh kha thi (solvability): HAu hét cac man choi duoc tao ra déu dat
tinh hop I¢ cao. Cu thé, ¢6 29/30 man choi hoan toan giai duoc, duy nhat mot man (&6
nhom 21-30) xdy ra hién tuong deadlock khi 2 thing bi dit qua gan tuong khién viéc
day ra muc tiéu khong kha thi.

e Tinh chat ting dan @ khé: Muc d6 khé duoc phan anh rd nét qua sb bude giai trung
binh ting déu. Trong nhom 1-10, trung binh chi cin 1020 bwée dé hoan thanh. Tir
nhoém 16-30, sb budc dao dong tir 30 dén 65 buwde, ching minh rang viée ting sb
thung hang, dong thoi ting mat d6 khong gian hep, tao nén do kho thyc té

e Hiéu suit xir Iy: Thoi gian sinh mot ban dd trung binh chi khoang 30-50 ms, cho thay
hiéu suat thuat toan rat tot, pht hop v6i moi truong Web game thoi gian thuc

e Dinh gia trai nghiém nguoi choi (User Feedback):Muc d6 kho tang dan theo timg
level, cau tric ban d6 c6 su da dang, cic level sé tao ra cac map khac nhau.

Phin tich wu diém va nhwoc diém ciia hé thong
Uu diém:
e  Ha thong sir dung thuat toan PCG, két hop giita phwong phap phan hoach khong gian
BSP (Binary Space Partitioning) va k¥ thuat dat vat thé dua trén quy tic (Rule-Based),
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cho phép tao ra cac man choi méi hoan toan ma khong cin can thiép thi cong.

Nho BSP phén chia khong gian thanh cic ving ngau nhién, ban d sinh ra ¢ su thay
d6i dang ké vé bd cuc mbi 1an choi. Cung véi dé, quy tic ting dan s lugng thung hang
va do sau phan chia khong gian gitp diéu khién d6 khé ctia game ting dan theo cap do
Toan bd hé théng duoc xay dung bang HTMLS5, JavaScript va Canvas, hoat dong tot
trén hau hét cac trinh duyét hién dai ma khong can cai dat thém. Thoi gian sinh mat
man choi chi khoang 30-50ms, dam bao hiéu suat du cao dé ap dung trong méi trudng
game thuc té va trén cac thiét bi cau hinh thap.

Kién triic phan mém dugc t6 chirc theo mo-dun 1d rang, giup dé dang mo rong s6 luong
man choi, thay ddi quy tic sinh level, hodc tich hop vao céc tro choi khac cung kiéu

ludi.

Nhuoc diém:

3.3.2

Du hé thong sinh man choi dua trén cac quy tac hop 18, nhung chua c6 co ché kiém tra
giai duoc (solvability) hodc phat hién trang thai bé tic (deadlock). Trong cac man kho,
d3 ghi nhan c6 trudng hop thung bi ket sat tudng hodc goc khién nguoi choi khong thé
hoan thanh man

Hé théng PCG hién tai chi ting d6 kho tuyén tinh thong qua tham s6 (s6 thung, do sau
BSP). biéu nay chua du linh hoat dé diéu chinh d6 kho dua trén phong cach hoic hiéu
suat choi thuc té ctia ngudi dung.

Do tp trung vao thuit toan va tinh ning 15i, phan giao dién (UI/UX) ctia hé thdng van
con don gian, chua c6 hiéu ung dd hoa nang cao, am thanh, hoic huéng dan ngudi choi
rd rang.

Ddnh gid kha néing dp dung hé théng vao cac game FPS khac

Trong bdi canh céc tro choi giai d6 (Puzzle Game) ngay cang pho bién va phat trién

manh mé, viéc 4p dung mot hé thong ho tro ty dong sinh cac man choi vao céc tro choi nay

la mot bude tien 16n, khong chi ho trg nha phat trién ma con mé ra nhiéu tiém nang nghién

ctru va ing dung trong linh vuyec tri tué nhan tao (AI). K¥ thuat tiém ning tng dung rong rai

ciia moO hinh nay do6i véi nhiéu the loai tro choi thugc nhom puzzle game (tro choi giai do).

Loi thé khi ap dung vao céc trd choi Puzzle khac

Céc tro choi nhu Minesweeper, Bomberman, Tetris dang phi tuyén, Maze Generator
hay cac game dang box-moving puzzles déu c6 thé tich hop truc tiép mé hinh sinh noi

dung nay dé tao ra cac man choi da dang va c6 d6 kho ting dan.
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Ngoai ra, néu két hop cung cac chién lugc phan tich do kho thuat toan c6 thé mé rong
dé phuc vu nhu cau tu diéu chinh do khotao trai nghiém choi ca nhan hoa cho tung

nguoi dung.

Thach thire khi ap dung vao cac tro choi khac

Khac biét luat choi: Nhiéu tro choi puzzle hién nay c6 ludt choi phirc tap, khong gian
tuong tac phi tuyén hoac yéu cu tuong tac phu thudc trang thai dong, khién cho céc
quy tic dit vat thé tinh trd nén khong phu hop.

Moi truong tro choi: Vi cac game dang puzzle khong gian nhu Portal Puzzle, Escape
Room, hay Lemmings, ndi dung ctia man choi khong don thuan 13 ban dd 2D va vt
thé, ma con bao gém co ché vat 1y, hanh vi dong, diéu kién thoi gian hodc chudi hanh
dong phuc tap.

Tinh do ludng va diéu chinh do kho: Viéc gan mot tham s cu thé dé diéu chinh do
kho trong giai doan sinh ndi dung 1a rat kho néu khong c6 hé thdng tmg dung Al dé

phan hoi tir ngudi dung hodc phén tich hanh vi nguoi choi trong thoi gian thuc

Giai phap mé rong va cai tien hé thong

B6 sung mo-dun phan tich rang budc logic (constraint analysis) hodc kiém tra giai
duogc ty dong (solution validator) s& giup dam bao rang cac man choi dugc sinh ra
khong chi hop 18 vé mit hinh thirc ma con kha thi dé ngudi choi hoan thanh

Kién triic ciia hé théng can chuyén doi tir dang ludi vudng don gian sang dang d6 thi
(graph-based structure) hodc dang ban dd cé thé sinh theo nhiéu chiéu.

Tich hop hoc may (machine learning) hodc thuat toan tién hoa (evolutionary
algorithms) dé t6i wu hoa quy trinh sinh man choi, nhdm c4 nhan hoéa trai nghiém cho

tirng nguoi choi hodc tao ra ndi dung sang tao.

Tiém ning phat trién trong twong lai

Tiém ning ing dung hoc may (machine learning) vao quy trinh sinh man choi ciing

mo ra nhi€u co hgi d61 mai. Viéce thu thap dir li€u hanh vi nguoi choi va st dung mo hinh hoc

tang cuong (reinforcement learning) hodc céc thuat toan tién héa (genetic algorithms) c6 thé

gitip hé théng tu dong diéu chinh d6 kho, t6i vu hod bd cuc man choi, dong thoi tao ra trai

nghiém c4 nhan hoa.
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KET LUAN

Db 4n tap trung nghién ctru va trién khai giai phap tu dong hoa tao man choi trong
game thong qua k§ thuat Procedural Content Generation (PCG), nhiam t6i wu quy trinh
phat trién tro choi va nang cao trai nghiém nguoi choi. PCG khong chi gitip tiét kiém
thot gian, cong strc ma con tao ra ndi dung da dang, phu hop voéi tirng nguoi dung va
ting 1an choi.

Trong Chuong 1, d6 4n da trinh bay tong quan vé khai niém, vai tro, Iy thuyét nén
tang ciia PCG (bao gom 1y thuyét xac suit va 1y thuyét trd choi), cung voi khao sat cac
thuat toan tidu bicu ung dung trong thiét ké noi dung tro choi.

Chuong 2 tip trung vao viéc phan tich k¥ thuat va dé xuat huéng tiép can phu hop
v6i myc tiéu dé tai. Tir qua trinh dénh gia cac tiéu chi nhu hiéu qua trién khai, kha nang
kiém soat va yéu cau k¥ thuat, dd an lua chon phuong phap Rule-Based PCG két hop
v6i thuat toan phan hoach khong gian BSP dé xay dung hé thdng sinh man choi tr dong
cho tro choi giai 46 (Puzzle Game).

Chuong 3 trinh bay qua trinh trién khai thyc té hé théng PCG vao mot tya game cu
the, thu thap dir liéu va danh gia hiéu qua. Két qua cho thay hé théng hoat dong hiéu
qua, c6 tinh linh hoat cao, kha ning mé rong tét va c6 thé tiiy chinh theo yéu cau nha
phat trién va hanh vi nguoi dung.

Piém méi cua d6 4n nam & viée:

. Ung dung k¥ thuat PCG cho tao man choi puzzle tu dong, khac véi xu hudng hién
nay chi yéu ding PCG dé sinh hoat canh hodc ban do 3D trong game.

« Két hop linh hoat giira thuat toan BSP va phuong phap Rule-Based dé dinh hinh ban
do.

« Kiém so4t tinh ngdu nhién thong qua tap luat, tir d6 t6i wu d6 khoé va tinh hop 1y cta
man choi.

V& dinh huéng twong lai, dd an dé xuit tmg dung k¥ thuat hoc may nhu hoc ting
cudng va thuit toan tién hoa dé thu thap dir liéu hanh vi nguoi choi, tir d6 c4 nhan hoa
trai nghiém, tu dong diéu chinh do khé va toi uwu héa bb cuc man choi.

Té)ng két, d6 an d3 dat duoc cac muc tiéu dit ra tir Iy thuyét dén trién khai thyc tién,
chirng minh tinh kha thi va hi€u qua cua viéc tich hop k¥ thuat PCG vao quy trinh phat

trién tro choi hién dai.



