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(Pacman Game Reinforcement Learning Using Artificial
Neural-network and Genetic Algorithm)
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Abstract :

organisms. In this study,

261

Genetic algorithms find the optimal solution by mimicking the evolution of natural
the genetic algorithm was used to enable Pac-Man's reinforcement

learning, and a simulator to observe the evolutionary process was implemented. The purpose of

this paper is to reinforce the learning of the Pacman Al of the simulator, and utilize genetic

algorithm and artificial neural network as the method.
artificial neural network and applying it to a genetic algorithm,

possibility of implementation in a low—power embedded system.
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In particular, by building a low-power
it was intended to increase the

Reinforcement learning, Artificial neural network, Genetic algorithm, Pacman game,

o A, A 7

g AFsE i ATFES AGERE=E ALY

edz, HYE 9d #F#8A% F& ©F Aok

olF% Al EokllA A o= AAYH
KR

AFehE A BENE
¢ Aol A gk ot

2, o] dAEL FHAF (gene)E o] Fo] A gk A
(generation) °P°ﬂ"1 o]Fo 7t [6]. 53] W]
2b 71HE A HA ] WA= e e F

s, v HHsk daesake) zeloja & A

2~ = o) = O

o8 AL F Adrk =3 F1 dagEFeS g4
o 5=
S

iy
zvo] Wi ZAY Aurgel 2
A -401‘4 H@Tg__ ks gle wEA]

i

o

Bl Y O to 2 ol mt ¥ 2 & o



a7

i

ol
yal

FAZ AY =2H A4

il

< Ad 23
Aol A

S

262

glejojel Al Bt

i
=

i

2

A
oA

o)

)

=

e

[ERILT-Y

g3 omn

o5l

Al zgel A e T Ths

LTl

[e]
=4

:rL

o

oA me} 4

q

Ajn
Tor

=

)
~~

2~
-

o,

A

.

Ej

1A

A

.

[12]lA

ol
o

b ool H

4%

o~

AT wF
T

PHES
Fute] shebule AA AAE SEAR A

A7

HA

o

ASATE A%

=

o
e
%0
Ho

o
_r
N

= A Al

@3

s
S|

propagation) ¢

i
)

R

A
el
BT

]

B!
ok

ol

o}
F o

]

0

o)
xr

-

o
Ak
HJ

ool A

A=}

R

A

3
2

ox
A
ol
wa

mR

o

A

.

3}

Al &l A o

K.

L

1

1
AR

1]

A}

2

(e}

Ed=Z

=

37}

sheh. 1

7}3l

[e]

]

s

ba, AbgApet BoE o)

S

73
ik

B
)
——
9
il
o
Jo
olo
xr

=K

Ajn
Tor

AN AT FARE 2

=

=]

[14]oM = frd darg



263

2020& 108

=2

M 153 w5

o
XN
Eay

=]
af
Sl
=
0]

X
al

oy o
H o o S .
: 3 L w
: = -3 Mﬂﬂ.]ﬂ ox & l_Ar;‘toLuLl T o T &
| & e R oo B o= T — TN .@P]ddrzaﬂﬂu
g G]Ee 0 3 LLEHOPL ~N oF T o iy
< &) R B R F oo N 2, TR AR B B K
N e 23 uw 5 oy leanl TR % do X
I = & = S _mabﬂm% ﬁr% s oo R ﬁ w2 eI
EEg oo < T I < T W o= = = oy X wm T X n £ Mt o A &ﬂ, ur
- - ~ o of @Ldﬂ. ‘.mlé.o‘m ZL w.%n&ﬂﬂ‘olL ~ T ™ ﬂﬁ_Al]L.T,o|di mﬂEf o
= =8 O B B imﬂf_;ﬂqmo_;ws;% Lo
& mw o T H 4% A il R 2 = N -
111l o = %momﬂﬂ@% S o w2 e muﬂ@.%%u%ﬂﬂ
pl —_— 0l = -
"] =z LR T R wos %ﬂﬁﬂﬁo,} oy ® L LT g
A “ ¥32 _Exy W D SR T o Lcmﬁﬂ oF 5
£ T ERIN Ow NasErNdx e gt m e ®
= o ~ P ro= B nk F ol o) L_w or mO @ > N o= o W oy W < of ﬂ Gﬁ
o] 9 S T H) o ) = T w oo mo o o X
[ | Q LY ol ; oF M P ook 2 5 W g 0 o wr o w N o >
1 ~ OC roul ‘DI T Jjo Ee b o = 0 o 0 2 s z.#o ﬂAI - Ee
“ w N Az %E%ﬂ o_aﬂe_ﬂ]%ﬂﬂﬂmﬁﬁobfucmﬂmuolﬁ;luomﬂpurmﬂﬂ
Sl s e . hy . THo—) — = =] o~ "
e o B o B o BT M_uoﬂnmdmhwbc%oo%MVomﬁ@qﬂ%z%aﬁM
2 wiF ¥ e o _‘,%uﬂ,ﬂygAﬂgﬁuww% woo oy w
- o © ® 5 T W F o dnﬂho#@nﬁmﬂﬂa B o Mo ® o
o oo omﬂdr ,Jl}rau m %A R o N 11.£_u1r
o . D% m NV R S N XA XD N T o A
- o ax X . oﬂﬂcrmul,ovﬂ Lags N X Lt1$mﬂ
N KPET A I g TeE S &)
- 2 B o ) oy ol io0 o0 I =z o= ° TP g
£ WoE B o T g%moagauyim;ou
- w4 T R oo NE N T T & EE R
S T = o ._odl X MOﬂplq“Mﬂ
& L (s =) P o T ki T oW T
> ] .mm = O o) — b= ) o = el v T = .
ERISIIR AL o mELed TTEYE = oF b T eTE g R ER
:IERE S B %ﬂ% o W N T W X il oo o
2 8 2 |2 4 = o8 Wdrl Jh = © 7 o) X AR - o on = o N e = =) N~
2 m y S T 3 R B = o ‘of = < op o T o TN - o
-1 T % ;n s HEHT = i o R EReTE el
— g = @ B e R = o B El = K omo T
o B I T 70 HT_
= 5 m = AF T o P = ¥ e T o o WA
R3] 11— - R o T = o4 e R ) xr o = < o LN
X < ol HT oy oo N ) ~ 1 = o))
[ x 2 T o ]Jﬂ@u_ M. M W ol = oy M ° 5
- w < < A= ; < o o i T KR Ao X o A~
2 g E o pompeR® = 5 5 Ve Pl R R
2 o |F =2 Cww LT ooy H - T PP B
@ £ > X p ok K W Ao ) Jo X5 il MO N el
£ s S auS T il N ! . ol gor% . W N — imy X
S | & g N 7ﬁM%urm B oy E = T e T o L__@;oclvurmﬂmcw
& = = = - BT ow i 29y
< 3 b s T E e XEY B n T T Mgm%%a%u
g e w oy b T I T 5 % T
IR R RN w2 e RTEoW T ExwEe”
_ Loﬂurm%ﬂuuﬁﬂﬁa@ﬂ.ﬂw‘ %;liﬂugﬂomw ﬂﬂmwmﬂovdraeﬂa
o BRe 2 T Mo _ AR o B s X o oy g oW WoE
A T T X ™ 1ﬂﬂ1r11o:_ __ 9 % it ) N H
o N al aw = - % ™ Mo
35 = %Jaxw H.txqorL Eﬂ,ﬂ ol wnﬂ_n;ajmu,o#Ai o»ﬂﬂ%%ﬁwnﬂm%¥ o
=] ! 7 o IR
D asuEpTEATMDY UEeatsd TEEE R
S R AT B ey AAMﬂ%ﬂl%%%%ﬂnﬂ%ﬂzﬂ
o ] HYE R <R Sm
FEP IR s
NE e R TR

[1,0,0,0]



5w
Ao Wo N m_m ——
1aﬁdr.uzo qu A
s o B X
Few TET LR
@@ﬂﬂ%%@ L BT -
R - BoE w3 4 z Baox
N oﬂﬁ%a&ﬁ&% i
ﬂ,%lz.aﬂ SR ﬂm%wrﬁ.ﬂ
y td.ﬂoholwmm JlLT a4 = LuMT ~
L_a w_m % L_E o o ,ﬂ o X Ton & o B I Tor Q) o =
ol Em‘ozogqxr%o_ayU "o w3 ﬂsﬂﬁ}
oY ﬂ%%%@l@]ﬂﬂL %ﬂ@wﬁﬁw oo o -
70 ;7nwmﬂ;;x & _ 70_3; o o m T P
,AFL;oo ,;oszL.._rﬂ >0 ﬂﬂﬂm] 3 ﬂmﬁAoo_EdﬂJ&l X ol
50 R 5 T ® B W o < B oo T i W T
> @E;z%}Jsis}d‘ Vi ﬁe%ﬂﬁrﬂm W o £ M o & T
= " éoJl.sm;f N : 9@ E‘un“_qu .ﬁ#o, ermodnAuL
4}E4no o;a%t 55 ¥ = B M H 5o B :
= mwo7ﬂ%s&ﬂmm}ﬁ - N o i%ﬂ%% 2 5 PR
° OsJﬂzEﬂm I o i w g : o S S %ﬁolﬂ
ar = o o = =) \ A= oﬂuﬁ‘mg — o) © r i w
ta_aﬂadiuxﬂgcag Lepqﬂ = — ~ zoﬂﬁu1 Lfaﬁo_a m.mo].ﬁn
il a,lfmrnoﬂgr.:m?mﬁ i = wo oy G aﬁ;?mﬂg M%ao loAW@
010 ™ A AR oy i 0 g 5 B % il g 8 G o . f oy B B
e sc‘z_omﬂﬂoﬁﬂ g, 6 = E@.Hm:a R g .o Am@%% B oow m
1 | TR SR ) a e ) A Mo C 5 X % 7 o aﬁ%o_a
y " $Tiaraiify L ENT p_za%q%ﬁ TR F M
K iae%aaﬂﬂ %ﬂ;lﬂwﬂ L DM NF a;% %@MMLOEM
5 B R S W op wo#o‘z_omog I oo X & A
Rl mo_.u_.auuuq W o Oﬂoaﬁfmdr ﬂn__aoa_%_Urordr.mLWﬂ. xl%%?%i
B auE]umcﬂwAﬂdr mﬁwfﬂ%m% wmﬁﬂw_ﬂm@%ov% M_L?ATJQ
z 1%%%%%& r ;iﬂytuﬁ g R T g~ o = %éo_e@maﬂ
RJ urﬁanﬁ.é o o) o A IS ﬁ1r40:1 @ g B T o E B
OF y;[bmww ﬂawﬁm " i wytﬁm%ﬂmﬁé@ zo_amm@a
- A e ol T OE ) - T °
5 qxrmmﬁﬂuugol _Mpmnmnaﬁ %ﬁ%d‘% qubcl mﬂmwnow OESQEW%
Ln faﬂgw EATZ_;_ ﬂfgﬂamwﬂa} %a?ﬂawnc awﬂomega
_ .- iy ) \).._,HJI]] N o — WO °
5 wwmwwmg T o m&mmmg&mg& fo & ¢ %@ogaw
[0 = ﬂL o w N ™ < LV E = A= o o= N o A M@ o < o 2o 4B
A T R} T = A ovLumﬂ SIS .Lof wp FEC E TN S H T W o
) o A B T w?%iiar@ﬂﬂo_e ,Qﬂﬁ% io::iﬁo Tl
%M%ﬂ%%m .nsnar.ﬁﬂo ﬁi%ﬂwmmﬁma Ho BT W TE TEe s 2 |
szﬂf < %&%ﬁ Laliﬁﬁﬁmj 9% o no_%mﬂ%uuu = FCCONCY
" w o o_wﬂﬂo TS =T 5 TaeNE R S
,A|oﬂﬁ W = oo p B 5 o) X 14 oo ol 14 < o = . M&o Ao p) W _u_mo ,m]ﬂﬂma o o i oy o ey
5 ° T o U o MH N Lm T X 5 ﬂﬁe _z_lJAl‘a_w Ho nhy No < = = How =0 N T = ~J
vm_ulro mMaﬁu_n R x@ﬂy?ﬂﬂ 1H@ﬁo ar ﬂmﬂmﬁ ,i@% I ﬂ%ﬂ.
%mmaﬂ%w ol_@wﬂ%%.ﬂyuig%w%#m; i %ﬂ_fﬂﬁAT%;ar.ﬁf_ﬁmngﬂ
S L%‘o@41%13q7 o X _oarﬂ.;zoy. of B wE X
< WNLEHME#EU X ® o < asnf__ﬂm_woﬂ or@%@rmruﬁaﬁgwépwmaoﬂgmolﬂ
3 ﬁfﬂ@ﬂ R DOMAmﬂﬂagﬂbcﬂo@}o@ﬂwbH% %@»ﬁé&mﬂ}r%gmuuﬂ?qoo&ooa
al T ,O|‘E__¢l A._AOEU lv_Al_i ‘m_.o‘ﬂ_MzT O ,mo do [ 1) T oiﬂjl_%v - 0 %ﬂﬁ ]ﬂm o .,.m%%o N
LEEEEE mowﬂo;@%ﬁomﬂﬁoJo_Eﬂ;%E 2 o i R ﬂgaw1§ﬂwa 4
ovﬂ% ol TS = o W = § i =W 4 o o oy o wﬁﬂﬂo NMO T B Ao - %Lﬂ
R ﬁﬂﬂzmomﬁomow%w T ¥ w;zmowoﬁngmnwmfﬂaﬂwo%
lowwemﬂo,mﬂolﬂ%iﬂ@ ﬂﬂmwﬁo%%%ﬂﬂﬂ %ﬂ_xgw_o_eﬂ@
2 mmoﬂxlt4fmtoargzm;aﬁﬁiﬁﬂ%1@%&;3%@#
<o%maﬁ§éaaﬂ.@gﬂa fo T o oug@g%ﬂw;
.vo_.maLoﬁn i szﬂnﬂiimnﬁﬂﬂmﬁo1 e n
umfrr]xr&w<a A aolr@maﬂéwuﬂ °l
Ol 13Q4W4.&Eovwmﬂoémoﬁoiﬂmw@.
. — { N
,mﬂfﬂa%rl7&r9.h]oﬂﬂﬂ%oﬂ$wm
iH,HﬁLwﬂa;ar.%A:fA
RN T w o N o N E
uMﬂLﬂLMo7wauo u]L
N 1WO_EL_WH
T~ i oo
T mo

il
B

A ol &
14 Abg®E Q1EA
0] T Al

e,

Tt 171,

A

=
5

So] old 7}



thetatiti=sstzl=2A M 158 M 5= 2020 103 265

A4, 2EFoR FAE 9@ FREA 53
NEHZ e 2o ATAATGe] ol ng = Generation Genomes Evasion Time Score
Aol A HAstd fd daEF AHgol e o . 2 ISt
A o]tk 1 1 1 2 355 300
B ZaafeAes g Ade AATE 16°% 2 1 2 5 329 190
ARaloernz 16709 FAA7E B5F A7 A 3 1 3 8 213 180
d& A wH) A4k We] AAE Fa At 4 1 4 2 364 270
ol AEE Aoyt gAgt. MATS 1622 A 5 1 5 10 421 230
A olfr MAILe] UF Tow shgel ol Al 6 1 6 14 235 140
kel A7) wiEoelct Fdlelozt Aol & 7 1 5 5 123 70
gol 4/fu sle Ha A 5L & AT @ - . 5 T B
NAE SFEAA sl gleneg JMATS S| 8 ; b 5 o 56
a WE EEAIRe] gold ¢ sl
o QMe U4 AWE NEeR F HuAE - ’ - ——
wesl Al wpgolt AAXoR AsAY Rie E: : % g R
AFAG el 7HEAe) AL dolE Fiolmw, = i 2 el
oz PHe] g mEr, 1 Ig JPor ¥ i ' i’ 4 126 o
P4 AE Aolnh o] Aol F AFUAFY = e ! i =N
£ ZFEA e A g ojuf wuj AgE Ss § L ! % b 3 4D
B {4 = he @wor skl o vlee A#
% (Fitness)2tal Fhch, a9 3. AFE A9 A3 delE 3l
A= 7F GARIF B4 sl gl el dvk Fig. 3 Game result data file
v A A debis FA otk weba o] i
Ade yste do] dvh} ks x & 5 gl Az Ao A5 Al Hale] o] 7z}
T2 AR ol s} vhera #Am AQde] Aol T AYdE Adsta, BE Aol Bud Aitd A%
AEZ AAFA Fx, AP bF Foe faq  =FE CIEeR w ks Wl qlate] dlejdn
AES 9F 4 3y 352 Adez ATt ojeidt Aol AREAF TED WA AlLA
ggle] QAPate W] fHol WY gow x4 WHAH
SFw i, §8e Wy tad dinis olg} e duEFe ZTraY P B AE
Zrlsh, o)dA AAE AFYEZ sFom A9 atal, 53] A¥eE sui=A AdAchd, AEd
SARS 4] Wk o] 47 F dAPozm 24 olE] 7% wldlA #WMe At AGFF A &
Wola] Wl IS & T b A 1S A gdols s & Aolvh. o wWE 32 7}
A7tk o] BFAHL & 4 wEad 7|Ed E45) FAAZE v Aldel A3t vlelHE vvtew &
SR T T B R A e I P o U B R b
o] FHAE 7HA L Wel kg gt
Wo| Ao wul Ao zul A A A= 5. Matzof we ololE et 24
A9 HAHE B8] f8 AHSEE ditelt ojsl dlolH 412 HXE A3 F s &
obA AAPHA 8/ FARAES] 7 stEA TS Ag Zoltt. Algdeld oA HbssE 7 Al
20% TE= Wo|A It 20% o|ate] FEE E~ o] & uwintr} st fFrike Adiek FHA
ES dBAT, A9 AHHS s98kA Fshar Y WE, Aol ZAd sgslE A9 g (F A4
oo Aset MAEE EAVE AR 20% AEARY) aga AEd AREE O™ 33 #Ze
2 gt} Wo] WMo wWol A7 Jpsx g™ 4 csv 342 A A3t} Evasion A#@o] AgEE 9
olEl et & A7 YHE g At JE ngeh, oA g Aol frHA WSk 0FE 15
A BE FE A AR B dolHE A 747 EAE, AdzE Adss dolErt o EA
date Zelth. 8719 fHAelA o HAHE 29 HaleA] A Qo
HhEglo] thg ATl 16709 FAA7E A4 R a9 4= AdZE Al mhek H3met YEA]



266

g
B

—— Evasion
Time

400

300

200

Evasion & Time

100

20
Generation

a9 4. At w2 H3tmel AEAZE
Fig. 4 Fitness and survival time by generation

—— Evasion
Score

Evasion & Score

Generation

% 5. Aol we Hgre}

Fig. 5 Fitness and total score by generation

=
S

.
A%

Fro] oj@A Wdt=A F 1ZE HAHA B
a9 5% Adzh Aol whet A3l A<
A7t ojgA WeteEr & adzs
A BolFErh XFLS AdE Yy, Y
A7t A A=t AY Axke] Hhgkoltt
a9 4¢ 2% 58 BY 1040 AEAAE
ol A Ade Ax el AEAT 2
F7F FUEE RS B 4 9o, 404 AE
A A9 HHHE "
k. AW 404
Ay A9 HHHE

r
L &

o

N

sl

= =z
h=

=

A
7 dlolg 9} Ale] AY Az dlolHE v,
gtk HAE ZYolojEe HA 159, H) 224

o AQe APskRov A Ao BT A4S

0y
ol
Jo
ills

PAC DM DY H HS JH J5

Al and Tester

W NW OC TH

6. AlS] Huo H5e ZHolof Ao H
Max score of Al and max score per player

Average Score
5 B
o

g§ 3 8 2

v
=}

PAC DM DY Hj

HS JH 5 W NW OC TH
Al and Tester

7. Ale] St Aot FHolold H AF
Fig. 7 Average score of Al and average score

a4

per player

Alrkstel Alst vl sttt

A Az, a9 63 o] Hw AlY] Hu) H5
ot o =AY 5 A5EE 758 ZdoloE
o] Byl QA AR ZdelolEe] ¢ W& A
F5 71Fsth 2y Hd) Agel A Alek Z9)
o]0 o] FAdl Aol ol ¥ A ¥},

w200 o] 4S 2% A Al9L Hit A4
= vud 29 7% 2E Hd FA5 vue gy
Als} ZHolole] Ha "G Hol7p Fdsirhe A
S 4 F AUtk =S e 400 oS e o
WAL= AFRS 18k Yol KT o
WAY A A FweldE BAT S gl 1Y
Wwako @ A tpolzh Sutel gloh x| wk Fwl Al
T FEHEAA Z9HY o= FKorw FAY F
e o, Ay o2 ZHoE B Yol
£ w712 A8 de & glong Alghe] 2
3 gle mE Sr2 WEks d3ele] whx A
A% AHE 7o Fol MRS uW LYY
g3 EeS 1Yt



Clezsstal==2X

o A AIZ PR %
9% ® ohet b w4l
A

it oy
4
BN
kS
A

oot
i
rlo
1
.-:\:é‘
X
EIO
= Lo
2 o
o
38
2
=
fru

oo ¥@ kI
=
2
£
£
o
12
Kl
Ak
i)\
Ol
>
-0,
2
ot
1

o
2

2
2
i
..;g
X,
o
1o,
oy Lo
4
ro
R
rO
[m
i

X
jate
lo
N
)
o
ol
ko
2 do ko 2 o

o
o
=
£
N
(M g
N
~
>
ol
o
s
>,
O
=2
-
2

g Mo

rlo

2
oy ox

0
)

S
%2,
)
QL

Loy
=
o,

>

il

o

[>

o

ot Kooy

ot
i
=
2
2
il
f
v}
g H
rlo
ot
&Y
2

N
b
ox Ol

& o O ) af oF XN O omx xd 1> o |m Lot

QL
RS
&

@ Roxo

>

>

o

o

fru

>~

e

b

N

N

olr

£

=}

=

o2

i

f

AN ox mu ox

32 oo o

£ o

1 2oy ©C
[EOR-C )
kY

o
o
[
ol
o2
=2
o
2L
2

=l
YL
il
o
¢
i
ol

£ i

i)

of b
o, b

2
Lo Lo

0y,
ok il
N
fu
>

N =
~
i
o

£ ooE 12 oo
o2 Iy K

18 -

tlo
e o

o K
r2
-+
2

§]
v
|d
fru
ox oM mx o ¥

Ak

iigl
B
2 £
o ko
_>l4 r_q)o
MRy

o,
S
o e
o o b

ue
o |o
e

o

R
yo, M oo o

ol el

oo i mo ™ N
B
N
24
r>~
3
QL
i
-
BN
i
)

)
e 2 E

to
N
L

+

References

[1] R.S. Sutton, A.G.
Learning :An Introduction, 2nd Edition, MIT
Press, Cambridge, MA, 2018.

[21 HH. Lee, T.Y. Kim, M.J. Choi,
Reinforcement
Aerospace Filed with Unity,” KSAS, Proc. of
Conference, pp. 522-523, 2019 (in Korean).

[3] S.Y. Jang, H.J. Yoon, N.S. Park, JK. Yun,
Y.S. Son,

Reinforcement Learning,” ETRI Electronics

Barto, Reinforcement

“Deep

Learning Application in

“Research  Trends on Deep
and Telecommunications Trends, Vol. 34, No.
4, pp. 1-14, 2019(in Korean).

[4] Y.W. Shin, “Control of Intelligent Characters
Using Reinforcement Learning,” JICS, Vol. 8§,
No. 5, pp. 91-97, 2007 (in Korean).

[5] YW. Shin, T.C. Chung, “Improvement of

M 153 M 55 2020& 103 267

Sequential Prediction Algorithm for Player’s
Action Prediction,” JICS, Vol. 11, No. 3, pp.
25-32, 2010 (in Korean).

[6] S.Y. Park, P.W. Park, JM. Kim, J.H. Borm,
S.W. Lee, “A Study on Searching Optimal
Path for Robot Using Genetic Algorithm,” J.
Korean Soc. Precis. Eng., Vol. 35, No. 12, pp.
1147-1155, 2018 (in Korean).

[71 JN. Kim, H.T. Kim, C.W. Ahn, “Routing
Algorithm for Multiple Environment Using

KIISE

333-336, 2011 (in

Genetic  Algorithm,” Proceedings of
Conference, 38(2A), pp.
Korean).

[8] JM. Kim, S.J. Kim, S.M. Hong, "Players
Adaptive Monster Generation Technique Using
Genetic Algorithm,” JIC, Vol. 18, No. 2, pp.
43-51, 2017 (in Korean).

[9] S.W. Park, W.H. Lee, "Genetic Algorithm for
Game Monster Generation,” Proceedings of the
Korea Contents Association Conference, Vol.
4, No. 2, pp. 811-814, 2006 (in Korean).

[10] T.Y. Kim, J.S. Choi, "Game Difficulty
Controlling Using Evolutionary Algorithm,”
Journal of the Korean Society for Computer
Game, No. 11, pp. 20-27, 2007 (in Korean).

[11] CH. Jung, CY. Park, S.D. Chi, J. Kim, ©
The Battle Warship
Agent-based with

Simulation of

Reinforcement and
Evolutionary Learning,” Journal of the Korea
Society for Simulation, Vol. 21, Issue 4, pp.
65-73, 2012 (in Korean).

[12] T.R. Arungpadang, Y.J. Kim, "A Study on
Dual Response Approach Combining Neural
Network and Genetic Algorithm,” Journal of
the Korean Institute of Industrial Engineers,
Vol. 39, No. 5, pp. 361-366, 2013 (in Korean).

[13] D.H. Oh, "A Study on Pathfinding in Game
Environment Using Genetic Algorithm and
Neural Network,” Proceedings of the Korea
Information Processing Society Conference,
Vol. 23, No. 2, pp. 607-608, 2016 (in Korean).

[14] OK. Kwun, JK. Park, "Control of RPG
Game Characters using Genetic Algorithm
and Neural Network,” Journal of Korea Game
Society, Vol. 6, No. 2, pp. 13-22, 2006 (in
Korean).



268 el

0H
=
(U
02
[

Jin—Soo Park (% A %)

He is a prospective
graduate of the Dept. of
and

Computer Science

o
= Information Engineering,
| :
Korea National
University of
Transportation. He will

be received B.E. degree in 2021. He is

interested in artificial intelligence and
game simulator.

Email: jsorry0130@naver.com

Ho—-Jeong Lee (°] & #)

He is a prospective
graduate of the Dept. of
and

Computer Science

Information Engineering,

Korea National
r . University of
Transportation. He will

be received B.E. degree in 2021. He is

interested in artificial intelligence and
game simulator.

Email: turtleB076@naver.com

olEet

rol
J8
2
=
0
0
ol
Jo
i}

Doo-Yeon Hwang (3 5 )
He is a prospective
graduate of the Dept. of
and

Computer Science

Information Engineering,

Korea National
- University of
‘Transportation. He will

be received B.E. degree in 2021. He is

interested in artificial intelligence and

game simulator.
Email: dyrhl456@naver.com

Soosun Cho (% % 4)

She is a professor in
the Dept.
Science and Information
Engineering, KNUT. She

of Computer

received BS and MS
degrees from Seoul
National University,

Dep. of Computer Science & Statistics
and Ph.D.
University, Dept. of Computer Science.

from Chungnam National

She has been a senior researcher at
ETRI for 10 years. She is interested in
statistical machine learning and related
fields.

Email: sscho@ut.ac.kr





