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MO DAU
1. Ly do chon dé 4n

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

Procedural Content Generation (PCG) dap ung dugc nhu ciu nay bang cach cho
phép ty dong tao ra ndi dung game, tir canh quan, dia hinh dén cic nhiém vy va thir
thach trong game. Viéc sit dung PCG khong chi gitip tiét kiém thoi gian va cong sirc ma
con mé ra kha ning tao ra nhitng trai nghiém choi doc ddo, mang tinh ngau nhién va bat
ngo, giup tro choi c6 kha nang 161 kéo nguoi choi quay lai.

Phit trién game 1a mot qua trinh phire tap va tén kém, doi hoi sy phdi hop chit
ché gitra cac by phan tur thiét ké, 1ap trinh dén kiém thr. Trong do, viéc thiét ké va tao
ra cac man choi doi hoi sy sang tao cao va thudng chiém nhiéu thoi gian cua doi ngil
phat trién. V&i PCG, cac man choi c6 thé duoc tao ra tu dong dya trén cac thuat toan va
quy tac nhét dinh, giup giam thiéu cong viéc 1ap di lap lai va cho phép doi ngii phat trién
tap trung vao nhitng khia canh sadng tao hon cua tro choi.

Ngoai ra, viéc st dung PCG con gitp giam thiéu 18i trong qua trinh thiét ké man
choi. Cac thuat toan PCG c¢6 thé duoc 1ap trinh dé tuan thu cac quy tdc nhat dinh, dam
bao rang cac man choi dugce tao ra déu c6 cau tric hop 1y, dd kho phu hop va khong gay
ra nhitng 16i nghiém trong anh hudng dén trai nghiém cia nguoi choi.

Vi vay, viéc lua chon dé an “Nghién ctru sir dung ky thuat Procedural Content
Generation (PCG) dé phat trién ty dong cac man choi trong lap trinh game”, khong chi
mang lai gia tri vé mat hoc thuat ma con ¢6 y nghia thyuc tién cao, dé 4n co thé dap ung
nhu ciu thyc tién ciia nganh cong nghiép game hién dai, ddng thdi mo ra nhiéu tiém
ning phat trién va tmg dung trong tuong lai. D& 4n nay khong chi gitp tdi vu hoa quy
trinh phat trién game ma con mang lai nhiing gia tri nghién ciru quan trong, gép phan
vao sy phat trién ctia cong nghé va sang tao trong nganh game.

Tir d6 hoc vién chon dé an “ Nghién ciru siv dung ky thudt Procedural Content
Generation (PCG) dé phat trién tw dpng cdc man choi trong lgp trinh game”. B6 cuc

chia 1am 3 phan:



« Chuong 1: Co so 1y thuyét

e Chuong 2: Nghién ctru lya chon mo hinh irng dung k¥ thuat PCG tich hop vao
phat trién ty dong tao ra cic man choi cho game

« Chuong 3: Trién khai va xay dung phan mém

2. Tong quan cac doi tweng nghién ctiru

Dau nhitng ndm 1990 game d dén Viét Nam. Tir mot nganh cong nghiép so khai
va b1 xem nhe, game ¢ Viét Nam da phat trién thanh mot linh vue kinh doanh 16n véi
nhiéu co hdi va thach thirc. V6i su phat trién cua céng nghé va sy quan tm cua cong
ddng, nganh cong nghiép game tai Viét Nam hira hen s& tiép tuc co nhitng budc tién
dang ké trong tuong lai.

Vi sy phat trién nhanh chong ctia nganh cong nghiép game va cac ing dung giai
tri khong chi & Viét Nam ma trén toan thé gidi, nguoi choi ngay cang mong doi cac tro
choi c6 thé gi6i rong 16n, ¢t truyén phong phi va trai nghiém choi méi mé mdi khi
quay lai. Piéu nay doi hoi cac nha phat trién game phai tim cach tao ra luong 16n ndi
dung ma van dam bao chat lugng va tinh sang tao.

Procedural Content Generation (PCG) 1a mot phwong phap sir dung thuat toan dé
tu dong tao ra cac nodi dung sé6 ma khong can su can thiép thu cong. Trong nganh cong
nghiép game, PCG dong vai trd quan trong trong viéc tao ra cac yéu té nhu dia hinh,
man choi, c6t truyén, nhan vat, va tham chi 1a 4m thanh[2]. Khac v6i phuong phap
truyén thong, PCG gitp tao ra ndi dung phong phii, da dang va cé tinh ngu nhién cao,
tor d6 nang cao trai nghi¢m cua nguoi choi.[3]

Van dé “Nghién citu ky thudt Procedural Content Generation (PCG) dé phdt
trién t dpng cdc man choi trong ldp trinh game” 13 mot linh vire day thach thirc nhung
cling rat tiém nang. Viéc giai quyét cac van dé hién tai va khai thac cac co hdi méi s&
khong chi giup t6i wu héa qua trinh phét trién game ma con gép phan quan trong vao
viéc nang cao chat lwong va trai nghiém cta ngudi choi. Piéu nay khong chi c6 y nghia
quan trong trong nganh céng nghiép game ma con mo ra nhiéu co hodi nghién ciru va
ung dung PCG trong céc linh vuc khac trong tuong lai.

3. Muc dich nghién ciru
Muc tiéu ctia dé an nay 1a nghién ctru cac thuat toan PCG va phat trién hé thng

ung dung ky thuat PCG dé sinh ra cac man choi tu dong, dam bao su da dang, tha vi va
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thach thtrc cho nguoi choi ma khéng can su can thiép thu cong nhiéu tir phia nha phat
trién, mong mudn cua dé 4n 1a dat duge muc tiéu:

- Nghién ciru cac thuit toan PCG phu hep: Tim hiéu va phan tich cac thuat
toan irng dung ki thuat PCG va nghién ctru kha nang 4p dung cua cac thuat toan trong
viéc tao man choi.

- Xay dung phin mém PCG tu dong: Xy dung mot phan mém PCG co kha
nang tao ra cac man choi véi mirc do phirc tap, khé khian va ndi dung thay déi dua trén
cac thong s dau vao cu thé thir nghiém trén mot game dé danh gia hiéu qua.

- Pam bio tinh cin bing va hep 1y: Dam bao rang cac man choi ty dong dugc
tao ra phit hop vé d6 kho, khong c6 18i nghiém trong va van gitr duoc tinh hap din

4. Po6i twong va pham vi nghién ctru

Poi twong nghién ciru: D6i tuong nghién ctru cliia dé an 1a cac nghién ciu va
cong trinh lién quan dén PCG, dic biét 1a trong linh vyc tao man choi ty dong.

Pham vi nghién ciru: Pham vi nghién ctru 1a cdc md hinh thuét toan PCG va cac
mo hinh game c6 cac man choi

S. Phwong phap nghién ctiru

Dé an duoc thuc hién dua trén cac phuong phap khao sat, phan tich, thu thap dir

lidu tir cac ddi twong nghién ciru va timg dung tich hop cong cu 1a phan mém PCG viao

mot tro choi cu thé va danh gia tic dong ctia n6 1€n trai nghiém nguoi choi.
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CHUONG 1: COSOLY THUYET
1.1.Xu thé phat trién ciia nganh céng nghiép tro choi dién tir va nhu cu tw
dong hoéa thiét ké man choi
1.1.1. Xu thé phdt trién ciia nganh coéng nghiép game hién dai

Nganh cong nghiép trd choi dién tir trong thé ky 21 dang ching kién sy ting
truong manh mé ca vé quy mo thi trudng, sd luong ngudi dung va cong nghé phat trién.
Véi su phat trién nhanh chéng cua cong nghé phan ctimg va phin mém, cic nén tang
nhu may console, PC, thiét bi di dong va ca cac hé thdng thuc té 40 (VR/AR) déu duoc
khai thac toi da nham dem lai trai nghiém choi game da dang va phong phti hon. Dong
thoi, cong nghé phan mém nhu cong cu phat trién game (Unity, Unreal Engine), tri tué
nhan tao (AI), hoc may (machine learning), thyc té 40 (VR) va thuc té ting cuong (AR)
cling gop phan thuc day su sang tao va d6i méi trong qué trinh phat trién game.Theo
bao cao cua Newzoo (2023), thi truong tro choi dién tur toan cau duy kién dat gia tri hon
200 ty USD trong nam 2025, v&i hon 3,5 ty ngudi choi trén toan thé gigi[1]. Trong boi
canh d6, cac nha phat trién game budc phai thay doi chién lugc, tir viée tap trung vao d6
hoa va c6t truyén, chuyén sang chu trong dén trai nghiém ngudi dung, sy c4 nhan hoa
va kha nang cap nhat ndi dung nhanh chong

Mot trong nhitng xu thé ndi bat hién nay 1 sy phét trién cua cac tro choi c6 tinh
ca nhan hoéa cao, kha nang tuong tac sau va moi truong choi duoc cap nhat lién tuc.
Thay vi chi tap trung vao dd hoa hodc cdt truyén, cac nha phat trién hién nay chu trong
vao thiét ké trai nghiém nguoi dung théng qua hé thong gameplay phong phi, co ché
choi linh hoat va dic biét 1a su da dang trong hé théng man choi (level design). Nguoi
choi ngay nay khong chi mong dgi mot tro choi c6 hinh anh dep ma con ky vong vao
kha nang kham pha khong gidi han, tinh bat ngd trong timg 1an choi va sy phan hoi
thong minh tir hé thong trd choi.

Trong boi canh d6, cac thé loai game nhu puzzle (giai d6), platformer, roguelike,
sandbox hay céc tro choi phiéu luu thé giéi mé da tré nén dic biét thinh hanh. Nhitng
thé loai nay doi hoi hé théng man choi co cu trac phuc tap, bién hoa linh hoat va c6
kha ning mé rong khong gidi han. Bé dap img duge nhu cau dé, viéc phat trién va duy
tri kho nodi dung man choi chat lugng cao dang trd thanh mot thach thire khong nho ddi

v6i cac studio game, ddc bi¢t 1a khi m6 hinh "Game-as-a-Service" (GaaS) dang ngay
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cang pho bién. Viéc nay dit ra nhiing yéu cau cao hon ddi véi khau thiét ké va phat trién
ndi dung game.
1.1.2. Cdc thdch thirc trong vigc phdt trién man choi trong tré choi dién tir hién nay

Trong bdi canh nganh cong nghiép tro choi dién tr ngdy cang phat trién manh
m&, thiét ké man choi (level design) dang déng vai tro then chét trong viéc nang cao
chat luong trai nghiém cua ngudi dung. Su canh tranh gay gét trén thi trudng ciing bude
cac nha phat hanh phai lién tuc tao ra sy khac biét vé trai nghiém nguoi dung. Trong do,
thiét ké man choi — noi truc tiép anh hudng dén cam nhén, thtr thach va cam xtc cia
ngudi choi — dang ngay cang trd thanh yéu to then chdt trong viée gilr chan ngudi ding.
Nhiing tro choi c6 kha ning cung cip trai nghiém ca nhan hoa thong qua hé thong man
choi linh hoat, phan hdi thong minh va mang tinh ngau nhién cao thudng c6 loi thé canh
tranh 16n hon.

Tuy nhién, qua trinh phat trién man choi truyén thong hién dang d6i mat véi
nhiéu thach thic ca vé k¥ thuat 1an chi phi, dic biét trong cac du 4n game quy mo 16n
hoic ¢6 tinh lién tuc cao. Nhitng khé khan nay dit ra nhu cau cap thiét vé cac giai phap
m&i nham t6i vu hoa quy trinh thiét ké nodi dung, trong d6 k¥ thuat Procedural Content
Generation (PCG) n6i 1én nhu mot hudng di day trién vong [37].

Thir nhat, chi phi va thoi gian phat trién 13 mot rao can 16n trong thiét ké man
choi. Pdi véi cae tro choi thuong mai (AAA), viéc xay dyng mot man choi cé thé tiéu
t6n hang tuan dén hang thang, yéu cau sy phdi hop chit ché giita cac bo phan thiét ké,
1ap trinh va d6 hoa dé dam bao dong bo vé mit logic va thim my [38]. Quy trinh nay
doi hoi thao tac thi cong trén cong cu thiét ké, din dén chi phi phét trién cao va gidi han
vé quy md ndi dung c6 thé trién khai trong mot chu ky san pham.

Thit hai, van dé vé sy da dang va chat luong noi dung ciing 13 mot yéu t6 dang
lwu ¥. Trong cac trd choi c6 sé lwong 16n man choi nhu game di dong hodc game
platform truyén thong, viéc thiét ké noi dung thii cong thudng dan dén tinh trang lap lai
vé bd cuc, thir thach va trai nghiém [39]. Nguoi choi c6 thé dé dang nhan ra cac mo-tip
quen thudc, 1am giam dang ké dong luc kham pha va muc d6 gan bo véi tro choi.

Thur ba, yéu cau cap nhat ndi dung lién tuc trong mo hinh kinh doanh “Game as
a Service” (GaaS) ciing dit ra ap luc 16n 1én doi ngii phat trién. Cac tro choi hién dai
thuong yéu cau phai phat hanh ndi dung méi mdi thang hoic theo cac sy kién dic biét.

Vi¢c dam bdo tién dg, chat lugng va tinh nhat quan vé mat logic cua cdc man choi méi
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trong khi van duy tri tbc d6 phat trién cao 1a mot thach thirc 16n d6i v6i mé hinh thiét ké
thii cong truyén théng [40].

Trudc nhitng thach thirc néu trén, k¥ thuat Ky thuat tao ndi dung ty dong —
Procedural Content Generation (PCG) ndi 1én nhu mot giai phap kha thi nham:

o Tu dong hoa qué trinh san xuét noi dung véi téc do cao, tiét kiém thoi gian va
chi phi [41];

o Tao nén sy da dang trong thiét ké trong khi vAn dam béao tudn thu cic nguyén
tac vé gameplay va cdu trac [42];

e Cho phép cd nhan hoa man choi dua trén hanh vi hodc mirc d§ k¥ nang cua
nguoi choi thong qua cac k§ thuat PCG thich nghi [43];

e M& rong quy mo tro choi mot cach linh hoat va khong giéi han, dac bi¢t trong
cac game dang thé gi61 m¢ ,sandbox, hodc game dugc phat trién theo mo hinh tha tuc
[44].

V61 sy phat trién vuot bic cla cac ky thuat tri tu€ nhan tao va hoc may trong thap
ky gan day, PCG khong con chi dimng lai ¢ viéc tao ban d6 hodc méi trudng ngau nhién
don gian. Cac hé théng PCG hién dai da c6 khéa nang hoc tu dit li¢u thuc, phan tich hanh
vi ngudi choi va sinh ra cac kich ban phu hop véi logic thiét ké, cap do thir thach ciing
nhu dong luc trai nghiém ctia nguoi dung [45]. Nho do, PCG khong chi dong vai tro 1a
cong cu hd trg, ma con trd thanh mot phan quan trong trong viée phat trién ndi dung tro
choi mot cach hiéu qua, bén viing va c6 kha ning mé rong cao trong tuong lai.

1.2. Gi6i thiéu vé ky thuit Procedural Content Generation (PCG)
1.2.1. Tong quan vé Procedural Content Generation (PCG)

KV thuat tao ndi dung tu dong, con goi la Procedural Content Generation (PCQG),
duogc dinh nghia 1a qué trinh tao ra ndi dung tro choi mot cach tuy dong hodc ban tu
dong thong qua viée sir dung cac thuat toan, thay vi thiét ké thu cong tirng thanh phan
ndi dung boi con ngudi. Mot dinh nghia pho bién va chinh xac hon cho PCG dugc dua
ra la: “Viéc tao ra ndi dung tro choi thong qua cac thuat toan ma khong can su can
thiép truc tiép ctia con nguoi trong tng phan tir ndi dung” [1]. Ky thuat nay déng gbp
phan trong viéc giam tai khéi luong cong viée cho cac nha thiét ké tro choi, ddng thoi
mang dén trai nghiém phong phi1, ngiu nhién, khong lap lai va co thé ca nhan héa cho

nguoi choi.
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PCG lan dau tién dugc biét dén rong rai vao nhitng nim 1980, dic biét thong qua
trd choi kinh dién Elite duoc phat hanh ndm 1984. Mac du da xudt hién tir sém, tuy
nhién phai dén hai thap ky tr& lai dy, cung v6i sy phat trién manh mé cia phan cing
may tinh, cac thuat todn tri tu¢ nhan tao va cong ngh¢ xu ly dit li¢u, k¥ thuat PCG maoi
thue sy trd thanh mét xu hudng quan trong trong phat trién tro choi dién tu.

Ngay nay, nhiéu tro choi hién dai dd va dang tich cuc ap dung ky thuat PCG dé
tao ra cac thé gidi phong phu, c¢6 chiéu siu va mang tinh tai choi cao. Tiéu biéu co thé
ké dén cac tro choi nhu Minecraft, No Man’s Sky, Spelunky va Hades, trong d6 PCG
dugc st dung dé sinh méi trudng choi, ban dd, nhiém vu va hé théng vat pham da dang
[2], [3].

Bén canh viéc tng dung trong viéc sinh ban dd, thiét ké céu tric, tao nhiém vy,
sinh hinh dnh hay tao nhan vat, k¥ thuat PCG con mé rong ing dung ra ngoai pham vi
tro choi. Cy thé, PCG da duoc nghién ctru va trién khai trong céc linh vyc nhu mé phong
kién trac d6 thi, thiét ké nghé thuat k§ thuat s6, san xudt phim hoat hinh va dao tao mé
hinh tri tué nhan tao [4]. C6 thé thiy rang k¥ thuat Procedural Content Generation khong
chi 12 mot cong cu hd tro trong qua trinh phat trién tro choi hién dai, ma con 1a mot giai
phap c6 tiém ning uing dung rong rai trong cac linh vuc cong nghé sang tao va tri tué

nhan tao.

Hinh 1. 1 Ung dung PCG hé tro tw tao map trén Unity
K§ thuat PCG s¢ hitu mot sé dic diém quan trong gitp né trd nén phi hop véi
cac linh vuc yéu cau nodi dung da dang, phong phu:
o Tinh ngiu nhién c6 kiém soat: PCG thuong sir dung dit liéu ban dau ngau
nhién dé sinh noi dung, nhung van dua trén mot tap luat hoac cAu tric xac dinh, giap

ndi dung vira da dang vura hop 1y [5].
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« Kha ning mé rong: Mot trong nhitng diém manh ndi bat cia PCG 1a kha
ning sinh ra mot lwong 16n ndi dung chi tir mot mau nho dir lidu dau vao. Diéu nay dac
biét quan trong trong moi truong han ché tai nguyén nhu cac game indie hodc du 4n quy
mo nho [6].

« Thich ting theo ngudi ding: Cac phan mém PCG hién dai c6 kha ning thay
ddi ndi dung theo thoi gian thyc dya trén hi¢u suat, hanh vi hoac phan hdi cua nguoi
choi, tir do tao trai nghiém duoc ca nhan hoéa [7].

« Tuw dong hoéa qua trinh sang tao: Trong khi nhiéu linh vuc doi hoi lao dong
thil cong cao (nhu thiét ké ban d6, phadn mém nhiém vy trong game), PCG c6 thé thay
thé hodc hd trg qua trinh nay bang cach sinh noi dung lap lai, tiét kiém thoi gian va
ngudn lyec.

1.2.2. Phan logi cdc ky thudt PCG

Tuy c6 céc loai k¥ thuat PCG duogc chia theo thoi diém st dung hoac murc d can
thiép cua con nguodi, nhung cac k¥ thuat PCG dugc phan loai chinh theo ky thuét sinh
ndi dung

e Theo ky thuat sinh néi dung:

Ky thudt duwa trén quy tic (Rule-based Generation)

K§ thuat nay st dung céc tap luat cb dinh hoic cac quy tic hinh thic dé diéu
khién qu4 trinh sinh ndi dung[23]. Cac luat c6 thé la:

« L-systems (Lindenmayer systems): Thuong ding dé tao thuc vat, kién truc
fractal.

« Context-free grammars (CFGs): Dung cho cau triic ngdn ngit, level hoic cau
chuyén.

« Grammar-based procedural modeling: Ung dung manh trong kién trac do
thi, sinh ra toa nha, phé Xa.

Ky thudt duwa trén tim kiém va téi wu (Search-based PCG)

K¥ thuat nay xem ndi dung 1a mét bai toan tdi uu, st dung cac thuat toan tim
kiém hodc tién hoa dé tim ra cdu hinh ndi dung tot nhat théa man ham muc tiéu[23].

Céc thuat toan pho bién:

« Genetic Algorithm (GA): Tién hoa mot tap hop cac ca thé dai dién cho noi
dung.

o Simulated Annealing, A*, Monte Carlo Tree Search (MCTS).
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o Evolution Strategies, Particle Swarm Optimization (PSO).

Ky thuat dwa trén hoc mdy (Machine Learning-based PCG)

Cac phén mém hoc may hoc tur tap dir licu mau dé sinh noi dung tuong tu. Ching
c6 thé la:

« Supervised Learning: Hoc tir cip dit liéu ddu vao — dau ra.

« Unsupervised Learning: Nhu autoencoders dé hoc biéu dién triru tuong.

« Reinforcement Learning (PCGRL): Hoc chinh sach sinh ndi dung tét thong
qua phan thuong.

« Deep Generative Models: Bao gdm GAN (Generative Adversarial
Networks), RNN (Recurrent Neural Networks), Transformer.[25]

1.2.3. Kha nang wng dung cua ky thudt PCG

K§ thuat Procedural Content Generation (PCG) 1a mot hudng tiép cdn manh mé
trong viéc tao ra ndi dung tu dong thong qua cac thuat toan. Mac du co XUt phat diém
va dugc sir dung phd bién trong nganh cong nghiép trd choi, nhung hién nay, PCG da
dugc mo rong ng dung sang nhiéu linh vuc khac nhau, tr md phong, tri tu¢ nhan tao
dén giao duc va kién trac.

K§ thuat PCG dugc ing dung rong rii trong nhiéu khia canh cua phat trién trd
choi, bao gém viéc sinh ban d6 ngﬁu nhién, tao nhiém vy, tao d6i thi hoic NPC, vat
pham, ciing nhu d6i thoai twong tac. Nhimg tmg dung nay gop phan quan trong trong
viéc ting tinh tai choi mo rong ndi dung tro choi ma khéng lam ting dang ké chi phi
phat trién, dong thoi cai thién déng ké trai nghiém ngudi dung.

Trong linh vuc mé phong va hudn luyén tri tué nhan tao, PCG gitip tao ra hang
loat moi truong huén luyén da dang, tir do hd trg cac md hinh hoc sau hodc cac hé théng
xe tu hanh tiép can duoc véi cac kich ban hiém gip, kho tai hién trong thuc té [8], [9].
Vi dy, hé théng PCG c6 thé tao ra hang trim tinh hudng giao thong gia 1ap, cho phép
robot hodc xe tyr hanh hoc cach phan tmg véi cac tinh hudng phirc tap mot cach an toan
va hi¢u qua.

Trong gido duc va dao tao, PCG dong vai tro 1a cong cu tao ra cac ndi dung ca
nhan héa, chang han nhu tao bai tp hodc cau hoi kiém tra phu hop voi ning luc timg
hoc sinh. Ngoai ra, cac tro choi sit dung PCG ciing duoc tng dung dé mé phong céac

hién tugng khoa hoc, phan rng sinh hoc hodc qua trinh vét Iy trong mdi truong hoc tap.
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Bén canh do6, trong linh vuc kién tric va quy hoach do thi, PCG dugc st dung dé
tao ra cac thiét ké toa nha, canh quan, hodc cac phuong an bd tri mat b?mg dua trén cac
thong s6 dau vao nhit dinh. Viéc tw dong hoa qua trinh nay giup tiét kiém thoi gian cho
kién tric su, dong thoi mé rong kha nang kham pha cac phuwong an thiét ké toi wu hoa
khong gian [10].

Uu diém

o Tiét kiém thoi gian va chi phi phat trién: PCG giam thiéu su can thiép thu cong
ctia doi ngil phat trién trong cac tac vu lap di 1ap lai, dic biét hiéu qua ddi véi cac du an
c6 quy md ndi dung 16n hoidc yéu ciu sinh hang loat ban do [6].

e Tang tinh ngéu nhién va kha nang tai choi: Nho dac tinh sinh nd1 dung dong,
mdi 1an choi s& mang dén trai nghiém khac biét, tir d6 gia ting gia tri st dung cia trd
choi [3].

o Khd ndng mé rong linh hoat: Chi v61 mot tap ludt hodc thuat toan ban dau,
PCG c6 thé tao ra hang nghin bién thé ndi dung, cho phép hé théng thich nghi véi quy
mo 16n.

« Kha ning ca nhan héa noi dung: Khi két hop véi dit liéu hanh vi nguoi dung,
PCG c6 thé diéu chinh ndi dung phu hop véi ting ca nhan, nang cao tinh twong tac va
kha nang hoc tap thich nghi [7].

« Ung dung da linh vyc: Bén canh nganh cong nghiép game, PCG con c6 kha
ning ap dung hiéu qua trong cac linh vuc mé phong k¥ thuat, gido duc, kién trac va nghé
thudt sb.

Nhuge diém

o Thiéu kiém soat chi tiét va kho phat hién 16i cuc bd: Do ndi dung duoc sinh ty
dong, viéc dam bao tinh hop 1¢ hoac chét luong chi tiét cua tung phén tir c6 thé gap kho
khan. Diéu nay c6 thé ddn dén viéc sinh ra ndi dung khong logic, hodc tham chi khong
thé hoan thanh dugc trong trd choi [9].

« Khoé duy tri chat lugng dong déu: Néu khong cé hé thong danh gia ty dong
hiéu qu4, cac ndi dung sinh ra c6 thé c6 su chénh 1éch 16n vé d6 kho, tinh thim my hosc
kha nang choi duogc.

« Thiéu sang tao nghé thuat: Noi dung dugc sinh tu dong thudng khong mang
phong céach hodc dau 4n sang tao dac thu nhu khi duoc thiét ké thu cong badi cac nha

thiét ké chuyén nghiép. [14].
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1.2.4. Vai tro ciia ky thudt PCG trong vigc phdt trién cic man choi

Trong linh vuc phat trién trd choi dién tir, mot man choi (level) dugc hiéu 1a mot
don vi cdu tric khong gian hodc logic ma ngudi choi phai twong tic va vuot qua dé dat
duoc mot muc ti€u cu thé trong tién trinh choi. Pdi v6i cac thé loai tro choi nhu
platformer, puzzle, roguelike, ... thiét k& man choi khong chi 13 mét yéu td quan trong
trong viéc xdy dung trai nghiém nguoi dung, ma con chiém mot ty 18 déang ké trong tong
chi phi phat trién tro choi [1].

Qua trinh thiét ké man choi doi hoi su két hop hai hoa gitta yéu t6 thach thirc va
kha nang giai tri, ddng thoi phai dam béao tinh nhat quan véi phong cach nghé thuat va
quy luat hoat dong ciia tro choi. Piéu ndy thudng yéu cau sy tham gia truc tiép ciia doi
ngil thiét ké thong qua céc cong cu chinh stra thu cong, dan dén chi phi san xuét cao va
han ché trong kha ning mé rong quy mé ndi dung.

Trude thyc trang nay, ky thuat tao ndi dung tu dong (Procedural Content
Generation — PCQG) da va dang dugc ting dung ngay cang rong rai nhu mdt giai phap
tiém nang nhim ty dong hoa qué trinh thiét ké man choi. Thong qua viéc st dung tap
hop cac quy tac, thuat toan, hodc mo hinh hoc may, PCG c6 kha ndng tao ra hang tram
dén hang nghin man choi khac nhau véi chi phi thiét ké thii cong ti thiéu, dong thoi
van duy tri dugc tinh nhit quan vé logic va thAm my trong trd 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 1ip lai;

« Ca nhan hoa trai nghiém choi dua trén dic diém va niang luc cia timg ngudi
dung;

« Tao méi trudng hoc tap phong phu cho ca nguoi choi 1an cac hé thong tri tué
nhan tao trong tro choi hoc thich nghi (adaptive learning games).

Theo phan loai ctia Togelius va cong su [4], ing dung PCG trong thiét ké man
choi ¢ thé dugce chia thanh ba cép dd dya trén pham vi va chi tiét noi dung dugc tao ra:

1. PCG vi mo (Micro-level PCG): Tép trung vao viéc sinh ra cac chi tiét nho
trong man choi nhu vat phém, ddi thu, chudng ngai vat hoac hi€u ung hinh anh. Bay la
16p thap nhat trong phan cap PCG, thudng yéu cu kiém soat chinh xac vé vi tri va tinh
ning cua ting phan ta[15].

2. PCG trung binh (Meso-level PCG): Sinh ra cic module cdu triic trung gian

nhu phong, hanh lang, hodc khu vyc chirc ning. O cap do nay, hé théng can dam bao su
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lién két logic gitra cac module dé duy tri trai nghiém ngudi choi mach lac va hop 1y[15].

3. PCG vi mo6 (Macro-level PCG): Tao ra toan bo bd cuc ctia man choi hodc thé
gidi tro choi, bao gdm céu tric ban do tong thé, tuyén hanh trinh va tién trinh cta ngudi
choi trong toan bo tro choi. Pay 1a cip do c6 do phic tap cao nhat, yéu cau sy phdi hop
giita nhiéu yéu t6 ngir canh, muc tiéu, va hanh vi ngudi choi.[15]

Mai cép do déu yéu cAu thuat toan va chién lugc kiém soat riéng biét dé dam bao
tinh hop 18, tinh kha thi va gi4 tri thAm my trong trai nghiém nguoi choi.
1.3. Nghién ciru cic thuit toan PCG sir dung trong phat trién tw dong man

choi cho game

Viéc tao man choi béng PCG c6 thé st dung mot hoac nhiéu ky thuat da duogc

gidi thiéu trong phan 1.2. Cac thuét toan PCG cho man choi ¢ thé dugc phan thanh

cacnhom chinhnhu sau:

Thuat toan dya trén quy tic (Rule-based)

Thuat toan tim kiém va t6i wu hoa (Search-based)

Thuat toan dya trén rang budc (Constraint-based)

Thuat todn dua trén hoc may (Machine Learning-based)
1.3.1. Thudt todn dwa trén quy tic (Rule-Based Generation)
a) Mo ta

Thuat toan ndy sir dung mot tip hop cac quy tic xac dinh trude (predefined rules)
dé diéu khién qua trinh tao ra ndi dung tro choi, bao gém ban dd, vat thé, vi tri muc tiéu
hodc ciu tric nhiém vu. Noi dung duoc sinh ra khong phai ngau nhién hoan toan, ma
phai tuan theo cac diéu kién logic va rang budc da duoc lap trinh san, dam bao tinh hop
1¢ va kha ning choi dugc ciia két qua dau ra.

Nguyén 1y hoat dong co ban ciia Rule-Based Generation la dinh nghia mdt tap
hop céac quy tic mo ta cach cac phan tir trong game nén dugc phan bd hoic t6 chirc. Cac
quy tic nay c6 thé duoc biéu dién dudi dang ménh dé logic, biéu thirc diéu kién, hodc
cay quyét dinh (decision trees), va dugc ap dung tuan tu hodc két hop dé tao ra ban d6
hop 1€ [24].

Trong pham vi thiét ké man choi tr déng , mot sb loai quy tic cua thuat toan bao

gom:
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« Quy tic ciu tric (Structural Rules): Dinh nghia mdi quan hé khong gian
giita cac thanh phan, vi du nhu “khong dit tudng chong 1én vat pham”, “1i ra phai ndi
dugc véi diém bt dau”.

« Quy tic vi tri (Placement Rules): Chi dinh noi hop 1¢ dé dat cac ddi tuong
nhu nguoi choi, ké thu, hop, chia khéa, muc tiéu.

« Quy tic twong tac (Interaction Rules): M6 ta cac mbi lién hé logic giita cac
d6i twong, vi du “néu c6 ké thu thi can dat vii khi & gan”, hodc “khoang cach gitta hai
vat pham cung loai phai ti thiéu 1a 2 6.

Qua trinh thyc thi thuat toan thudng gdm ba giai doan chinh:

1. Khéi tao khong gian: Tao ban do nén c6 kich thudc va cau triic co ban (nhu
lu6i hodc bicu do).

2. Ap dung quy tic sinh ndi dung: Quy tic duoc goi tuan tu (theo pipeline)
hoic theo trinh ty ngau nhién c6 kiém soat.

3. Xac nhin va tinh chinh: Ap dung cic buéc danh gia hiu kiém (post-
validation) dé dam bao tinh hop 18 va kha ning choi duoc ciia ndi dung da sinh.

b) Thuat toan vi du

Dugeon Generator: Dungeon Generator 1a thudt toan thuong sir dung ky thuat
space partitioning nhu Binary Space Partitioning (BSP)[16]. Thuat toan chia ban do
thanh cac ving con dé quy, rdi tao phong ngau nhién trong cac ving dé. Sau do, cac
phong duoc két nbi bang hanh lang dam bao tinh lién thong toan ban do.

Céc budc chinh:

e Chia toan bd ban dd thanh 2 phan bang dudng doc hoic ngang (dé quy dén kich
thuée toi thiéu).

e Sinh ngau nhién phong bén trong mdi ving con.

e Tao hanh lang nbi cac phong lién ké.

e Gin thém vat phém, cua, theo quy tac.

Cellular Automata: Thuat toan Cellular Automata 4p dung quy tic cap nhat lan
can dé "mo phong" dia hinh tuy nhién, thudng dung dé sinh cac ban d hang dong hoic
ban do ¢ hinh dang phire tap[16].

Céc budc chinh

1. Khé1i tao ban do 2D véi cac 6 c6 xac suat 1a “d4a” hoac “trong”.
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2. Lap nhiéu vong cap nhat trang thai mdi 6 dwa vao s6 6 “da” xung quanh né.

3. Cit bo cac ving nho, ¢o 1ap.

4. Pam bao ban do con lién thong (bang BFS hoic DFS kiém tra connectivity).
¢) Kha ning tmg dung thuit toan trong céc thé loai game

Thuat toan Rule-Based té ra dic biét hiéu qua trong cac tinh huéng ¢ cAu trac
ndi dung rd rang va cac rang budc khong gian cu thé. Mot sb linh vire tng dung tiéu
biéu bao gdom:

« Game giai d6 (Puzzle Games): D& kiém so4t logic, thiét 1ap d6 khoé timg budc
bang cach thay d6i quy téc.
« Game platformer 2D: D& xay dung ban d6 man choi theo 16p (layered layout),
c6 thé ap dung quy tic vi tri va cau tric.
« Tro choi hoc tip (Educational Games): D& cau hinh dé sinh bai tdp phu hop
voi ting trinh d§ nguoi choi.
1.3.2. Thudt todn tim kiém va t6i wu héa (Search-Based PCG)
a) Mo ta

Thuat toan nay coi bai toan sinh noi dung — cu thé 1a ban dd hodc ciu tric cua
mot man choi — 1a mot qua trinh t6i wu hoa. Noi dung can tao ra dugc xem nhu 1 mot
101 giai trong khong gian tim kiém, va hé thong s& s dung cac thuat toan tim kiém dé
tim ra 101 giai tot nhat theo mot sb tiéu chi xac dinh trudc, thong qua mot ham danh gia
[25]

Qua trinh hoat dong ctia SBPCG c¢6 thé duoc mo ta qua cac budce chinh sau:

1. Pinh nghia khong gian ndi dung (Search Space): La tap hop tit ca cac man
choi kha thi c6 thé duoc tao ra, thuong dugc ma héa dudi dang ma tran chudi ky hiéu,
cay hoac dd thi, biéu dién vi tri tuong, vat can, muc ti€u, nhan vat...

2. Tao ca thé khéi tao (Initialization): Mot hodc nhiéu ca thé man choi dugc
khoi tao ngau nhién dé bit dau qua trinh tim kiém.

3. Panh gia chat hrong (Fitness Evaluation): Mdi cé thé s& duoc danh gia theo
mot hodc nhiéu tiéu chi nhu:

o Tinh kha thi : man choi c6 thé hoan thanh dugc hay khong.

o DG kho: mure do thir thach phu hop voi nguoi choi muyc tiéu.

o Do da dang va tinh mai la

o Can bang game
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4. Tim kiém 10i giai t6i wu: Sur dung cac thuat toan tdi wu nhu Genetic
Algorithm, Simulated Annealing, hoic Monte Carlo Tree Search (MCTS) dé tao ra
cac bién thé moi tir nhitng c4 thé hién ¢, nham cai thién diém danh gia.

5. Piéu kién dirng: Qua trinh s& 1ap lai cho dén khi dat

b) Thuat toan vi du

Genetic Algorithm (GA): m6 phong tién hoa dé tim ra man choi tot nhat thong
qua quan thé giai phap.

Cac buéc thue hién

e M3 héa ca thé: Mdi man choi duge ma héa thanh chudi (vi du: ma tran tile).

e Khéi tao quén thé: Tao tap hop man choi ngiu nhién ban dau.

e Danh gia : St dung cac ham nhu: BJ kho phu hop, Ty 1€ tile twong/san hop
1y, C6 thé hoan thanh khong (playability test)

e Lai ghép + ddt bién: Sinh c4 thé mdi bang recombination + mutation.

o Lap: Lap dén khi dat duoc cé thé toi uu hodc sb thé hé tbi da.

Monte Carlo Tree Search (MCTS): 1a thuit toan tim kiém trong khong gian
hanh dong bang cach lay mau ngau nhién va xay dung cy quyét dinh.

Cac budc chinh

o Selection: Tir gdc, chon node theo UCB1 (Upper Confidence Bound).

« Expansion: Néu node khong phai 14, md rong cdy bang cach thém hanh dong
moi.

o Simulation: Thuc hién ngau nhién dén trang thai két thiic (man choi day du).

« Backpropagation: Cap nhat gi tri node dua trén két qua mo phong.

¢) Kha ning tmg dung thuit toan trong cac thé loai game

Thuét toan Search-Based PCG dic biét phul hop trong cac bdi canh thiét ké tro
choi doi hoi tinh da dang ndi dung, su tuy bién cao va kha nang t6i vu hoa dua trén cac
muc ti€u dinh luong cu thé.

« Game giai @6 (Puzzle Games): C6 thé dugc dung dé sinh ra cac thir thach
logic c6 murc 6 kho khac nhau, dong thoi dam bao tinh duy nhat cta 101 giai.

« Game chién thuat thoi gian thue (RTS) hoic chién thuit theo lwot (TBS):
Thuat toan co thé hd trg sinh ban do thi dau, bd tri tai nguyén, hodc thiét 1ap diéu kién
khoi dau sao cho dam bao can bang giita cac bén

« Game platformer: Véi dic trung vé chuyén dong theo chiéu ngang, nhay va
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né tranh vat can, cac game platformer cé thé tan dung SBPCG dé sinh ra dia hinh, vat
pham, va chudng ngai sao cho phu hop véi nhip d6 va k§ ning ctia ngudi choi
1.3.3. Thudt toan dwa trén rang bugc (Constraint-Based PCG)
a) Mo ta
Thuat toan nay sir dung cac tip hop rang budc— tic 1a cac quy tic, diéu kién hoidc
gi61 han dugce xac dinh trude — dé dinh hudng qua trinh sinh ndi dung mot cach hop 1€,
c6 kiém soat. Day 1a cach tiép can dic biét phu hop trong céc trd choi dang puzzle nhu
Sokoban, sudoku, hodc cdc game xay dung man choi ¢ cau tric phirc tap, doi hoi tun
thii cac quy luat logic nhat dinh[24].
BPCG thuong dugce cai dat thong qua cac k¥ thuat giai bai toan rang budc nhu:
o Constraint Satisfaction Problem (CSP): st dung trong vi¢c xac dinh cac gia
tri bién hop 1€ vo1 cac rang budce roi rac.
« Backtracking search: tim kiém 10i giai trong khong gian trang thai, i lai khi
gip mau thuan.
e SAT/SMT solvers: ap dung cho céc bai toan rang budc logic phuec tap.
b) Thuat toan vi du
Wave Function Collapse: sinh ban d6 bang cach chon trang thai kha thi cho mbi
0 sao cho thdéa man cac rang budc tur 1an can.
Cac budc thuc hién
e Phan tich miu dau vao: Trich xuit cac tile mau va luat lién két
e Khoi tao mdi 6 ban dd ¢ trang thai da kha ning
e Chon 6 c6 entropy thp nhat (it lya chon nhat).
e Collapse (gan gia tri) — Lan truyén rang budc — Liap lai dén khi hoan tat hodc
that bai.
¢) Kha ning tng dung thuat toan trong céc thé loai game
Thuat toan dua trén rang budc (Constraint-Based PCG) thé hién hiéu qua cao
trong viéc tao ndi dung cho céc trd choi ¢6 ciu tric logic chit ché hodc yéu cau nghiém
ngit vé bd cuc, su hop 18 va tinh kha thi trong gameplay. Thuat toan phu hop véi nhiéu
thé loai game hién dai c6 yéu cau cao vé do chinh xac va kiém soat noi dung
« Game giai dd (Puzzle Games):. C4c bai toan logic nhu Sudoku, Sokoban,
hoic cac loai cau d6 khong gian déu yéu cau hé thong sinh ndi dung dam bao tinh duy

nhat cua 101 giai va do khoé co thé kiém soat duogc
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o« Game xiy dung va mé phoéng (Simulation / City-building Games):
Constraint-Based PCG giup tu dong hoa viéc sinh ban dd, cAu trac khu vuc, hodc thiét
ké khong gian sao cho pht hop voi myc tiéu phat trién ctia nguoi choi va cac quy luat
phat trién d6 thi ao.

« Game chién thuit va nhip vai (Strategy / RPG Games): Céac ban db chién
thuat, hé théng nhiém vy hodc mo6 hinh cay k¥ nang co thé duoc sinh theo rang budc vé
tién trinh, cap d6 nhan vat, hodc twong tic giira cac nhan to gameplay
1.3.4. Thudt toan dwa trén hoc mday (Machine Learning-Based PCG)

a) Mo ta

Thuat toan s& sinh ndi dung tro choi bang cach st dung cac mé hinh hoc may
duoc huan luyén tu tap dir licu mau (dataset), thuong bao gém cac man choi da duoc
thiét ké thu cong. Mo hinh hoc tir cac dac diém dac trung trong dir liéu (vi du: cAu tric
khong gian, mutc do thir thach, cach bd tri vat thé...) dé tir d6 tong quat hoa va tao ra
cac man choi moi[26].

Mot sb ky thuat thuong duoc ap dung trong ML-PCG bao gom:

« Supervised Learning (Hoc ¢é giam sat): Ap dung khi c6 dit liéu gan nhan ro
rang, vi du: phan loai do kho6 cia man choi, du doan vi tri vat thé.

« Unsupervised Learning (Hoc khong giam sat): Dung dé kham pha cau trac
tiém an trong dit li¢u, vi du: nhom cac loai man choi tuong déng.

« Generative Adversarial Networks (GANs): M6 hinh sinh d6i khang duoc
ung dung dé sinh ra ban dd hodc bd cuc man choi tuong tu nhu ban thiét ké that.

« Variational Autoencoders (VAEs): M6 hinh ma hoa — giai ma giap hoc biéu
dién an cta dit liéu man choi va tao ra bién thé mai c6 tinh nhat quan.

« Reinforcement Learning (Hoc ting cuwong): Ap dung trong méi truong
dong, noi hé théng sinh man choi hoc cach tdi wu héa cau trac dya trén phan hoi tur
nguoi choi hodac mé phong.

b) Thuat toan vi du

Generative Adversarial Networks : GAN gom hai mang hoc siu — Generator
(G) va Discriminator (D) — dau véi nhau. G ¢ gang sinh man choi gidng that, D ¢ géng
phan biét that/gia[26].

Cac budc thuc hién

« G sinh ban d6 tir vector nhiéu ngau nhién.
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« D dénh gia ban d0 1a that (tir dir liéu huan luyén) hay gia.
e G vaD hoc lién tuc: G cai thién kha nang Itra D, D cai thi¢n kha nang phan
biét.

Long Short-Term Memory (LSTM): LSTM 1a mang héi tiép cai tién c6 kha
ning ghi nhé cac quan hé dai han trong chudi dit liéu — thich hop dé sinh cac chudi tile
nhu man choi dang tuyén tinh (platform)[26].

Cac budc chinh

« Selection: Tir gbc, chon node theo UCB1 (Upper Confidence Bound).
« Expansion: Néu node khéng phai 14, m& rong cy bang cach thém hanh dong
moi.
« Simulation: Thyc hién ngiu nhién dén trang thai két thuc (man choi day du).
« Backpropagation: Cap nhat gia trj node dura trén két qua mo phong.
c¢) Kha ning tmg dung thuét toan trong cac thé loai game

Thuat toan dua trén hoc may (Machine Learning-Based PCG) mang lai tiém ning
to 16n trong viéc ca nhan hoa ndi dung, téi uu hoa trai nghiém ngudi choi va nang cao
kha néng thich trng cta tro choi vé1 hanh vi nguoi dung

« Game phiéu Iru thé giéi mé: ML-based PCG c6 thé hoc tir dit liéu ban db c6
san hodc hanh vi ngudi choi dé sinh ra céc vung dét, nhiém vu phu (side quests), hoac
hanh vi NPC ¢6 tinh thich nghi cao, qua d6 lam tang cam giac chan thyc va kha nang
nhap vai cua nguoi choi.

« Game chién lwgc va xdy dwng: Machine Learning giup sinh cac chién luogc
dbi tha c6 thé hoc dugc tir cach choi cia ngudi ding, ddng thoi ca nhan hoa ban dd theo
phong cach choi quen thude.

« Game hanh dong nhip vai (Action RPG) : Thuit toan hoc may c6 thé dugc
huan luyén tir dit liéu ngudi choi dé tao ra cc thir thach phu hop véi ki nang hién tai,
hoic sinh cac loot va vat phdm co gié tri twong Gmg véi tién trinh cua tro choi.
1.4.Nghién ciru vé 1y thuyét xac xuit, Iy thuyét tro choi
1.4.1. Tong quan vé Iy thuyét xdc xudt

Ly thuyét xac suat (Probability Theory) 14 4p dung cho thuit toan khong thé dy
doan mot cach chic chan, ma thay vao d6 dugc mo ta thong qua cac kha nang xay ra véi
nhitg mirc d x4c suit khac nhau. Day 1a nén tang 1y thuyét cbt 15i cua nhiéu linh vuc

hién dai nhu théng ké suy dién, hoc may (machine learning), tri tué nhan tao (Al), xur ly
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tin hiéu sd, cling nhu trong thiét ké cac hé thdng tao ndi dung tir dong (procedural content
generation).[17]

a) Khong gian xac suat

Mot khong gian xac suat dugc dinh nghia dudi dang bo ba (,F,P), bao gém:

e Q (sample space): Tap hop tat ca cac két qua c6 thé ctia mot thi nghiém ngau
nhién.

o F (sigma-algebra): Tap hop cac bién cb (hay su kién) c6 thé do ludng duoc
trén Q\OmegaQ, thda min cac tinh chat cua dai s6 sigma.

o P (probability measure): Mot ham anh xa tir F vao khoang [0,1][0,1][0,1], thoa
man tinh chét sigma-additive P(Q)=1.[27]

b) Cac dinh 1y nén ting

Hai dinh 1y quan trong trong 1y thuyét xac suat hd trg cho viéc suy luan thong ké
va hoc may la:

o Luat s6 16n (Law of Large Numbers — LLN): khang dinh rang trung binh cua
cac quan sat doc 1ap s& hoi tu vé ky vong cua bién ngiu nhién khi sb lugng mau tién dén
v6 han).[17];

« Dinh 1y gidi han trung tim (Central Limit Theorem — CLT): phat biéu rang
tong (hodc trung binh) ctia nhiéu bién ngu nhién doc 1ap va c6 phan phdi bat ky nhung
cung ky vong va phuong sai hitu han s& x4p xi phan phdi chuan khi sé lugng bién du
16n.[29]

Nhitng dinh 1y nay 1a co s¢ dé suy luan thng ké va xay dyng mé hinh hoc tir dit
liu.

¢) Cac md hinh xac suit trong Al

Trong linh vuc tri tué nhén tao, 1y thuyét xac suat dugc ap dung rong rii thong
qua cac mo hinh d6 hoa va chudi thoi gian, nhim mé ta mbi quan hé gitta cac bién hoic
trang thai trong hé thong. Mot sé mo hinh quan trong bao gom:

« Mang Bayes (Bayesian Networks): 1a mo hinh d6 thi c6 hudng thé hién méi
quan hé nhan qua giita cac bién ngu nhién. Cac canh trong d thi biéu dién mdi lién hé
xac suat c6 diéu kién, cho phép hé thong suy luan dira trén thong tin khong day da).[17].

o Mang Markov (Markov Random Fields): 12 m6 hinh khéng c6 hudng, dac
biét hitu ich trong cac hé thdng co tinh chit cuc bd cao nhu xtr 1y anh va thi giac may

tinh. [17]
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« M4 hinh Markov an (Hidden Markov Model —- HMM): 13 c6ng cu manh dé

mo hinh hoéa cac qua trinh chudi 6 trang thai 4n, nhu nhan dang tiéng noéi, phan tich dir
li¢u thoi gian hodc xur Iy ngdén ngit ty nhién.[17]

« Markov Decision Process (MDP): 1a mé hinh ra quyét dinh trong méi trudng
c6 tinh ngiu nhién, c6 sitr dung khai niém phan thudng va xac suit chuyén trang thai.
MDP 14 nén tang quan trong trong hoc ting cudng (reinforcement learning) va cic hé

thdng hoc thich nghi. [17]

OENOCICIONNO
OWCROIC0 e‘@

Bayesian Hidden Markov
Network Markov Model Decision
Process

Hinh 1. 2 Cdc mé hinh xdc sudt trong Al

Nhitng m6 hinh nay dong vai tro quan trong trong NLP, xtr 1y tin hi€u, robot hoc
va ra quyét dinh trong diéu kién bét dinh.

Ly thuyét xac suat khong chi cung cap ngdn ngir toan hoc dé mé ta su bat dinh,
ma con dong vai trd then chdt trong viée phat trién cac mé hinh théng minh va tu dong.
Cac nguyén Iy cua xac sudt gitp hé théng phan mém co thé hoc hoi tir dir liéu, du doan
xu hudng, ra quyét dinh hiéu qua va sinh ra noi dung mot cach linh hoat.

1.4.2. Tong quan vé Iy thuyét tro choi

Ly thuyét tro choi (Game Theory) 1a mdt linh vuc lién nganh trong toan hoc tng
dung, kinh té hoc va khoa hoc may tinh, chuyén nghién ctru cac mo hinh tuong tac chién
lugc giira cAc tac nhan co 1y tri (rational agents). Ly thuyét nay cung cap mot khung 1y
thuyét toan dién nham phan tich cac tinh huéng trong d6 hanh dong ctia mot d6i tuong
khong chi phu thudc vao quyét dinh cia chinh né ma con phy thudc vao lya chon cua
cac dbi twong khéc trong cing méi trudng. Muc tiéu chinh cua 1y thuyét tro choi 1a xac
dinh céc chién lugc toi vu cho mdi tdc nhan trong mot tro choi, dua trén gid dinh réng
tat ca cac bén déu hanh xir mot cach hop 1y va co hiéu biét day du vé quy tic cua tro

choi [18]
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Ly thuyét trd choi dugc khai ngudn tir cong trinh nén tang “Theory of Games and
Economic Behavior” (1944) ciia John von Neumann va Oskar Morgenstern, danh dau
budc ngoit trong viée tng dung cac phuong phap toan hoc vao kinh té hoc va ra quyét
dinh [31]. Tw do, linh vuc nay da dugc mé rong va ing dung rong rai trong nhiéu linh
vuc khac nhau nhu quan tri kinh doanh, chién lugc canh tranh, dam phan, sinh hoc tién
hoa, chinh tri hoc, va gén day la trong linh vuc tri tu¢ nhan tao va thiét ké hé théng da
tac nhan (multi-agent systems). 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 ddi chién luge cua minh don phuong vi ho da dat lgi ich tdi da, gia st cac nguoi
choi con lai khong thay dbi lva chon ciia minh [19].

Trong linh vyc khoa hoc may tinh, dac bi€t 1a tri tu¢ nhan tao, 1y thuyét tro choi
dong vai tro quan trong trong thiét ké cac hé thong da tac nhan, noi cac thuc thé phan
mém can phdi hop hodc canh tranh dé dat muc tiéu riéng. Cac ng dung cu thé bao gom:
dau gia dién tt, 1ap lich phan phéi tai nguyén, diéu phdi giao thong théng minh, va cac
tro choi chién luoc ao (game Al). Gan ddy, 1y thuyét tro choi ciing duge tich hop vao
cac md hinh hoc ting cudng nhiéu tac nhan dé xay dung cac hé thdng thich nghi trong
mdi truong dong [20].

1.5. Két luan chwong

Chuong 1 da trinh bay co s& 1y luan va bdi canh nghién ciru cho viée tmg dung
k¥ thuat Procedural Content Generation (PCG) trong phat trién man choi tro choi dién
tir. Trudc hét, chuong di phén tich xu thé phat trién nhanh chong ctia nganh cong nghiép
game hién dai, trong d6 yéu cau vé viéc cung cap ndi dung da dang, phong phu, c4 nhan
hoa va c6 kha nang cdp nhat lién tuc dugc xac dinh 1a yéu t5 then chdt. Bén canh do,
cac han ché cua phuong phap thiét ké man choi thii cong truyén thng, nhu chi phi phat
trién cao, thoi gian xay dung kéo dai va kho khin trong viéc mé rong quy mé, di dugc
chi ra rd rang.

Dé giai quyét nhiitng thach thirc nay, chuong da gidi thiéu k§y thuat PCG nhu mot
giai phéap tiém nang, cho phép tu dong hoa qua trinh tao ndi dung, nang cao tinh ngiu
nhién, kha ning tai choi, ciing nhu mo rong pham vi va quy mé thiét ké mot cach hiéu
qua. Tiép theo, d an da phan loai va phan tich cac nhom thuat toan PCG phd bién, bao
gém: thuat toan dua trén quy tac, thuat toan tdi wu hoa va tim kiém, thuat toan dua trén

rang budc va thuat toan hoc may.
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Ngoai ra, chuong ciing dd dé cap dén cic co sd toan hoc lién quan, cu thé 13 Iy
thuyét xac suat va Iy thuyét tro choi, nhim cung cap nén tang khoa hoc cho viéc xay
dung va t6i wu hoa cac thuat toan PCG, dam bao noi dung sinh ra vira dap tng tinh hop
1€, vira phu hgp véi hanh vi va trai nghiém cua nguoi choi.
Két qua phan tich trong chuong 1 13 nén tang quan trong cho cac ndi dung nghién

ctru va trién khai k¥ thuat PCG trong cac chuong tiép theo cua dé an.
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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 ndy, dé an s& nghién ctru va phan tich lya chon tir cic thudt toan
trong PCG tim hiéu & chuong 1 dé nghién ctru xy dung mot mé hinh phan mém tng
dung k¥ thuat PCG c6 thé tich hop hd tro tao ra cac man choi tu dong, dap Gmg nhu ciu
ctia nguoi choi va yéu cu cta nha phat trién.

2.1. Nghién ctru Mé hinh phin mém sir dung ky thuit PCG dé tao sinh ndi
dung tw dong man choi cho cac game

Mot hé théng phan mém ap dung k¥ thuat Procedural Content Generation (PCG)
thudng dugc cau trac gdm bén thanh phan chinh: (1) dau vao (input data), (2) mo-dun
sinh noi dung (Generator), (3) mo-dun danh gia chat luong (evaluation module), va (4)
dau ra (generated content). Cac thanh phan nay phdi hop chit ché voi nhau nham dam
bao quy trinh sinh noi dung ty dong dién ra hiéu qua, c6 kiém soat va dap tmg duoc muc
tiéu thiét ké cua hé thong[15].

Input Data vao dong vai tro xac dinh cac diéu kién khoi tao va gi61 han cho qua
trinh tao ndi dung. Tuy theo phuong phap trién khai, dau vao c6 thé bao gdm céc gia tri
seed, tap luat hoac quy tic thiét ké, md hinh hoc may da huin luyén san, hodc tham chi
1a dir liéu hanh vi ngudi choi thu thap dugc tir cac phién choi trude. Cac thong sb dau
vao ndy anh huong truc tiép dén dic tinh ngiu nhién, tinh da dang va mirc d6 ca nhan
hoa cia ndi dung dugc tao ra.

Generator (Mo-dun sinh n¢i dung) la thanh phén c6t 161, chiu trach nhiém tao
ra cic ban dd, nhiém vu, vat phém hodc dbi tuong trong tro choi dya trén dau vao da
cung cip. Tuy theo yéu cau hé théng, mo-dun nay c6 thé trién khai cac thuat toan sinh
ndi dung nhu L-System, Perlin Noise, Markov Chains, hodc cac m6 hinh hoc may hién
dai nhu Generative Adversarial Networks (GANs). Viéc lya chon thuat todn phu hop
phu thudc vao loai néi dung can tao, muc do phtc tap cua thé gi61 tro choi va yéu cau
vé tinh ngau nhién hoic tinh logic.

Evaluation( Mo-dun danh gia chat lwong) co vai tro dam bao rang ndi dung

sinh ra dap tng céc tiéu chi thiét ké nhét dinh. Cac tiéu chi nay thudng bao gdm kha
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ning choi duge (playability), do kho hop 1y, tinh nhit quan logic, va yéu té thim mj.
Déi voi cac hé théng chuyén sau hon, mo-dun nay con thuc hién kiém tra chéo véi dir
lidu thuc té dé phat hién cac truong hop 16i hodc cac kich ban bat kha thi. Viéc tich hop
mo-dun danh gia chat lugng gitip dam bao dau ra khong chi hop 1¢ vé mat ky thuat ma
con phu hop voi trai nghiém ngudi dung.

Generated Content( Két qua déu ra) 1a noi dung tro choi da dugc tao va kiém
duyét, co thé dugc st dung truc tiép hoac tiép tuc tinh chinh thong qua vong lap phan
hdi. Trong cac h¢ théng hién dai

Vong lap phan hdi (feedback loop) thuong dugc tich hop dé cai tién qua trinh
sinh ndi dung dua trén phan hoi ciia nguoi choi hodc phan mém mé phong. Vong lap
nay cho phép hé thong hoc hoi va tu diéu chinh nham tao ra cic ndi dung ngay cang phu

hop hon v&i muc tiéu thiét ké va hanh vi nguoi choi.

Input Data Generator Evaluation
(Random seed, (Playability,
design rules, user aesthetics, ...)
data, ...
A
o )
Feedback Loop |«—
. _J
4 )
Generated | Generated
Content ) Content

Hinh 2. 1Mé hinh tong quan hoat déng ky thudt PCG tao sinh
Quy trinh hoat dong ctia mé hinh duoc t6 chirc theo vong lap khép kin, gom cac
budc sau:
« Budc 1: Nguoi dung (thuong 1a nha phat trién hodc nha thiét ké game) ciu
hinh cac tham s6 dau vao thong qua giao dién diéu khién.
« Budc 2: Bo may sinh ndi dung ap dung cic quy tic da dinh nghia dé tao ban
d6 man choi.

« Budc 3: Noi dung dugc chuyén sang module danh gia dé kiém tra chét luong
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va tinh kha thi.

« Budc 4: Néu noi dung dat yéu cau, hé thdng xuét két qua; néu khong, hé thong
s& tr dong tai sinh (hodc cho phép ngudi dung diéu chinh quy tic).

Trong md hinh tong quat ctia hé théng tao sinh ndi dung tyr dong bang ki thuat
Procedural Content Generation (PCG), cac thuit toan PCG — bao gém Rule-Based,
Search-Based, Constraint-Based hoac Machine Learning-Based — dong vai tro trung tam
trong mo-dun sinh noi dung (Generation Engine). Day 1a thanh phan chiu trach nhiém
chinh trong vi¢c hién thuc hoa qua trinh tao ndi dung méi tir dir li¢u dau vao d3 xac dinh.
Viéc trién khai cac thuat todan PCG trong mo-dun sinh ndi dung con cho phép sir dung
cho nhiéu thé loai game va trién khai cho nhiéu noi dung va chitc niang khac nhau
2.2.Phan tich kha nang ing dung cic thuat toan PCG tao man choei ty dong

trong cac thé loai game theo cdu triic man choi (level-based game)

Trd choi theo ciu trac man choi (level-based games) 1a nhom game trong d6
nguoi choi tién trién qua cac man choi riéng bié¢t, duoc thiét ké vé6i do kho va muc tiéu
khac nhau, thuong doi hoi k¥ thuat tao ndi dung da dang va kha nang diéu chinh do kho
hop 1y Nhitng thé loai nay doi hoi hé théng man choi ¢ cau triic phirc tap, bién hoa linh
hoat va c6 kha ning mo rong khong gidi han, vi vy céc thé loai game nay c6 thé ap
dung céc thuat toan PCG nham tao ra hang trim dén hang nghin man choi khac nhau
v6i chi phi thiét ké thi cong t6i thiéu, dong thdi van duy tri dugc tinh nhat quan vé logic
va tham my trong tro choi tong thé.

Trong nghién ctru ndy, em s& phan tich ap dung thuét todan PCG cho céc thé loai
game cau tric man choi, cac thé loai game phd bién nhét cta loai game ciu trac man
choi la: Roguelike games, Platformer games, Puzzle games
2.2.1 Ung dung cdc thugt todn PCG tao man choi tw dong cho thé loai game

Roguelike

Roguelike 1a mot thé loai tro choi dién tir c6 dic diém ndi bat 13 thiét ké man choi
theo kiéu ngau nhién, hé théng ban dd duoc sinh dong mdi 1an choi, d6 khoé cao, va co
ché "permadeath" (chét vinh vién khong luu game). Uu diém cua tro choi thé loai nay
nam & kha nang tao ra trai nghiém méi mé, khong lap lai gitra cac lan choi, tir d6 nang
cao gia trj choi lai (replayability) cho nguoi dung. Viéc ap dung k§ thuat PCG vao thé

loai game ndy s& duoc 4p dung cha yéu trong thanh phan (2) Generation Engine — Bo
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may sinh ndi dung nham st dung céc thuit toan phi hop dé sinh ra cac ban dd, hoidc vt

pham hop 1¢ va sinh ra map phi hop nbi tiép tuyén duong hién co

Hinh 2. 2Game thé loai Roguelike

Mo hinh phan mém &p dung PCG cho thé loai Roguelike van tuan thu theo cau
tric gdm boén thanh phan chinh theo hinh 2.1:

(1) Input Parameters — Tham s0 dau vao

Céc tham sé dau vao anh hudng truc tiép dén dic tinh sinh ban d6, bao gdm:

« Seed: gi4 tri hat giéng dé dam bao tinh ngiu nhién tai sir dung.

« Mirc d6 kho: anh huong dén sé luong quai vat, vat pham, d6 rong hanh lang.

« Kich thudc ban dd: chiéu cao, chiéu rong cho ting tang (floor).

o Tan suat sinh d6i tuong: s lugng vat pham, cam bay, ké dich.

(2) Generation Engine — By may sinh ngi dung

« Thuit toan chii dao: két hop Rule-Based va Search-Based PCG.

o Chi tiét trién khai:

o Phan chia ban d6 bang BSP (Binary Space Partitioning) dé sinh cac phong va
hanh lang nbi lién.

o Ap dung Rule-Based dé gan vi tri cira, vat phém, diém bat dau/két thac, quy
dinh khong gian hop 1¢.
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o Search-Based PCG (nhu Genetic Algorithm hodc Monte Carlo Tree Search)
dugc dung dé t6i uu hoa tuyén dudng hop 1y, tao ra cau tric ban d6 dam bao kha ning
di chuyén va mc do thtr thach phu hop.

(3) Evaluation Module — Mé-dun danh gia chat lwgng

« Dam bao cac yéu cau:

o Playability: ngudi choi co thé di chuyén tir diém bét dau dén muc tiéu.

o Tinh ngiu nhién hop 1y: khong tring 1ap ban d6 qua cac luot choi.

o Tinh can bang: ty 1& xuét hién vt pham — ké dich — by phu hop véi do kho.

(4) Generated Content — N§i dung diu ra

« Bao gdm toan bd ban d6 mdi tang, danh sach vat pham, vi tri quai vat va trang
thai moi trudong (cira khoa, cam bay).

e NOi dung dau ra c6 thé duogc ghi lai hoac tai tao bﬁng cach st dung seed ban
dau.

So sanh wu diém va nhugc diém Gng dung cac thuit toan cua k¥ thuat PCG véi
thé loai game Roguelike

Bang 2.1 So sanh wu diém va nhwoc diém g dung cdc thudt todn cia ky thudt PCG

véi thé loai game Roguelike

Thuat toan

U'u diém Nhuoc diém Mirc d9 phit hop
PCG
Kiém soét chit ndi dung, ||Thiéu tinh khdm pha |Trung binh (pht hop
Rule-Based dé mé rong quy tic, ciu cao néu khong két hop |[hon cho bd cuc co ban

hinh tuy chinh linh hoat thém ngau nhién héa ||va rang budc vi tri)

Tao ban do tbi wu theo Chi phi tinh todn cao ||Trung binh (phu hop

Search-Based |[nhiéu tiéu chi, dam bao tinh|lhon, khé tuning tham ||cho tao duong di, cAu

kha thi ctia ban d6 5O tric dungeon phirc tap)
N Thiéu kha nang sang
Constraint- Pam bao cac diéu kién ,
‘ ) tao néu rang budc qué |Trung binh—Cao
Based logic/phéap 1y nghiém ngat
cung
Machine Hoc hanh vi nguoi choi, ty ||[Yéu cau dit liéu huén i _
o . ) ', Thap-Trung binh véi
Learning- cai thién ban d6 qua thoi  ||luyén 16n, kho kiém

) ) . |lgame ddc lap nho
Based gian soat ndi dung cu thé
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2.2.2 Ung dung cdc thudt todn PCG tgo man choi tw dong cho thé loai
Platforms game

Platformer 13 mot trong nhitng thé loai game pho bién va c6 lich st phat trién
1au doi. Pic trung co ban cua platformer 13 nhan vat ngudi choi sé di chuyén trong mot
mdi trudng dugc to chic theo chiéu ngang hoidc chiéu doc, nhay qua cc vat can, thu
thap vat pham va né tranh ké thu dé dat dén dich. N6i tiéng nhit cua dong game thé loai
nay 1a Super Mario. V&i cac tro choi platformer hién dai, s6 lwong man choi c6 thé 1én
dén hang tram, voi cac bién thé vé dia hinh, bay, hanh vi ké thi va vat pham thuéng, vi
vay viéc ap dung ky thuat PCG vao thé loai game nay s& duogc ap dung chi yéu muc tiéu
tao cac ciu tric platform chinh nhu san, khoang cach nhay, do cao t?mg tur do tao ra cac

map ndi tiép nhau, ghép lai thanh chudi hop 1y thanh cic map néi tiép nhau.

©1985 NINTENDO

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

Hinh 2. 3Super mario — Game dang Platformer néi tiéng
Duya trén mo hinh phan mém tng dung k¥ thuat PCG tiéu chuan, hé thong tao
sinh man choi platformer c6 thé dugc xay dung véi cac thanh phan chinh nhu sau:
1. Input Parameters (Thong sé dau vao):
o Tap luat vé cdu trac dja hinh (ground, gaps, walls, slopes)
o Céc quy tic vé vi tri chudng ngai vat va vt pham
o D06 kho mong mudn, seed ngu nhién va chiéu dai man choi
o Cac mau mau man choi nhé (level chunks) tai str dung
2. Generation Engine (B¢ may sinh ngi dung):
o Ap dung thuat toan Rule-Based PCG hodc Search-Based PCG dé tao céac

cau truc platform chinh nhu san, khoang cach nhay, d6 cao tang.
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o Chén chuéng ngai vat, ké thu va vat pham thuéng dua trén quy tic twong

tac

o Co thé sir dung cau tric chunk-based composition, noi moi doan man choi

duoc sinh riéng va sau d6 ghép ndi lai theo mot chudi hop 1.

3. Evaluation Module (Mé-dun danh gia chit lwgng):

o Kiém tra tinh kha thi cia man choi: ddm bao nguoi choi c6 thé hoan thanh

vo1 k¥ nang co ban.

o Danh gia do kho thong qua sb luong va mat d6 vat can, khoang cach nhay,

miurc do tuong tac.

o Ap dung mé phong hanh vi nguoi choi dé xac thuc duong di hop 1é (path

validation).

4. Generated Content (Két qua diu ra):

o Man choi day du co6 thé duge sir dung truc tiép trong game engine hodc

1am nén tang cho tinh chinh thii cong sau do.

So sanh vu diém va nhuoc diém ung dung cac thuat toan cua ky thuat PCG véi

thé loai game platformer

Badng 2.2 So sanh wu diém va nhwoc diém g dung cdc thudt todn cia ky thudt PCG

véi thé loai game platformer

Thuat toan

ma van dam bao cau

triic hop 1y

su d6i moi ve cau truc

man choi

PCG Uu diém Nhugc diém Murc do phu hop
Kha nang sinh nhanh  ||Tinh sang tao bi gidi
sO lugng 16n man choi ||han, hoan toan khong c6 |Thap (Khong phi hop véi
Rule-Based

dang game nay)

Search-Based

C6 thé sinh ra cau truc
sdng tao ma van dam

bao logic

Tbc do cham hon do
phai tim kiém qua khong

gian trang thai

Trung binh (phu hgp cho
sang tao cac ciu tric man

chot)

Constraint-

Based

DPam bao sinh man
choi hop 1€ theo céac

rang budc

Thiéu kha ning sang tao

néu rang budc qua cung

Thap(Khong phu hop vai

dang game nay)
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Thuat toan Ut diém Nhuge diém Mike d¢ phit hop
PCG
Thap-Trung binh khong
) ) . ) , phu hop véi game doc 1ap
Machine Hoc hanh vi nguoi Yéu cau dir liéu huan
‘ o B nho dang casual
Learning- choi, tu cdi thién ban  ||luyén 16n, kho kiém soat ]
. o ) . Cao vo1 game 0 tép

Based do qua thoi gian ndi dung cu thé ]
khach hang 16n va dit li¢u
dt nhiéu

2.2.3 Ung dung cdc thudt todn PCG tao man choi tw dong cho thé logi Puzzle

game

Puzzle game 13 mot thé loai tro choi dién tir dic trung boi yéu cau ngudi choi

phai van dung tu duy logic, kha ning phan tich, chién lugc hodc ghi nhé dé giai quyét

cac bai toan duoc dit ra trong game. Mot diém chung ndi bat cia puzzle game 1a hé

théng man choi (level) thudng duoc xay dung dudi dang phan cp, noi mdi man choi la

mot cau dd doc 1ap hoac 1a mét phﬁn trong chudi céc thir thach c6 lién két logic véi

nhau. Vi vay c6 thé thdy, k¥ thuat PCG khi tng dung vao thé loai game nay s& duogc ap

dung chu yéu muc ti€u tao cac ndi dung cho cdc man choi méi sao cho dam bao cé thé

choi, cu trac logic hop 1& va c6 thé ting d6 kho theo ting cip d6 man choi

Hinh 2. 4 Game gidi dé - Where is my Water?
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Duya trén md hinh phan mém sir dung ky thuat Procedural Content Generation

(PCG) gdém bdn thanh phan co ban:

1. Tham s6 diu vao (Input Parameters)

Dbi vai trd choi giai dd, cac tham sé dau vao c6 thé bao gdom:

Do khé (difficulty level): xac dinh sé luong bude giai, mirc do thir thach hoic
s6 lwong thanh phan cin twong tac.

Tap luat logic (Rule sets): quy dinh mdi quan hé rang budc giita cac thanh phan
trong man choi (vi du: khéng c6 nuée canh lira, mot duong di duy nhat, v.v.).
Dir liéu trang thai ban dau (Initial state configuration): dinh nghia diém xuét
phat va muc tiéu can dat dugc.

MAu choi ciia ngudi dung (User behavior data): néu hé thong hd trg ¢4 nhan
hoa.

2. Mo6-dun sinh n¢i dung (Generation Engine)

Mo-dun sinh ndi dung trong puzzle game dong vai tro cbt 16i dé xdy dung man

choi dam bao cac dac tinh:

Ciu tric logic hop 18 (vi du: c6 thé giai duoc bang mot chudi hanh dong duy
nhat).

P phite tap twong wng v6i dd kho mong mudn.

Su da dang vé cach sip xép va kiéu thir thach.

Thuat toan duoc dé xuit 1a Rule-Based PCG, két hop voi Constraint-Based

PCG. Cu thé:

Rule-Based PCG: sinh so d6 man choi dya trén tip hop quy tic ciu tric va rang
budc ndi bod thuat toan co thé ap dung dé tinh chinh man choi theo céc tiéu chi
nhu sb bude giai ngén nhat, nhip d0 tang dan d6 kho.

Constraint-Based PCG: dam bao cac quy tic khong bi vi pham va gitp kiém
tra kha ning giai dugc ciia mdi man choi.

3. Mé-dun danh gia chét lwong (Evaluation Module)

Mo-dun danh gia dam bao rang mdi man choi:

C6 161 giai hop 1¢ va duy nhét (hodc mot sé gisi han 10i giai).

Phu hop voi mire @6 kho dy kién.

Khong gay nham 13n hoic mau thuan trong logic giai d6.

bam bdo sy hai hoa trong tham m¥§ néu co6 y€u t6 hinh anh di kem.
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Phuong phép kiém tra 16i giai thuong str dung backtracking, search tree hoic

SAT solver dé xac nhén tinh kha thi va tinh duy nhat cua 1oi giai.

4. Noi dung diu ra (Generated Content)

Pau ra 1a cac man choi hop 1€, duoc luu dudi dang JSON hodc ciu triic tiry bién,

c6 theé dugc hién thi tryc ti€p trong tro choi. Vi kién triuc nay, cdc man choi ¢ thé:

e Tu dong sinh moi1 khi nguoi choi vuot qua man hién tai.

e Dugc cd nhan hoa theo lich sir choi va do thanh thao cua tung nguoi choi.

e Duogc tai st dung va phat trién nhanh chong cho céc tro choi c6 hang tram man

choi.

So sanh wu diém va nhuoc diém ung dung cac thuat toan cua ky thuat PCG véi

thé loai game Puzzle

Badng 2.3 So sanh wu diém va nhwoc diém g dung cdc thudt todn cia ky thudt PCG

V6i thé logi game Puzzle

Thuét toan

D@ tiry bién theo muc do kho.

ngau nhién.

Uu diém Nhurge diém Miic d§ phit hop
PCG
D@ trién khai, kiém soat chat |[Khéng thich hop véi |[Rét cao (Puzzle game
Rule-Based ché logic game. thiét ké can nhiéu dac bi¢t phu hop voi

thuat toan Rule-Based)

Search-Based

C6 thé t6i wu hoa d6 kho
hodc muc tiéu cu thé (sb budc
giai, d§ phuc tap, thoi gian
hoan thanh).

Thoi gian tim kiém
c6 thé 1au néu khong

c6 dieu kién tot

Cao (phu hop cho tbi
uu hoa @6 kho cac man
choi, thoi gian hoan

thanh)

Constraint- Dam bao sinh man choi hgp |[Yéu cau x4c dinh 16 ||Cao( Rat phu hop véi
Based 1€ theo cac rang budc rang cac rang budc. | dang game nay)
Thap-Trung binh
khong phu hop véi
Machine ‘ ‘ ‘ Yéu cau dit liéu huin game doc 1ap nho dang
Hoc hanh vi nguoi choi, tu _q
Learning- o . . |[luyén 16n, kho ki€ém ||casual
cai thién ban do qua thoi gian ' , )
Based soat ndi dung cu thé ||Cao voi game co tép

khach hang 16n va dit

liéu du nhicu
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C6 thé thiy, Puzzle games 1a mot trong nhitng thé loai phui hop nhit dé tng dung
ky thuat PCG, dac biét l1a cac thuat toan Rule-Based, Constraint-Based, va khi can
thiét c6 thé két hop Search-Based dé diéu chinh d6 kho. M6 hinh PCG giup tiét kiém
thoi gian thiét ké, dam bao chat lwong logic cia man choi, dong thoi dé dang mo rong
quy md trd choi 1én hang trim man ma van duy tri tinh méi mé va hap dan.

2.3. Phin tich lwa chon thé loai game va thuit toian phi hop ap dung dé 4n
2.3.1 Lwa chon thé loai game phit hop trong dé dn

Dua vao phan tich vé kha nang tung dung k¥ thuat PCG vao trong cac thé loai
cling nhu vé pham vi ctia dé an 1a cac mé hinh thuét toan PCG va cic mé hinh game c6
cac man choi va s€ ing dung mo6 hinh PCG dé tao cac man choi tu dong va co thé ung
dung tao nhiéu man choi lién tuc hd tro tao ndi dung cho tirng man choi, dé an lya chon
tro choi giai d6 (Puzzle Games) 1a méi truong tng dung chinh cta ky thuat PCG, cu thé
1a trong viéc tu dong tao sinh man choi.

Ly do lya chon thé loai ndy bao gdm:

« Kiém soat tot logic man choi: Puzzle game c6 tinh chit rang budc logic cao,
dé dinh nghia va kiém soat thong qua cac quy tac thiét ké cu thé, phi hop véi cac thuat
toan PCG c¢6 thé kiém tra tinh hop 1¢ nhu Rule-Based hodc Constraint-Based.

« Kha ning ca nhin héa: Cic man choi c6 thé dugc sinh ra twong tng voi do
kho, hanh vi hodc kha ning suy ludn ctia nguoi choi, ting mirc do phu hop va hap dan.

o Téi wu tai nguyén phat trién: Viéc tu dong sinh hang trim man choi gitp
giam tai ddng ké chi phi thiét ké thu cong, dic biét di voi game mobile ¢6 yéu cau ndi
dung lién tuc pht hop v6i hudng phat trién va huéng nghién ciru cta dé an.

2.3.2 Phan tich lwa chon thudt toan phu hop

Muc tiéu chinh cta dé an 13 nghién ctru va danh gia kha ning 4p dung cac thuét
toan Procedural Content Generation (PCG) trong viéc tao man choi tu dong, déng thoi
trién khai thu nghiém v&1 mot tro choi cu thé nhiam kiém ching hiéu qua thyuc té cua
thuat todn. Sau qua trinh phan tich kha nang tng dung cac thuat toan PCG tao man choi
tu dong trong cac thé loai game theo cdu tric man choi (level-based game), em nhan
thiy rang phuong phap dwa trén quy tic (Rule-Based PCG) tich hop thuat toan
Constraint-Based 1a giai phap phu hop nhat dé 4p dung trong giai doan dau phat trién

cho thé loai game Puzzle.
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Quyét dinh lua chon thuat toan Rule-Based duoc dua ra dua trén mot sd tiéu chi
k§y thuat va thyc tién nhu sau:

« Hiéu qua tinh toan: Phuong phap khong yéu cau xir 1y khdi luong dir liéu 16m,
khong can huin luyén mé hinh hoc méy, do d6 cho phép thuc thi nhanh chong, tiéu tén
it tai nguyén hé thong. Didu nay dac biét hiru ich khi tich hop tryc tiép thuat todn vao
mot tro choi sdn ¢6 ma khong gay anh huong dén hiéu suét tong thé.

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

« Pam bao level sinh ra c6 thé giai dugce: Constraint-Based cho phép cac nha
thiét ké tro choi (game designers) chit dong dam bao 1a quy tic sinh ndi dung, phu hop
v6i dinh hudng thiét ké va két qua level sinh ra c6 thé giai dugc

o Tinh don gian trong trén khai: Thuét toan c6 thé d& dang duoc 1ap trinh bang
bat ky ngdn ngit nio ma khong yéu cau thu vién chuyén dung. Piéu nay lam giam do
phtc tap trong trién khai hé théng va phut hop voi cac nhém phat trién quy mé nho.

« Tinh tiy bién cao: Céc tap luat (rules) c6 thé dé dang thém vao, chinh sira hoic
mo rong tiy theo timg thé loai game, cho phép tai st dung linh hoat va thich nghi véi
cac yéu cau thiét ké khac nhau.

Trong khudn kho dé 4n, thuat toan Rule-Based dugc thiét ké va ap dung theo quy
trinh cu thé nhu sau:

e Xac dinh tap hop quy tic (Rule Sets): Cac quy tic dugc phan chia thanh ba
nhom chinh:

o Quy tic ciu trac: Pinh nghia mdi lién hé khong gian giita cac dbi tuong, dam
bao sy hop 1¢ vé bd cuc téng thé ctia man choi.

o Quy tic vi tri: Xac dinh vi tri hop 18 dé khoi tao hodc dat cac ddi twong nhu
ngudi choi (player), chuéng ngai vat, hodc vat pham trong man choi.

o Quy tic twong tac: Thiét 1ap diéu kién twong tac giira cac dbi twong, dam bao
tinh logic va kha nang choi dugc cua man choi.

e Thiét ké dinh dang dit liéu cho rule: Mdi quy tic duoc dinh nghia theo mét cdu
trac dir liéu chuan héa duéi dinh dang JSON. Céc rule nay dugc xir Iy boi mot bo xir 1y
luat (rule engine) hoat dong song song trong qua trinh sinh ban d6 (map generation),

nham dam bao viéc ki€m tra va ap dung cac quy tac dién ra dung thu tu.
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e Tich hop theo chudi xir Iy (pipeline):

o Giai doan dau: Sau khi ban dd thé duge sinh ra b::ing thuat toan phan chia
khong gian nhi phan (Binary Space Partitioning — BSP), hé thong ap dung céc rule cau
trac dé dam bao céac vat thé khong bi chdng 14n va phan b hop 1y.

o Giai doan tiép theo: Rule vi tri dugc ap dung dé xac dinh vi tri dat nguoi choi
tai khu vyc du khong gian, dong thoi dam bao cac d6i tuong khong vi pham quy tic
khong gian.

o Giai doan kiém thir: Rule twong tac dugc ap dung dé kiém tra va x4c nhan tinh
logic cua cac didu kién tuong tac, dam bao ngudi choi co thé hoan thanh man choi ma
khong gip 16i logic.

e Diéu chinh quy tic theo do kho (Difficulty Scaling): Mdi cap do kho cia tro
choi s€ twong tng vo1 mat tap luat c6 do phirc tap tang dan. Vi du, man choi & céip do
cao hon c6 thé bd sung thém quy tic rang budc nhu sé budc di chuyén t6i da, sé lwong
ké thu, hodc yéu cau giai d6 cao hon.

e Tai str dung quy tic trong nhiéu mau template: Cac quy tic dugc triru tuong
hoa va thiét ké doc 1ap véi logic cu thé cua timg man choi. Nhd d6, chung ¢ thé dé
dang tai sir dung cho céc loai man choi khac nhau hodc tich hop véi nhiéu kiéu tro choi
¢6 16i choi tuong dong

Vi¢c ap dung phuong phap Rule-Based khong nhirng gitp don gidn hoa qua trinh
sinh man choi ma con cho phép ma rong dé dang trong twong lai, dic biét phu hop véi
muc tiéu phat trién cac game thudc thé loai giai 6 (puzzle)

2.4. Két luan chwong

Chuong 2 cta dé an da tap trung trinh cac ndi dung 1y thuyét va k¥ thuat nén tang
lién quan dén viéc Gmg dung k¥ thuat Procedural Content Generation (PCG) vao qué
trinh phat trién man choi cho trd choi dién tir tir d6 dua ra khuyén nghi vé thé loai game
va thuat toan PCG phu hop voi muc tiéu cia dé an.

Qua danh gia, dé an xac dinh:

« PCG phu hop dé m6 rong ndi dung va ting tinh choi lai cho céc trd choi quy
mo 16n (roguelike, sandbox, thé gié1 md) nhung chua tdi vu dé tu dong tao man
choi méi hoan chinh.

« Dbi véi puzzle game, Rule-Based PCG dap tng tot yéu cau vé logic, kha ning

ki€ém soat va hi¢u qua trién khai.
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Trén co s& do, dé an lya chon Rule-Based PCG lam phuong an tiép can chinh, tao nén
tang cho cac budc thiét ké, thir nghiém va danh gia hé thong sinh man choi ty dong &

cac chuong tiép theo.
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CHUONG 3: TRIEN KHAI VA XAY DUNG PHAN MEM
3.1.Giéi thiéu game du kién tich hop
Trong qua trinh liwa chon trd choi miu dé nghién ciru va phat trién hé thong tao
man choi ty dong st dung k¥ thuat Procedural Content Generation (PCG),trd choi
Sokoban dugc lwa chon nhd véo tinh chat don gian vé luat choi va tiém nang tich hop
cac thuat toan sinh ndi dung tu dong. Sokoban la mdt tro choi giai dd ¢b dién, trong do
nguoi choi ¢6 nhiém vy day cac thung hang dén ding vi tri muc tiéu da dinh trén ban
dd. V6i co ché diéu khién co ban (chi di chuyén va diy thung), trd choi d& dang trién
khai bang cac cong nghé web nhu HTMLS, JavaScript va Canvas ma van dam bao tinh
thir thach nhd khong gian chién luoc cao.
Luat choi co ban:
« MBoi luot, ngudi choi c6 thé di chuyén hodc day 1 thung hang.
« Chi déy, khong duoc kéo thung.
« Khong thé day hai thung cung luc.
o Tro choi két thuc khi tit ca thung hang duoc dat dang vao vi tri dich.

Hinh 3.1 Game Sokoban co ban

Vé mat ky thuat, Sokoban cé cAu trac ban dd dang ludi vuong 2D, sb luong doi
turong gi6i han (tuong, ngudi choi, thung, muc tiéu) va didu kién chién thing 13 rang,
tao diéu kién thuan loi cho viéc trién khai béng HTMLYS, JavaScript va Canvas, cdc ngon
ngit nay ciing 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 ¢ do phirc tap
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va kho khin ting dan theo timg cip do. Pong thoi, hé thdng con c6 thé danh gia kha

ning giai duoc ciia mdi man choi thong qua cac thuat toan tim kiém dudng di nhu BES,

dam bao tinh kha thi va hop Iy trong thir nghi¢m. ,

Muc tiéu cua chuong trinh khi tich hgp vao game Sokoban 1a xay dung mot cong

cu sinh man choi ty dong (level generator) tich hop truc tiép vao tro choi Sokoban, st

dung k§y thuat Procedural Content Generation (PCG). Hé théng can dam bao:

Céac man choi sinh ra c6 thé giai duoc (solvable).
C6 sy gia tang vé d6 kho qua timg cap do.
CAu tric ban d6 thay ddi lién tuc da dang, dya theo cAu tric

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

Nguwoi choi

A\ 4
Giao dién Sokoban Game
HTML5 + JS-Canvas
Rule-Based
BSP

B tao man choi
tw dong PCG

D@ liéu ban do 2D
(Mang s6 nguyén)

Hinh 3.2 Mé hinh kién tric tich hop ciia phan mém va game
Céc thanh phan:

User: La tac nhan tuong tac truc tiép vdi hé théng tro choi thong qua céac thao

tac di€u khién trén ban phim (vi du: cac phim miii tén). Nguoi choi la dau vao chinh ctia

hé théng va 1a ddi tuong trung tim cua trai nghiém gameplay. Thong qua hanh vi choi,

ngudi ding gian tiép kich hoat co ché chuyén level va sinh man choi tu dong.

Sokoban Game: Pay la phin giao dién chinh cta hé théng dugc xdy dung bang

t6 hop cong nghé:

HTMLS5: dung dé dinh nghia cau tric khung trang.
JavaScript: xtr 1y logic trd choi, cip nhat trang thai ban d6, kiém tra diéu

kién thing/thua, va diéu khién hanh dong cia ngudi choi.
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o Canvas API: cong cy v€ ban dd 2D, hién thi cac 6 tuong, thung, nguodi choi

va muc tiéu.

Giao dién nay ddng thoi tich hop thuat toan Rule-Based dé kiém tra va dam bao
logic dung dan khi dat vat thé, va sir dung thuat toan BSP (Binary Space Partitioning)
trong giai doan tién xur Iy dé chia khong gian ban dd.

PCG Engine: La thanh phan c6t 151 trong kién trac hé thong, c6 nhiém vu:

« Sinh ra ban d6 ngau nhién (map) dua trén cac quy tic xac dinh.
« Dam bao réng mdi man choi duge tao ra déu ¢ ciu tric rd rang, kha nang giai
duoc va co do kho phu hop véi timg cap do.

Dir liéu map (JSON Data): La két qua dau ra ciia qud trinh sinh man choi, dugc
biéu dién dudi dang mot mang hai chiéu sé nguyén, trong d6 mdi gia tri dai dién cho
mot loai ddi tuong:

Dt li€u nay duoc truyén nguoc tro lai giao dién Canvas dé v& ban d6 man choi
va xtr Iy logic di chuyén, tuong tac trong game.

Quy trinh hoat dong

e Nguoi choi khéi dong trd choi va tuong tac voi giao dién.
e Giao di¢én thyc hién goi ham sinh man tr bd tao man choi ty dong (PCG

Engine).

e B0 PCG str dung thuat toan BSP va Rule-Based dé sinh ra dit liéu ban dd dang
mang.
« Giao dién nhan dit liéu ban dd 2D, hién thj trén Canvas va khéi tao trang thai
game.
« Trong sudt qua trinh choi, néu ngudi choi hoan thanh man, giao dién s& goi lai
bd PCG dé sinh level tiép theo.
3.2.X4y dung va phat trién phan mém tich hop véi game
3.2.1 Yéu ciu chirc niing
e Sinh man choi ngiu nhién c6 kiém soat: Phan mém can dam bao kha nang sinh
ra cac ban d6 man choi khong lap lai, nhung van tuin theo mot bo quy tic logic
dé giir tinh nhat quan trong gameplay.
e Tuy chinh theo tham sé diu vao: Nguoi phat trién game c6 thé cung cip cic
tham s6 nhu:

1. Kich thuéc ban do (rong x dai)
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2. S6 luong va loai thung, s budc
e Xac thuc tinh choi dwgc (playability): Phidn mém can dam bao ring moi man
choi dugc sinh ra déu c6 thé hoan thanh dugc. Pidu nay yéu cau phai c6 cac budc
kiém tra logic nhu:
1. Tén tai duong di tur vi tri xuét phat dén muc tiéu.
2. Khong c6 khu vuc bi cach ly hoan toan.
3. Khéng phat sinh 16i nhu ké dich xuat hién trong tudng, biy khong thé
tranh, hodc item khong thé 14y.
e Xuit dir litu dwéi nhiéu dinh dang: Man choi sinh ra can c6 thé dugc luu trix
va str dung ¢ nhiéu méi trudng phat trién game khac nhau:
1. JSON cho game HTMLS5 hodc Unity.
2. Direct Memory Object (thay doi truc tiép ban d6 trong bd nhd game).
e Tuwong tic ngudi dung: Co thé thiét ké thém giao dién d6 hoa cho phép nha phat
trién:
1. Nhén nat tao man choi.
2. Xem truc tiép két qua man choi dugc sinh.
3.2.2 Yéu cdu phi chirc ning

- Hiéu suit: Thoi gian sinh man choi phai dam bao trong pham vi 100ms - 1s
dé dam bao khong lam gian doan dong choi hodc gy tré trong khéi dong man.

- Tinh 6n dinh va tin cdy: Phan mém khong duoc phép sinh ra man choi bi 15
(crash game, khong c6 muc tiéu, khong c6 nguoi choi, v.v.).

- Kha nang mé rong: Cho phép tich hop thém cac thuét 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: Phin mém can hd tro tich hop vao nén tang
pho bién hodc co thé goi tir server-side dé sinh man choi dong.

- Bao tri va ning cap: Codebase 15 rang, tai lidu day du, c¢6 sin cdu tric module
dé dé sira 161 va nang cap sau nay.

3.2.3 Phdn tich lwa chon cong cu cai dit hé trg xdy dung phin mém

Dé hién thuc héa muc tiéu xay dung mot hé théng phﬁn mém hd trg sinh man

choi tu dong dua trén ky thuat Procedural Content Generation (PCG) theo phuong phap

Rule-Based, em da tién hanh khao sat, phan tich va lga chon mot cach co6 co sé cac cong
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cu, ngdn ngit 1ap trinh va dinh dang dir liéu phu hop nhim dam bao ca vé mit k§y thuat
14n kha ning mo rong, tich hop vé sau.

Trong qué trinh phat trién hé théng, em da Iya chon bo cong cu chinh bao gdm
HTMLS, JavaScript va dinh dang JSON. Pay 1a nhitng cong nghé phd bién, c6 muc do
twong thich cao véi cac nén tang web hién dai, déng thoi mang lai nhiéu loi thé trong qua
trinh xay dung giao dién, xir Iy twong tic va mod phong truc tiép ndi dung trod choi.

Cu thé, HTML5 dong vai trd 13 nén tang tao dung giao dién ngudi dung (User
Interface — UI), cung cip kha ning twong tac truc quan trén trinh duyét ma khéng can
cai dat phan mém bd sung. HTMLS5 con hd trg cac phan tir d6 hoa nhu <canvas>, cho
phép hién thi ban dd, nhan vat va cac d6i tugng tro choi duge tao sinh trong thoi gian
thuec.

Ngon ngit JavaScript duoc sir dung lam cong cu xir 1y logic chinh trong hé thong.
Vi kha nang tuong tac chit ché véi DOM va cac thu vién d6 hoa, JavaScript cho phép
thuc thi cac thudt toan sinh man choi tu dong ngay trén trinh duyét cua ngudi dung. Ngon
ngir nay tao diéu kién thuan lgi cho viéc mé phong két qua cua cac thuat toan PCG theo
thoi gian thyc, bao gdm viée sinh cac bd cuc level méi, danh gia tinh hop 16 va d6 kho
cua man choi, cling nhu theo doi hanh vi ngudi dung.

Viéc lya chon HTMLS3, JavaScript va JSON khong chi xuét phat tir tinh pho bién
va hd tro cong d@)ng rong rai, ma con dua trén tinh mo, linh hoat, nhe va dé trién khai
ctia cac cong nghé nay. Bén canh do, cac cong cu nay ciing hd tro tot cho muc tiéu trién
khai va thir nghiém phan mém tryc tiép trén nén tang Web, cho phép danh gia kha ning
ap dung thyc té trong madi truong trinh duyét ma khong can cai dat phirc tap.

Nhu véy, nén tang cong nghé duoc lwa chon cho phép em vira dam bao dugc tinh
tién dung, hiéu qua trong phat trién, vira dap ung t6t cac yéu cau vé mo rong, tich hop
vOi céc tro choi khac trong tuong lai.

3.2.4 Phat trién phian mém céng cu sinh man choi tw dpng (level generator)
tich hop truc tiép vao tro choi Sokoban

Pht trién giao dién game Sokoban sir dung HTMLS5, Canvas va Javascript



Level 4
Chon man choi:

Hinh 3.3 Hinh anh giao dién man choi
Phit trién PCG Engine
Thuét toan chia ban d6 bang BSP
Giai thich thuat toan:

function partitionBSP(x, y, width, height, depth) {
if (depth <= 0 || width < 6 || height < 6) return [{ X, y, width, height }];

const vertical = Math.random() > 0.5;

const split = vertical
? Math.floor(width / 2) + Math.floor(Math.random() * 3 - 1)
: Math.floor(height / 2) + Math.floor(Math.random() * 3 - 1);

return vertical
? [...partitionBSP(x, y, split, height, depth - 1),
...partitionBSP(x + split, y, width - split, height, depth - 1)]
: [...partitionBSP(x, y, width, split, depth - 1),
...partitionBSP(x, y + split, width, height - split, depth - 1)];
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Ham partitionBSP(x, y, width, height, depth) nhan vao mét ving ban db hinh chir
nhat xac dinh bai vi tri (x, y) va kich thudc (width, height), cting véi tham sé depth xéc
dinh d6 sau dé quy (tc s 1an tdi da vang co thé bi chia nho). Két qua tra vé 1a mot
mang cac ving nho khong con bi chia tiép — twong dwong véi cac “phong” trong ban d6
game.

Khi d¢ sau d¢ quy dat dén 0 hodc vung hién tai qua nho (réng hodc cao < 6 0),
thuat toan s€ khong chia tiép nita va tra vé vung hién tai dudi dang mot "node" trong
cay BSP. Sau d6, viéc chon hudng chia dugc thyc hién ngau nhién. Néu vertical 14 true,
khong gian sé dugc chia theo chiéu doc (tao hai vung trai — phai); néu false, chia theo
chiéu ngang (tao hai vung trén — dudi). Diéu nay gifip tao sy phong phu trong bd cuc
ban do.

Thuét toan chia tai khoang gitra cua chiéu dang xét, cong thém mot chut dao dong
ngau nhién +1 dé ting tinh bat dbi ximg ctia ban d6. Picu nay gitp tranh viéc cac phong
bi chia qua déu hodc qua dbi xtmg — vén d& giy nham chéan trong trai nghiém nguoi
choi.

MB&i lan chia tao ra hai viing con, va thuét toan tiép tuc dé quy trén ting vung do
cho dén khi dat diéu kién ding.

Giai thich thudt toan Sinh man choi dwa vao thudt toan Rule-Based

Ham generatePCGLevel c6 nhiém vu sinh ra mot ban dd (man choi) ngu nhién
c6 cau tric hop 18 dua trén mot sé quy tic nhat dinh. Mdi man choi s& bao gdm:

« Tuong bao quanh ban db.
e Mot vi tri ngudi choi.
« Mot s6 luong hop (box) nhit dinh.
o Mot sb luong vi tri dich twong tmg (goal).
Céc dbi twong trong ban dd duwoc ma hoa theo cac s6 nguyén nhu sau:
o 0: O tréng (empty cell).
e 1: Tuong (wall).
o 2: Vi tri nguoi choi (player start).
e 3: Hop (box).
e 4:Vitridich (goal).
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Sau d6, khéi tao mot mang hai chiéu c6 kich thuéc mapHeight x mapWidth, va
gan gia tri mic dinh 12 0 cho toan bd 6 — twong ng vai trang thai "6 trong". Pay 13 budc
dau tién dé dinh nghia cdu trac ban dd

Céac vong lap trén dit gia tri 1 cho cac 6 ¢ hang dau, hang cudi va cot dau, cot
cudi — tuong tmg véi tudng bao cia ban db. Viéc nay dam bao rang ngudi choi hodc
hop khong thé thoat khoi pham vi man choi.

Mot cip toa d6 ngau nhién px, py duoc chon trong pham vi bén trong tuong (loai
trir vién ngoai). Vi tri nay sau d6 dugc danh dau béng 2, dai dién cho vi tri bat dau cua
ngudi choi. Sau d6 sir dung mot vong lap while, hé thong c¢d ging dit boxCount sé hop
vao cac vi tri ngiu nhién khong tring lap. Kiém tra newMap[by][bx] === 0 nham dam
bao khong ghi dé 1én cac ddi twong da ton tai (nhu ngudi choi hodc tuong). Tuong tu
nhu budc dit hop, hé théng dat s6 luong diém dich bang véi sé hop. Mdi diém dich
duoc dat tai mot vi tri tréng khéc biét véi cac doi tuong da duoc dat trude d6. Dung
boxCount, rooms ( tinh toan sé budc level trude) va ham generateSolvableLevel () dé
tang dan d6 kho cac man choi tiép theo .

Phdt trién cong cu cé thé tw tao level (theo yéu cau dau vao) va import vao man
choi

Sokoban Level Generator (PCG Tool)

Chiéu réng: Chiéu cao” | 10 S6 thung | 6 | ‘ % Tao Level | ‘ & Luu Level ‘ | M Xuét Level (json) ‘ Chon tép | Chira cé tp ndo duoc chon

Danh sach level

Hinh 3. 4 Level dworc tao bdng cong cu
3.3.Trién khai thir nghiém phan mém va danh gia két qua
Hé théng duoc trién khai va thir nghiém trong méi trudng thuc té dé danh gia
hiéu qua. Qua trinh nay bao gdm cai dit chay phan mém, trién khai choi thir, hoan thanh
cac level ghi lai sb6 budc thue hién cho tung level va kiém tra céac level tu tao dé kiém
tra do khé cua ting level khi ting dan. Viéc trién khai kiém thir hé thong dong vai tro
quan trong trong viéc danh gia chat lwong, d6 on dinh va hiéu qua thyc té ciia phan mém.

Trong pham vi dé an nay, hé théng duoc kiém thtr chi yéu tip trung vao chic ning tao
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man choi tw déng bang k¥ thuat Procedural Content Generation (PCG) tich hop vao tro
choi Sokoban. Céc chi s6 quan trong duoc danh gia gom:

e Tinh 6n dinh va tinh kha thi (solvability): Danh gia tinh 6n dinh va tinh kha
thi (solvability) cta cac man choi duoc tao ra bang thuét toan PCG..

e Hiéu suit xtr Iy Panh gia hiéu suit thoi gian sinh man, kha ning mé rong va
kha ning duy tri chat luong ban db..

e Tinh chét ting dan d6 kho: Sinh lién tyc 30 man ngiu nhién dé kiém tra do
kho ctia tirng man choi thong qua sé budc va cam nhan cta nguoi choi.

e Danh gia trai nghiém ngudi choi (User Feedback): M6 phong ngudi choi bang
giai thuat tim duong (BFS hoic DFS) dé thong ké sb budc giai trung binh.
3.3.1 Ddnh gid hiéu qua ciia hé théong dwa trén két qua thir nghiém

bé phuc vu kiém thtr, hé théng tién hanh sinh 30 man choi tu dong bﬁng cach st
dung phan mém hodc cach tao Level bang cong cu v6i s thung ting tir 2 dén 6. Mdi
man choi s€ dugc danh gia thong qua:

e Kich thuéc ban do

e S thung hang

e Sb muc tiéu

e D¢ sau BSP

e S budc t6i thiéu dé hoan thanh (tinh bang thuat toan tim duong)

e Mirc d6 danh gia do khé (D&, Trung binh, Kho)

Level 5

Chon man cho:
Hinh 3.5 Level tw dong tao trong tro choi
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Chi tiét d6i tuong thir nghiém: D6i tugng tham gia thir nghiém bao gdm 10 nguoi
trong d6 c6 5 nam va 5 nir. Vé kinh nghiém choi game, nhom thir nghiém dugc chia
thanh ba muec: 5 ngudi co kinh nghiém choi cac trd choi giai db trén 2 nim, 3 nguoi &
murc trung binh (1-2 ndm) va 2 ngudi méi bat dau choi. Mdi nguoi choi duge yéu cau
hoan thanh 30 man choi (levels) do hé théng PCG sinh ra, dugc chia thanh hai budi thir
nghiém lién tiép (mdi budi kéo dai khoang 60 phut). Trong qué trinh thir nghiém, dit
lidu lién quan dén ty 1¢ hoan thanh, thoi gian trung binh, mirc d6 khé va phan hdi chu
quan cta ngudi choi dugc ghi nhan diy du dé phuc vu danh gia.

Trd choi duoc trai nhiém boi nhom ngudi dung , két qua thir nghiém 30 levels
dugc danh gia cu thé nhu sau:

Bdng 3.1 Két qua thir nghiém 30 levels

Ti 1€ man

Nhém |[S6 lwong  ||S6 bwére giai|Ti 1é man i Panh gia d kho
choi gidi
Level |thung (box)|trung binh |choi hop 1€ cam nhin
dugc
1-5 2 815 budc  ||100% 100% Dé
6-10 3 12-22 bude |[100% 100% DéE — Trung binh
11-15 |4 20-35 budc (|100% 100% Trung binh
1620 |5 28-45 budc (100% 100% Kho
2125 |6 35-55 bude |[100% 100% Kho — Rat kho
83.3% (5/6  |[Rat kho, can co
96.6% (5/6 o C
26-30 |6 45-65 budc man giai game sense tot dé
man hop 1¢)

duoc) giai

Két qua thir nghiém chi tiét:

e Tinh 6n dinh va tinh kha thi (solvability): Hau hét cac man choi dugc tao ra
déu dat tinh hop 1€ cao. Cu thé, ¢6 29/30 man choi hoan toan giai duoc, duy nhat mot
man (& nhom 21-30) xay ra hién tugng deadlock khi 2 thung bi ddt qua gan tuong khién
viée déy ra muc tiéu khong kha thi. Diéu nay cho théy thuat toan dat vat thé theo Rule-
Based chua hoan toan xtr 1y tit ca truong hop “ket” (deadlock), dic biét & muc do kho

cao khi khong gian hep.



47

e Tinh chit ting din d§ khé: Muc d6 kho duoc phan anh rd nét qua s budc
gidi trung binh ting déu. Trong nhém 1-10, trung binh chi can 10-20 buéde dé hoan
thanh. Tt nhém 16-30, s6 budc dao dong tir 30 dén 65 bwéce, chirmg minh rang viéc
tang sb thung hang, déng thot tang mat do khong gian hep, tao nén do kho thuc té

e Hiéu suit xir Iy: Thoi gian sinh mot ban db (bao gdm phan ving + dit vat thé)
trung binh chi khoang 30-50 ms, cho thdy hiéu suit thudt toan rat tot, pht hop voi méi
truong Web game thoi gian thuc. Ngay cé khi sinh lién tuc 30 level, khong co dAu hiéu
sut giam hi¢u nang.

e Danh gia trai nghiém ngudi choi (User Feedback):Muc do khé tang dan
theo tung level, cAu trac ban do co su da dang, cac level s€ tao ra cac map khac nhau.
Cac 6 ndi nhau thanh khu vuc, ngéc ngach va tao nhiéu duong day khac nhau. Piéu nay
giap mdi man choi mang mot tradi nghiém mai, tranh cam giac 1ap lai.

Phin tich wvu diém va nhwoc diém cia hé thong
Uu diém:

e He¢ théng sir dung thuat toan PCG, két hop giita phuong phap phan hoach
khong gian BSP (Binary Space Partitioning) va k¥ thuat dat vat thé dya trén quy tic
(Rule-Based), cho phép tao ra cac man choi méi hoan toan ma khong can can thiép thi
cong.

e Nho BSP phan chia khong gian thanh cac ving ngiu nhién, ban d6 sinh ra c6
su thay d6i déang ké vé bd cuc mdi lan choi. Cung véi d6, quy tic ting dan sd luong
thung hang va d6 sau phan chia khong gian gitp diéu khién d6 kho ciia game ting dan
theo cip do

e Toan by hé théng dugc xay dung béng HTMLYS, JavaScript va Canvas, hoat
dong tdt trén hau hét cac trinh duyét hién dai ma khong can cai dit thém. Thoi gian sinh
mot man choi chi khoang 30-50ms, dam bao hi¢u suat du cao dé ap dung trong moi
truong game thuce té va trén cac thiét bi cau hinh thap.

e Kién trac phan mém duoc t6 chirc theo mo-dun 16 rang, giup dé dang mé rong
sd lwong man choi, thay ddi quy tic sinh level, hodc tich hop vao céc tro choi khac cing
kiéu ludi.

Nhugc diém:
e Du hé théng sinh man choi dya trén cic quy tic hop 18, nhung chua c6 co ché

kiém tra giai dugc (solvability) hodc phat hién trang thai bé tac (deadlock). Trong céc
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man kho, da ghi nhan co6 truong hop thung bi ket sat tuong hodc goc khién ngudi choi
khong thé hoan thanh man

e Hé théng PCG hién tai chi ting d¢ kho tuyén tinh thong qua tham sd (s6 thing,
do sau BSP). biéu nay chua du linh hoat dé diéu chinh d6 kho dua trén phong cach hoac
hiéu suét choi thuc té ctia ngudi ding.

e Do tip trung vao thuit toan va tinh ning 16i, phan giao dién (UI/UX) cta hé
thdng van con don gian, chua c6 hiéu ing d6 hoa ning cao, 4m thanh, hoic hudng din
nguoi choi ro rang.

To6ng quan lai. phan mém sinh man choi tw dong bang thuat toan PCG cho game
Sokoban da chirng minh dugc tinh kha thi, hi¢u suét cao va do on dinh trong moi truong
trinh duyét. Cac uu diém noi bat nhu kha ning ty dong hoa, diéu khién do kho hop 1y
va kha nang mé rong tdt cho thiy tiém nang trién khai thyc té. Tuy nhién dé phan mém
hoan thién thuat toan va tmg dung sau rong hon, can tiép tuc nghién ctru giai phap dicu
chinh d khé duya trén phong cach hoic hiéu suét choi thuc té cia nguoi dung.

3.3.2 Pdnh gid kha ning dp dung hé thong vao cdc game khdc

Trong bdi canh céac tro choi giai d6 (Puzzle Game) ngay cang phd bién va phat
trién manh mé, viéc ap dung mot hé théng h trg tu dong sinh cadc man choi vao cac tro
choi nay 1a mot bude tién 16n, khong chi hd trg nha phat trién ma con mo ra nhiéu tiém
nang nghién ciru va tng dung trong linh vuyc tri tué nhan tao (AI). Mot trong nhiing yéu
t6 quan trong nhat dé danh gia tiém ning cta hé thong 1a kha ning 4p dung linh hoat
vao nhiéu trd choi khac nhau, bat ké sy khac biét vé dit liéu dau vao, co ché tro choi hay
moi trudng trong ting trd choi. K¥ thuat tiém niang ung dung rong ri ctia mo hinh nay
d6i voi nhiéu thé loai trd choi thudc nhom puzzle game (trod choi giai d6). Khac véi cac
thuat toan hoc may doi hoi dir liéu huén luyén 16n va mé hinh phurc tap, mé hinh BSP
két hop Rule-Based c6 uu diém ndi bat 1a don gian, d& kiém soat, va dam bao tinh kha
thi (solvability) cua level dugc tao ra. Pac biét, mo hinh nay hoat dong tbt véi cac tro
choi str dung céu tric ban d6 dang ludi (grid-based), noi ma khong gian choi duge chia
thanh céc 6 vuong hodc vung ro1 rac 1o rang.

Céc tro choi nhu Minesweeper, Bomberman, Tetris dang phi tuyén, Maze
Generator (mé cung ngiu nhién) hay cac game dang box-moving puzzles déu c6 thé
tich hop tryc tiép md hinh sinh ndi dung nay dé tao ra cac man choi da dang va c6 do

kho ting dan. Chang han, trong game Bomberman, BSP c¢6 thé duoc dung dé tao cau
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tric ban d6 gdm cac phong ndi lién boi hanh lang, dong thoi Rule-Based s& x4c dinh
vi1 tri cila nguoi choi, vat phém va chudng ngai. Ddi voi tro choi Maze Generator, thuat
toan ndy co thé sinh ra cac mé cung c6 huéng di rd rang, sau d6 ap dung Rule-Based
dé dat diém vao — diém ra va vat can. Ngoai ra, néu két hop cung cac chién luoc phan
tich d6 kho (vi du: wdc luong do dai duong di, sb budc giai tdi thiéu), thuat toan co
thé m& rong dé phuc vu nhu cau tu diéu chinh do khotao trai nghiém choi ca nhan hoa

cho tung nguoi dung.
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Hinh 3. 6 Tro choi Bomberman
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Hinh 3.7 Tro choi Maze Generator
e Thach thirc khi ap dung vao cac tro choi khac

Maic du k¥ thuat Procedural Content Generation (PCG) st dung phuong phép
phan hoach khong gian BSP két hop dat vat thé theo quy tic (Rule-Based) da ching
minh dugc hi€u qua trong viéc tao man choi ty dong cho tro choi Sokoban, nhung khi
mo rong tng dung vao cic tro choi puzzle khac, hé théng phai ddi mit v6i nhiu thach
thirc k¥ thuat va logic dac thu. Trudc hét, diém manh cta thuit toan nidm & kha nang
sinh ban db dang luéi va quy tic dinh vi don gian, tuy nhién nhiéu trd choi puzzle hién
nay c6 luat choi phirc tap, khong gian twong tac phi tuyén hodc yéu ciu twong tac phu
thudc trang thai dong, khién cho cac quy tac dat vat thé tinh trd nén khong phu hop

V61 cac game dang puzzle khong gian nhu Portal Puzzle, Escape Room, hay
Lemmings, ndi dung ciia man choi khong don thuan 1a ban d6 2D va vat thé, ma con
bao gém co ché vat 1y, hanh vi dong, diéu kién thoi gian hodc chudi hanh dong phirc
tap. Viéc ap dung thuat toan BSP dé chia khong gian co thé tao duoc bd cuc ban dau,
nhung khong dam bao rang chudi hanh dong c6 thé hoan thanh theo logic thiét ké

Ngoai ra, van dé kho nhét trong cac game Puzzle 1a tinh do ludng va diéu chinh
d6 kho .Trong game xép thung nhu Sokoban, d6 kho c6 thé udc luong bang so thing
hodc sd bude can thuc hién, nhung & c4c tro choi nhu Match-3 Puzzle, Logic Circuit
Puzzle, hay Word Puzzle, d kho co6 tinh chi quan cao va phu thudc vao ngit canh ngudi
choi. Viéc gan mot tham sb cu thé dé diéu chinh do khé trong giai doan sinh ndi dung
1a rat kho néu khong c6 hé thong ing dung Al dé phan hoi tir nguoi ding hodc phan tich
hanh vi nguoi choi trong thoi gian thuc
3.3.3 Khd ning mé réng va phat trién trong twong lai

e Kha ning mé rong va cai tién

Pé dam béao hé théng hoat dong hi¢u qua trén nhiéu tro choi dang Puzzles game
khac nhau, can thuc hién mot sé budc cai tién va toi wu hoa. Pau tién, dé dap tmg yéu
cau phuc tap cua céc tro choi puzzle hién dai, h¢ théng can duogc cai tién vé ca mat cu
truc thuat todn va nang luc kiém thtr noi dung. Cu thé, viéc bod sung md-dun phan tich
rang budc logic (constraint analysis) hoic kiém tra giai duoc ty dong (solution validator)
s& gitip dam bao rang cic man choi duoc sinh ra khong chi hop 16 vé mit hinh thirc ma

con kha thi dé ngudi choi hoan thanh
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Ngoai ra, dé phu hop voi cac puzzle ¢6 ndi dung phi tuyén tinh hoic khong gian
khong déu, kién trac ctia hé thong can chuyén d6i tir dang ludi vuéng don gian sang
dang d6 thi (graph-based structure) hodc dang ban do c6 thé sinh theo nhiéu chiéu. Piéu
nay mé ra kha ning ap dung vao cac game puzzle c6 yéu t6 thoi gian, trang thai logic
thay d6i lién tuc, hodc c6 hé thdng nhiém vu phan nhanh (multi-objective puzzle games).

Hon nita, hé thong c6 thé nang cip hon nita bang cach tich hop hoc may (machine
learning) hodc thuét toan tién hoa (evolutionary algorithms) dé tdi uwu hoa quy trinh sinh
man choi, nhim c4 nhan hoa trai nghiém cho timg ngudi choi hoic tao ra ndi dung sang
tao vuot ngoai kha ning thiét ké truyén thong. Cac thuat toan nhu genetic algorithm,
reinforcement learning, hay GANs ¢6 thé dugc huan luyén dé dé xuat ban do phu hop
v6i nang luc, thoi quen va s thich ctia nguoi choi, tir 46 nang cao tinh thir thach, sy hip
dan va kha ning giit chan nguoi dung 1au dai.

e Tiém niing phat trién trong twong lai

Mot trong nhirng dinh hudng phat trién quan trong trong tuwong lai cia hé thong
1a nang cip thuét toan sinh man choi tir rule-based 1én céc k¥ thuat PCG tién tién hon
nhu Constraint-Based hoac Search-Based PCG. Cac phuong phap nay cho phép tao ndi
dung c6 d6 sau logic cao hon, phut hop vdi cac trd choi puzzle c¢6 rang budc chit ché vé
trang thai va diéu kién giai. Viéc tich hop cong cu kiém thir tw dong dé danh gia d6 kho,
kha ning giai dugc va tinh da dang ciing s& 13 budc di quan trong giup hé théng sinh ra
cic man choi chét luong hon, hudng téi kha nang tao level theo yéu cau cu thé hoic
theo hd so ngudi choi.

Bén canh d6, tiém niang ing dung hoc may (machine learning) vao quy trinh sinh
man choi cling mé ra nhiéu co hoi d6i méi. Viée thu thap dir liéu hanh vi ngudi choi va
sir dung md hinh hoc ting cuong (reinforcement learning) hodc cac thuat toan tién hoa
(genetic algorithms) c6 thé giup hé théng ty dong diéu chinh d6 kho, tdi uu hoa bd cuc
man choi, déng thoi tao ra trai nghi€ém ca nhan hoa.

Vé mat ky thuat, tiém nang phét trién trong twong lai ciia hé thong 1a kha thi,
khong chi gidi han trong pham vi tro choi Puzzle game ma con hudng téi viée trd thanh
mot nén tang tao ndi dung dong, thong minh va thich tng cho nhiéu thé loai game va

ung dung tuong tac khac nhau.



52
3.4.Két luan chwong

Chuong 3 di trinh bay quy trinh phat trién, trién khai va thir nghiém hé thong
sinh man choi tu dong cho tro choi Sokoban dya trén k¥ thuat PCG. Néi dung bao gém
thiét ké kién trac téng thé, lga chon cong cu lap trinh, cai dat thuat toan BSP két hop
Rule-Based, Constraint-Based cting mé ta chi tiét cac thanh phan hé thong va ma minh
hoa.

Hé thdng duoc trién khai trén nén tang web (HTMLS5, JavaScript, Canvas), dam
bao kha ndng sinh level dong, luu trir dit licu va hd tro thu thap thong tin kiém thir. Cac
két qua danh gia budc dau cho thdy hé thong dat hiéu suat tdt, tao man choi hop 18, co
d6 kho trung binh phu hop va dam bao kha nang giai dugc, ching minh tiém ning ung
dung trong Sokoban ciing nhu cac puzzle game c6 cau tric tuong tu.

Cudi cung, chuong da dua ra cac danh gia ban dau vé hé théng, bao gdom hiéu
suét tao man choi, tinh hop 1€ ctua ban dd sinh ra, d kho trung binh va kha nang giai
dugc man choi. Nhitng danh gia nay cho thay tiém nang Gng dung thuc tién cao ctia hé
thdng khong chi trong trd choi Sokoban ma con & céc trd choi puzzle co cau tric twong

duong
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KET LUAN

Qua qua trinh nghién ctru va trién khai, d& an d tap trung giai quyét bai toan tur
dong hoa tao ndi dung man choi trong game thong qua viéc tng dung ky thuit
Procedural Content Generation (PCG), gbp phan tdi wu quy trinh phat trién game hién
dai va nang cao trai nghiém nguoi choi. Viéc ing dung ki thuat Procedural Content
Generation dé phat trién tw dong man choi cho game khong chi gitip tiét kiém thoi gian
va cong strc ma con mang dén cho ngudi choi nhirng trai nghiém mai mé va da dang

Trong Chuong 1, dé an d4 lam ro khai niém, vai tro va cac 1y thuyét nén tang lién
quan dén PCG nhu 1y thuyét x4c suat va 1y thuyét tro choi, ddng thoi khéo sat va phin
tich cac thuat toan tiéu biéu dugc str dung trong tao ndi dung game. PCG khong chi giup
tiét kiém thoi gian va chi phi ma con mang lai kha niang sinh ra ndi dung phong ph,
phu hop voi ting ngudi choi, timg 14n choi khac nhau. Viéc hiéu 16 co so 1y luan 1a tién
dé quan trong cho qua trinh thiét ké va xay dung hé théng trong cac chuong tiép theo.

Chuong 2 ctia dé an da tap trung trinh cac ndi dung 1y thuyét va ki thuat nén tang
lién quan dén viéc tmg dung k¥ thuat Procedural Content Generation (PCG) vao qué
trinh phat trién man choi cho trd choi dién tir tir 46 dua ra khuyén nghi vé thé loai game
va thuat toan PCG phu hop véi muc tiéu ctua dé an. Tir cac tiéu chi vé hiéu qua trién
khai, kha nang kiém soat, mirc d6 phit hop v6i muc tiéu nghién ciru va yéu cau k¥ thuat,
dé 4n da lya chon thuat toan dua trén quy tac (Rule-Based PCG) lam phuong an tiép can
chinh dé phat trién hé thong sinh man choi tu dong cho thé loai puzzle game.. Céc két
qua nghién ctru va trién khai & chuong nay 1a ndi dung quan trong dé budc sang giai
doan trién khai, thu nghi¢m, danh gid va trén 1 game cu thé.

Chuong 3 trinh bay viéc trién khai thuc té hé théng PCG vao mdt tya game cu
thé. Dir liéu thir nghiém duoc thu thap dé danh gia hiéu qua hé thdng, tir d6 gitp tinh
chinh thuat todn va cc quy tic tao ndi dung. Két qua cho thay h¢ théng khong chi dat
hiéu suét sinh map tt, ma con c6 kha ning mé rong, tiy chinh theo nhu cau thuc té cua
nha phat trién va phan héi nguoi dung.

Vi két qua ctia dé an, co thé thay dé an da hoan thanh cac muc tiéu dé ra, tir Iy
thuyét dén thuc tién trién khai. Hé thong tmg dung ki thuat PCG tich hop da chiig minh
dugc tinh kha thi, hiéu qua va dong gop thiét thuc vao quy trinh tao cdc man choi cho

trd choi dién tir hién dai va ching minh tiém niang ung dung cao trong nganh cong
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nghiép game ma con mé ra nhiéu hudng nghién ctru méi trong linh vye tri tué nhan tao
va phat trién noi dung ty dong

Tinh méi cta dé 4n 1a nghién ctru tmg dung ki thuat PCG vao trong viéc tao cac
man choi ty dong dap Gng cho cac game giai d6, khac biét so voi huéng nghién ctru hién
nay la img dung vao trong vi¢c tao cac hoat canh trong game hay tao dung cac ndi dung
s6 hay cac model 3D trong Unity/ Unreal dé mé rong ban dd

e K&t hop linh hoat giita cac thuat toan PCG c6 dién va phuong phap thiét ké
quy tac hién dai: Thay vi chi sit dung mdt thuét toan sinh nd1 dung don 1€, hé théng duoc
thiét ké dé két hop thuat toan phan hoach khong gian (BSP) vdi cac quy tic tuy bién
(Rule-Based Engine), tao ra su linh hoat cao trong viéc dinh hinh cAu trac va ndi dung
ban do.

e Dinh hudng tdi wu hda trai nghiém nguoi dung thong qua tinh ngau nhién co
kiém soat: Thay vi tao ra man choi ngiu nhién hoan toan, hé thong cho phép ap dung
tap luat dugc dinh nghia béi nha phat trién, giup kiém soat do khé va tinh hop 1y — diéu
ma nhiéu hé théng PCG tu dong con han ché.

Huéng phat trién trong twong lai 1a img dung hoc may vao quy trinh sinh man
choi ciing mé ra nhiéu co hoi d6i méi. Viéc thu thap dir liéu hanh vi ngudi choi va st
dung mo hinh hoc ting cudong hoac cac thuat toan tién hoa c6 thé giup hé théng tu dong
diéu chinh d6 kho, toi wu hoa bd cuc man choi, déng tho1 tao ra trai nghiém ca nhan hoa.
Huéng phét trién nay sé& giup hé thong tién gan hon tdi cdc mo hinh game hién dai co
tinh thich nghi cao v6i ngudi choi .Vé mat ky thuat, tiém ning phat trién trong tuong lai
ctia hé thong 12 kha thi, khong chi gi6i han trong pham vi tro choi Puzzle game ma con
hudng td1 vige trd thanh mot nén tang tao nd1 dung ty dong, thong minh va thich tng
cho nhiéu thé loai game va tng dung twong tac khac nhau

Tong quan, dé 4n da nghién ctru va phat trién, img dung ki thuat PCG dé tao ra
phan mém c6 thé tich hop vao tro choi dién tr d& cac man choi tu dong, dam bao sy da
dang, thi vi va thach thirc cho ngudi choi ma khong can sy can thiép thii cong nhiéu tir

phia nha phat trién
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PHU LUC
Phit trién giao dién game Sokoban sir dung HTMLS, Canvas va Javascript
tng dung thudt todn PCG dé tao Level tw dong

<IDOCTYPE html>
<html /lang="en">
<head>
<meta charset="UTF-8">
<meta name="viewport" content="width=device-width, initial-scale=1.0">
<title>Classic Box Pusher Game</title>
<style>
canvas {
display: block;
margin: 20px auto;
border: 2px solid #000;
background-color: #eee;
b
#status, #levelSelector {
text-align: center;
font-size: 18px;
margin-top: 10px;
b
#levelSelector select {
font-size: 16px;
b
</style>
</head>
<body>
<canvas id="gameCanvas" width="320" height="320"></canvas>
<div id="status"></div>

<div id="levelSelector'"></div>




<script>
const canvas = document.getElementByld('gameCanvas');
const ctx = canvas.getContext('2d");
const statusEl = document.getElementByld('status');

const levelSelector = document.getElementByld('levelSelector');

const tileSize = 32;
const mapWidth = 10;
const mapHeight = 10;

let currentLevel = 0;

let levels = [];
let map =[];
let player = { x: 0, y: 0 };

function generatePCGLevel(boxCount = 2) {
const newMap = Array.from({ length: mapHeight }, () =>
Array(mapWidth).fill(0));
for (let x = 0; x < mapWidth; x++) newMap[0][x] = newMap[mapHeight -
ix]=1;
for (let y = 0; y <mapHeight; y++) newMap[y][0] = newMap[y][mapWidth

let px = Math.floor(Math.random() * (mapWidth - 2)) + 1;
let py = Math.floor(Math.random() * (mapHeight - 2)) + 1;

newMap|[py][px] = 2;

let placed = 0;

while (placed < boxCount) {
let bx = Math.floor(Math.random() * (mapWidth - 2)) + 1;
let by = Math.floor(Math.random() * (mapHeight - 2)) + 1;
if (newMap[by][bx] === 0) {




newMap[by][bx] = 3;
placed++;
b
b
placed = 0;
while (placed < boxCount) {
let tx = Math.floor(Math.random() * (mapWidth - 2)) + 1;
let ty = Math.floor(Math.random() * (mapHeight - 2)) + 1;
if (newMap|[ty][tx] === 0) {
newMap|ty][tx] = 4;
placed++;
b
b

return newMap;

}

function isSolvable(map, player) {
const queue = [{ X: player.X, y: player.y }];
const visited = new Set();

visited.add("$ {player x},$ {player.y}");

const directions = [
[0, -1], [0, 1], [-1, 0], [1, O]
I;

while (queue.length > 0) {
const { x, y } = queue.shift();

for (const [dx, dy] of directions) {
const nx = x + dx;
const ny =y + dy;
const key = "${nx},${ny}";




if (
nx >= 0 && ny >= 0 && nx < map[0].length && ny < map.length &&
map|ny][nx] == 1 && map[ny][nx] |==3 &&
lvisited.has(key)

) {
visited.add(key);
queue.push({ x: nx, y: ny });

b

b
b

for (let y = 0; y < map.length; y++) {
for (let x = 0; x < map[0].length; x++) {
if (map[y][x] === 4 && !visited.has('$ {x},${y}")) {
return false;
b
b
b

return true;

}

function generateSolvableLevel(boxCount = 2, maxAttempts = 100) {
let attempts = 0;
while (attempts < maxAttempts) {
const map = generatePCGLevel(boxCount);

let player = { x: 0, y: 0 };

for (let y = 0; y < map.length; y++) {
for (let x = 0; x < map[0].length; x++) {
if (map[y][x] ===2) {




player = { X,y };
map[y][x] = 0;
}
b
}

if (isSolvable(map, player)) {
map|player.y][player.x] = 2;

return map;

}

attempts++;

}

return generatePCGLevel(boxCount);

}

function generatelnitialLevels() {
levels = [];
for (leti=0;1<5;1++) {
levels.push(generateSolvableLevel(2 + 1));
b
b

function updateLevelSelector() {
levelSelector.innerHTML = '<label>Chon man choi: </label><select
1id="levelSelect"></select>";
const select = document.getElementByld('levelSelect');
for (let 1 =0; 1 <levels.length; i++) {
const opt = document.createElement('option');
opt.value =1;

opt.textContent = "Level ${i + 1}";




select.appendChild(opt);

b

select.value = currentLevel;

select.addEventListener('change’, (e) => {
currentLevel = parselnt(e.target.value);
loadLevel(currentLevel);

$);

b

function loadLevel(levellndex) {
map = JSON.parse(JSON.stringify(levels[levellndex]));
for (let y = 0; y < map.length; y++) {
for (let x = 0; x < map[0].length; x++) {
if (map[y][x] === 2) {
player = { x,y ;
map[y][x] = 0;
b
b

b
drawMap();

statusEl.textContent = "Level ${levellndex + 1}";

}

function drawMap() {
ctx.clearRect(0, 0, canvas.width, canvas.height);
for (let y = 0; y < map.length; y++) {
for (let x = 0; x < map[0].length; x++) {

let cell = map[y][x];
if (cell === 1) ctx.fillStyle = '#444';
else if (cell === 3) ctx.fillStyle = '#a52a2a’;
else if (cell === 4) ctx.fillStyle = '#010";
else ctx.fillStyle = "#{ff';




ctx.fillRect(x * tileSize, y * tileSize, tileSize, tileSize);
ctx.strokeStyle = '#ccc';

ctx.strokeRect(x * tileSize, y * tileSize, tileSize, tileSize);

if (player.x === x && player.y ===1y) {
ctx.fillStyle = '#00f';
ctx.fillRect(x * tileSize + 4, y * tileSize + 4, tileSize - 8, tileSize - §);
b
b
b
b

function checkWin() {
for (let y = 0; y < map.length; y++) {
for (let x = 0; x < map[0].length; x++) {
if (map[y][x] === 4) return false;
b
b

return true;

}

function move(dx, dy) {
let nx = player.x + dx;
let ny = player.y + dy;
if (map[ny][nx] === 1) return;

if (map[ny][nx] === 3 || map[ny][nx] === 4) {
let bx = nx + dx;
let by = ny + dy;
if (map[by][bx] === 0 || map[by][bx] === 4) {
map[by][bx] = 3;




map[ny][nx] = (map[ny]|[nx] ===4) ? 4 : 0;
} else {

return;

}
j

player.x = nx;

player.y = ny;
drawMap();

if (checkWin()) {
statusEl.textContent = "Hoan thanh level ${currentLevel + 1}!";
setTimeout(() => {
currentLevel++;
if (currentLevel < levels.length) {
loadLevel(currentLevel);
updateLevelSelector();
} else {
const nextLevel = generateSolvableLevel(2 + currentLevel);
levels.push(nextLevel);
updateLevelSelector();
loadLevel(currentLevel);
b
}, 1000);
}
b

document.addEventListener('keydown', () => {
if (e.key ==="ArrowUp') move(0, -1);
else if (e.key === "'ArrowDown') move(0, 1);
else if (e.key === 'ArrowLeft') move(-1, 0);
else if (e.key === "'ArrowRight') move(1, 0);




s

generatelnitialLevels();
updateLevelSelector();
loadLevel(currentLevel);
</script>
</body>

</html>

Phdt trién giao dién irng dung thudt todn PCG dé tao Level tw djng cho Game
Sokoban (Tool Generator)

<IDOCTYPE html>
<html /lang="en">
<head>
<meta charset="UTF-8" />
<meta name="viewport" content="width=device-width, initial-scale=1.0"/>
<title>Sokoban Level Generator</title>
<style>
body { font-family: sans-serif; text-align: center; }
canvas { border: 2px solid #000; margin: 20px auto; display: block; }
input, button, select { font-size: 16px; margin: 5px; padding: 4px 8px; }
</style>
</head>
<body>
<h2>Sokoban Level Generator (PCG Tool)</h2>
<label>Chiéu rong: <input fype="number" id="mapWidth" value="10"
min="5" max="30" /></label>
<label>Chiéu cao: <input fype="number" id="mapHeight" value="10"
min="5" max="30" /></label>
<label>Sé thung: <input fype="number" id="boxCount" value="3" min="1"

max="10" /></label>




<button onclick="createLevel()"> &+ Tao Level</button>
<button onclick="saveCurrentLevel()"> & Luu Level</button>

<button  onclick="downloadJSON(savedLevels)">M  Xuit
(.json)</button>
<input type="file" id="loadLevels" />
<br/>
<label>Danh sach level:
<select id="levelList" onchange="selectSavedLevel()"></select>

</label>

<canvas id="canvas" width="320" height="320"></canvas>

<div id="status"></div>

<script>
const canvas = document.getElementByld('canvas');
const ctx = canvas.getContext('2d');
const tileSize = 32;
let currentMap = [];

let savedLevels = [];

function generatePCGLevel(width, height, boxCount) {

Level

const map = Array.from({ length: height }, () => Array(width).fill(0));

for (let x = 0; x < width; x++) map[0][x] = map[height - 1][x] = 1;
for (let y = 0; y < height; y++) map[y][0] = map[y][width - 1] = 1;

let px = Math.floor(Math.random() * (width - 2)) + 1;
let py = Math.floor(Math.random() * (height - 2)) + 1;
map[py][px] = 2;
let placed = 0;
while (placed < boxCount) {

let bx = Math.floor(Math.random() * (width - 2)) + 1;




let by = Math.floor(Math.random() * (height - 2)) + 1;
if (map[by][bx] === 0) {
map|by][bx] = 3;
placed++;
b
b
placed = 0;
while (placed < boxCount) {
let tx = Math.floor(Math.random() * (width - 2)) + 1,
let ty = Math.floor(Math.random() * (height - 2)) + 1,
if (map[ty][tx] === 0) {
map[ty][tx] = 4;
placed++;
b
b

return map;

}

function isSolvable(map) {
let player = { x: 0, y: 0 };
for (let y = 0; y < map.length; y++) {
for (let x = 0; x < map[0].length; x++) {
if (map[yl[x] ===2) {
player = {x,y j;
map[y][x] = 0;
b
}
b

const queue = [player];

const visited = new Set(['$ {player.x},$ {player.y}]);
const dir = [[1,0],[-1,0],[0,1],[0,-1]];

while (queue.length > 0) {




const { X, y } = queue.shift();
for (const [dx, dy] of dir) {
const nx = x + dx;
const ny =y + dy;
const key = "${nx},${ny}";
if (
ny >= 0 && ny < map.length && nx >= 0 && nx < map|[0].length &&
map[ny][nx] !== 1 && map[ny][nx] |== 3 && !visited.has(key)
) {
visited.add(key);
queue.push({ x: nx, y: ny });
b
b
b
for (let y = 0; y < map.length; y++) {
for (let x = 0; x < map[0].length; x++) {
if (map[y][x] === 4 && !visited.has('$ {x},${y}")) return false;
b
b

return true;

}

function drawMap(map) {
canvas.width = map[0].length * tileSize;
canvas.height = map.length * tileSize;
ctx.clearRect(0, 0, canvas.width, canvas.height);
for (let y = 0; y < map.length; y++) {
for (let x = 0; x < map[0].length; x++) {
let color = "#{ff";
if (map[y][x] === 1) color = '#333";
else if (map[y][x] === 3) color = '#a52a2a';
else if (map[y][x] === 4) color = '#010'";




ctx.fillStyle = color;
ctx.fillRect(x * tileSize, y * tileSize, tileSize, tileSize);
ctx.strokeStyle = '#aaa';
ctx.strokeRect(x * tileSize, y * tileSize, tileSize, tileSize);
if (maplyl[x] ==2) {
ctx.fillStyle = '#00f';
ctx.fillRect(x * tileSize + 4, y * tileSize + 4, tileSize - 8, tileSize - §);

}
}
}
}

function createLevel() {
const width = parselnt(document.getElementByld('mapWidth").value);
const height = parselnt(document.getElementByld('mapHeight').value);
const boxCount = parselnt(document.getElementByld('boxCount').value);
let map;
let attempt = 0;
do {
map = generatePCGLevel(width, height, boxCount);
attempt+-+;
} while (!isSolvable(map) && attempt < 50);
currentMap = map;
drawMap(map);
document.getElementByld('status').textContent =
isSolvable(map) ? * 2 Man choi c6 thé giai duoc (sau ${attempt} 1an thir)’
: ' 2 Khong thé giai dugc.';
b

function saveCurrentLevel() {

if (!currentMap || currentMap.length === 0) return;




savedLevels.push(currentMap);

updateLevelList();

alert(' # Level d3 dugc luu vao danh sach.");

}

function updateLevelList() {
const select = document.getElementByld('levelList');
select.innerHTML =";
savedLevels.forEach((_, i) => {
const opt = document.createElement('option');
opt.value = i;
opt.textContent = "Level ${i + 1}7;
select.appendChild(opt);
$);
b

function selectSavedLevel() {
const idx = parselnt(document.getElementByld('levelList').value);
if (!isNaN(idx)) {
currentMap = savedLevels[1dx];
drawMap(currentMap);
document.getElementByld('status').textContent = * Pang xem Level
${idx +1}7;
}
}

function downloadJSON(data, filename = 'levels.json') {
const blob = new Blob([JSON.stringify(data, null, 2)], { type:
'application/json' });
const link = document.createElement('a');

link.href = URL.createObjectURL(blob);




link.download = filename;

link.click();
b

document.getElementByld('loadLevels').addEventListener('change’, () => {
const file = e.target.files[0];
const reader = new FileReader();
reader.onload = function(event) {
try {
savedLevels = JSON.parse(event.target.result);
updateLevelList();
if (savedLevels.length > 0) {
currentMap = savedLevels[0];
drawMap(currentMap);
document.getElementBylId('status').textContent = ' & Level da duoc
tail';
b
} catch (err) {
alert(' X Lbi khi doc JSON!");

}
3
reader.readAsText(file);
$);
</script>
</body>

</html>
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Tén dé tai: Nghién ciru sir dung k¥ thuat Procedural Content Generation (PCG) dé phat trién

tu dong cdc man choi trong lap trinh game

Ngudi huéng din khoa hoc: PGS.TS. Ngb Quée Diing
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26p cia Hoi dong cham dé an tot nghiép:

Céc ndi dung hoc vién da sira chira. bd sung trong dé an tot nghiép theo y ki¢n dong
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BO KHOA HQC VA CONG NGHE CONG HOA XA HOI CHU NGHIA VIET NAM

HOQC VIEN CONG NGHE DPoc lap - Ty do - Hanh phic
BUU CHINH VIEN THONG

)  BIENBAN i
HQP HOI PONG CHAM DE AN TOT NGHIEP THAC SI
Cin cir quyét dinh s& Quyét dinh sb 1098/QD-HV ngay 26 thang 06 nim 2025 cia
Giém d6¢c Hoc vién Cong nghé Buu chinh Vién théng vé viéc thanh 1ap Hai ddng chim dé

tai Hoc vién Cong nghé Buu chinh Vién thong dé chim d8 4n t6t nghiép thac si cho:
Hoc vién: Tran Duy Hiéu

Tén dé 4n t6t nghiép: Nghién ciru sir dung k§ thusit PROCEDURAL CONTENT
GENERATION (PCG) dé phat trién tyw dong cic man choi trong lap trinh Game

Chuyén nganh: Khoa hgc may tinh Mi s6: 8480101
Cac thanh vién ctia Hoi d(“)ng chim d& 4n t6t nghi€p ¢0 mit: 05/ 05
T HO VATEN TRACH NHIEM TRONG HP GHICHU
1 | PGS.TSKH. Hoang Ding Hai Chu tich
2 | TS. Dao Ngoc Phong Thu ky
3 | PGS.TS. Hoang Xuin Diu Phén bién 1
4 | TS. Bui Hii Phong Phan bién 2
5 | PGS.TS. Tran Nguyén Ngoc Uy vién

Cac ndi dung thwe hién:

1. Chutich Hoi ddng didu khién budi hop. Cong bd quyét dinh ciia Giam dbc Hoc vién Cong
nghé Buu chinh Vi&n thong v& viéc thanh 1ap Hoi ddng chim d& 4an tt nghiép thac si.

2. Nguoi huéng dan khoa hoc hoiic thu ky doc 1y lich khoa hoc va cac diéu kién bao vé dé
an tbt nghiép cuia hoc vién. (c6 ban 1y lich khoa hoc va két qué cdc mon hoc cao hoc cia
hoc vién kém theo).

3. Hoc vién trinh bay tom tit d& 4n t6t nghiép.

4. Phan bién 1 doc nhén xét (c6 vin ban kém theo)

5. Phan bién 2 doc nhén xét (c6 van ban kém theo)

6. Céc cAu hoi cia thanh vién Hoi dong: B ,
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7. Tra 161 ctia hoc vién:



8. Thu ky doc nhan xét vé qué trinh thyc hién dé an tt nghiép cta hoc vién (¢é vin bdn kém
theo).

9. Hoi ddng hop riéng:
- Biu Ban kiém phiéu:

1. Trudng Ban kiém phiéu: o ?G:[\J%G‘Pg‘o“\ ............
2. UyviénBankiém phidu:  ..Pwi. 4 Phona
3. Uy vién Ban kiém phiéu: T{\m\l\jgmg&« ....... R

- Hoi ddng chdm d2 4n t5t nghiép bang bé phiéu kin.
- Ban kiém phiéu lam viéc:
- Trudéng Ban kiém phiéu bao céo két qua kiém phiéu (c6 Bién bdin hop Ban kiém
phiéu kém theo)
- Piém trung binh ciia dé 4n t6t nghiép: ...... %,5 ..........
Két luan:
1. Céac ndi dung cin chinh stra, hoan thién sau bao vé dé 4n tét nghiép:

-------------------------------------------------------------------------------------------------------------------------------

b?z 3"\%3 /)'
I @ 2. Svmé ngm 3«..& ...... / (ﬁ{t ............ Q*S“é\ ........ [L«‘S&aﬁc;m/
e iR ...510 ..... AT O A4 SV ereresaessenereressosssssseseseasssentssnassstasessstsosamesensasnsanenenes
2.Dé nghl Hoc vién cong nhan (ho#c khong) va cip bang (hoic khong) thac si cho hoc vién:
C/bw() V\Qxau\ e CAT b“‘”b
3. P& 4n t6t nghiép co6 thé phat trién thanh dé tai nghién cttu cho
NCS.......Oplitd.

Budi 1am viéc két thuc vao...J.. 25.... cung ngay.
Chii tich Thw ky
i A

/’
PGS.TSKH. Hoang Pang Hai TS. Pao Ngoc Phong



BO THONG TIN VA TRUYEN THONG NG HOA XA HOI CHU NGHIA VIET NAM
HOC VIEN CONG NGHE Doe Lap - Tur do - Hanh phie
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BAN NHAN XET PE AN TOT NGHIEP THAC SY
(Dimg cho nguoi phan bién)

Tén dé tai dé an: Nghién ctru stt dung k¥ thuat Procedural Contetent Generation (PCG) dé
phat trién ty dong cac man choi trong 1ap trinh game.

Chuyén nganh: Khoa hoc may tinh

M sb: 8.48.01.01

Tén hoc vién: Tran Duy Hiéu

Ho va tén nguoi nhén xét: Hoang Xuén Dau

Hoc ham, hoc vi: PGS. Tién s§, Giang vién cao cip

Chuyén nganh: Khoa hoc mdy tinh

Co quan cong tac: Khoa ATTT, Hoc vién Cong nghé BC-VT

NOI DUNG NHAN XET

I/ Co s6 khoa hoc va thwe tién, tinh cfip thiét ciia dé tai:
e D& tai c6 y nghia thuc tién trong phat trién game, cu thé 1a sinh cac man choi ty dong
trong game.
II/ Vé néi dung, chit lwgng ciia dé 4n, cdc két qua dat dwgrc (so voi dé cwong di dwoc
duyét):
* Noi dung dé an:
D& 4n t6t nghiép ctia hoc vién gdm 3 chuong chinh:

Chuorng 1 gidi thi¢u khai quat vé k¥ thuat Procedural Content Generation (PCG) dé phat
trién tu ddng cac man choi trong phat trién game; 1y thuyét xac suét, Iy thuyét trd choi.

Chuong 2 phan tich, lya chon k¥ thudt PCG, thuét toan PCG cu thé va thé loai game cho
thit nghi€ém.

Chuong 3 mo td vi€éc phat trién, tich hop PCG vao 1 game, thir nghi¢m va dénh gia.

* Chit lwong dé an: Trung binh

* Céc két qua dat dwgce: co ban dat cac két qua theo dé cuong dugc duyét.
IIU Nhirng vin dé cin gidi thich thém:

e Mot sb noi dung khong duoc Gng dung truc tiép trong dé an nhu 1y thuyét xac sudt,
ly thuyét tro choi, nén cit bo hoic trinh bay ¢d dong hon.



o D& 4n khong c6 ndi dung khao sat cac cong trinh da co. Nén b sung khao sét tinh
hinh trng dung/hodc cac nghién clru tmg dung PCG trong phat trién game thé nao.
o D& 4n st dung nhiéu thdng tin/cong thirc, cong nghé, md hinh nhung khong c6 trich

dan day du.
o D& an qua lam dung cach viét theo chdm dau dong, nén tao cam gidc 14t nhét cho

nguoi doc; 15i lam dung thuét ngir t1eng Anh.

e Céc sir dung cac thuat ngit cling rét thy tién, ching han dd 4n, ludn vin, d2 an, dé tai
duoc ding rat tiy tién.

e Hinh 2.1 khong thuc sy phi hgp v6éi md ta trén vén ban trong dén an.

o S&lugng va trinh d6 ngudi choi khong dugc mo ta trong thir nghiém & Chuong 3.

o Cac két luan chuong déu dugc viét qua dai dong, nén viét ngdn gon néu rd cac ndi
dung d trinh bay trong chuong.

Cau hoi:

1. Cacbang?2.1,2.2va2.3 déu chi ra, cac ky thuat PCG dya trén hoc may c6 mirc
d6 phu hop thdp so v6i cac k¥ thudt khic. Tuy vay, Két luan cia dé 4n lai néu day
1a huéng phat trién trong twong lai cta dé an. Téac gia giai thich thé nao vé vén dé
nay?

2. Ngoai k¥ thudt PCG, con c6 cac k¥ thudt nao khéc dé sinh tu dong man choi?

1V/ Két luan:
Pé an dap tmg cac tiéu chuén téi thidu ciia mot d& an tét nghiép thac sy k¥ thuét.

DPdng ¥ cho phép hoc vién bao vé dé an tot nghigp.
Ha noi, ngay 12 thdng 7 ndm 2025

Nguwoi phan bién
(Ky ghi 18 ho tén)

Hoang Xuin Dau



CONG HOA XA HQI CHU NGHIA VIET NAM
Déc lip — Tw do — Hanh phuac

BAN NHAN XET PE AN TOT NGHIEP THAC S
(Dimg cho nguoi phan bién)

Tén dé tai d& 4n tt nghiép: N%ﬂ«y ..... ulz\//\/ Ml /w ........ X'ZMX”OCMLW/\WV
Cowﬁmffﬁlwlz/wmvvéf@q\h ..... didnc. AL, éti’“?/ Colec i thde.. Gare
Chuyén nganh: ....................... mwﬂ/,yw ..... Wk?x%)‘ly\ﬁ\/ .................................................
Ma chuyén nganh: .................... X%Y e
Ho va tén hoc vién: ...... 70An,. Deer/ . H,va/ ......................................................................
Ho va tén nguoi nhan xét: ... Dan... H‘Mf /%o"z/ ..........................................................
Hoc ham, hoc vi: Fﬁﬁv/\/«fwﬁ/ ............................................................................
Chuyén nganthwov.yWO ............ A\‘U\/ .....................................................
Co quan cong tac: ....... To .............. wa/K\E(\/TfM/HmNm .............................
S6 dién thoal[)ojis-fﬂ{m;} ..................... E-mail...... }7 ﬂ‘m?f ................... ,NLWW
NQI DUNG NHAN XET

I/ Co s khoa hoc va thuec tién, tinh cép thiét cua d tai:

.....................................................................................................................................................

...... ?95\%&{,\,0(/% g wy‘fﬁﬂ\mfﬁmfk}fdah R ¥
W\Z/ ek e A5 ok b P AT wﬁwmw&%
B ‘ﬁi\iarcofﬂ%ﬂw}\%,fﬁfﬁf ............ Caa'dﬁé\ B,

.....................................................................................................................................................
.....................................................................................................................................................

ettt b et ae et e s e s s

.....................................................................................................................................................

e do s om/ ?'ijaw?/ 2. (;K«szw?r, Aaahi nalh Ponh s }bwv?/,
A, MW halo.: 0«/«7 cﬁ,fs/ ﬂva M m‘\ﬂﬂ? .....
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Pdng y (hoic khong ddng y) cho phép hoc vién bao vé dé an tot nghiép.

Ngay......... thang.. .. .nam £9.25

NGUOI NHAN XET

b Hol Phany”



