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ABSTRACT

In this paper, we propose a defense NPC control model in the soccer game by
applying the Decision Tree learning algorithm. The proposed model extracts the direction
patterns and the action patterns generated by many soccer game users, and applies these
patterns to the Decision Tree learning algorithm. Then, the proposed model decides the
direction and the action according to the learned Decision Tree. Experimental results
show that the proposed model takes some time to learn the Decision Tree while the
proposed model takes 0.001-0.003 milliseconds to decide the direction and the action
based on the learned Decision Tree. Therefore, the proposed model can control NPC in
the soccer game system in real time. Also. the proposed model achieves higher accuracy
than a previous model (Letia98); because the proposed model can utilize current state
information, its analyzed information, and previous state information.

Keywords : Decision Tree, Soccer Game, Machine Learning, Game Al

et 20114 82 182 YARE 1 20111 128 01 AAIRIZ : 2011 128 13
1 AMK R Corresponding Author) : O[CHE (rhee219@smu.ac.kr)
2 7= M2A| Atstol S DHH|(JP090973) X[ Eiop ==l oi2 Znjelu|Ct.

113 w63 20114 122 | 61



T AYS AlEd

27 A fHow

EA Sports?]
dell S A=
S E3 9tk
A AvRY s 2t
T FHa FAREA 16
¥ FAAE Sl A
A AAske] 22z A9 Fopel
kA 8ka JoHll 3 22
T AY dANAE vhget
EA8Th ARk Ze| e
ol A=F3 Addol gl
= el Ael
Ql‘%—o}ﬂ o157

o
N

o]

L
R

0%

it
Hi
2
ro,

o)

o
N
2
i)
jinc
to 2

a3

o Ly
oo,

oy
i)

r e e o 2 @y 2o
P‘L
K

T L

o M

S

Oz

o,
o

=l

de
oX,

ki

N

N

=
Mo W

=

Stk 3

e, $o2 24AAE NPC Aol9 9
ATl s AR 3l E AR
A} el NPC Aol sl 23] 4

oA AR el A A8

FABA AQe A=A 2Fe Eal

Ld

o mpA g e 2 5o AES Wit
2. AP
Al NPCE Aot faliM+ o3 2
2 EAS mydor gl Folnch AAztem
NPCE AAE F JLF oA} ZAHo] ufo=
g g ojok gt} T3 A WaElo] dERFA

GOt ARG AA e AREARE A71E Sk
U= =Ao] Fofof gt} olelgh A& 31wty
159t FSM(Finite State Machine), ¥ %]i=%],
AR gaEsE, AAFY, AHEE o]
Hgol AlRFE ATH2].

FSM NPC7F @sdllof sk
S AHostu, ZHdd ug FEHE
yES Aoty FSMS -do] Ha 4x7
A2l o] AANE TEste] g
A od&d 5 ArH3 4] ¥HH FSM

st AAAe] F#A

A7t Fol s
o] #lg-o] WrH3l
°HUH6} xds ﬂﬂl’é‘}ﬂ ‘%’4’311 AH&-

o

-

oy o o o

3

cON
ofr
20
X,

& oox =

)

i —U
oh

5 o

XN

}+

Lo
.

O
2
E o oo

rir
S

62| s=AYsts| =2X|



— NPC Control Model for Defense in Soccer Game Applying the Decision Tree Learning Algorithm —

)
A

il
Ak

-
70

o
T

2

bl wisl Alofol

o

wK

o

%

Ax o

ol
do

o) $Azte] Ajgol e} A4

o

o

M
)

o~
T
=

o]

_

13t

A

ki3

4

H= dl

S

o
=

}‘\_}

A

o Al Al AA]

7k kA
L3t7]

o

o

ol
!

T

h=i
LN

)
=

7ol ool wEtH10].

olth. Abge] Fi7h of

‘%‘3

A AREAL A AA AR

=
=

oAM= WA

o

il g

3

1o

oy

Tor

N
4r

T AY MW A=A A A G

=3
=

i
=0

X
T

|
g
A

el

4r

A el

3|
S

tob whebA Al el

o] wolxoh
7]

S

gt

Aol =g

=
=

24 23

2] 9]

AlZke]

A
T

CRER

ol
=

T

Al
T ATH3,101.

tH om e £ Aol 2

S

o 277} W

=
=

o0

Bo

=

n2 fx], Hash go] golstti11,12,13].

Eilsg

SER

AL

[e]
T

A AgAreh wh

gk olyg} NPC

h]:
S

g Aol A e ol

ol A=

€l
j=

A 2 sl of

=
o

FSM& A

w

AR

<= [29 2]¢]

R
A, A, B, |, ¢S

=
(<]

Au Al gell A A E ] o

Qe A4

)

A=) A=)
55, &,

)

&

(a)s} %ol

20114 12¢ | 63

X=}

11 w6



A4
7zl

[e]

=

3},

=3
1=

(2% 2]9] (oA
3l

o] 97k 47t 7hes
(29 2]9] (b)) 2ol

L

R

p

T

Shet.

o

upebA] ARE-AL
Al FA57F NPC 7W7kelel 9lar, NPC7F BlE

MAEE, Setold e, Bastete] 57k4 497t

hs
o glehe, 17 219l (DA%

Ble] PR

L

g %7 Al 58] NPC Al°]

1SS &8

o}
=
S
TR

P 'ﬂg 1.5

o] o ef

A e =

2~
T

=

(b) NPC &

2=

=

TR N3 o T T om nE
= B W T " m ok X W ~+ RO = Ar | o
T T T A o
= ® 30) ol N
leﬁE:/ Z‘OI‘H_OIO\u \ﬂv_Allﬂrﬂ _vﬂwo R ‘WQ.EUAT EE
- R MR | =
P A < z
- 2 0 - . o o .- bt
oy o o - T o % , @i oy
Patgezalydacs sl - B
— ) file) i I~ — ~ f
MZM%.%@._%%% ° LEE
TEEAIILUT LML [aar ) 0
%[Mﬂi ! WK o e Eﬂﬂhi B 4r ..><.
£ o w o op B A oo oo ~ B | T A
N — 7% o X of _ZT o = o o ZL !
X m = T o o W oA o o7 | <M_.T_|>
H&Wumwmﬂiﬁmﬂﬁﬂi%wzv - ﬂmm A== ik
ol .A_ v ol o O E r Cﬂm‘_%o ¥ | =~ ..ATEUHHAT
{ B3 A v Al -
= o o = ma W W ol O = Soto | wo |2 wﬁotorﬁ
%WWM@@% Y ,mMWME © VIR
0 10
T o TR AR Faw |« TEETL
CU -l NS M R Erow TNy <
o oF X Hoom T o) W WO TEROE
. = lozTNNzT
TR s ) O
e | T wy__Z
— & .
T " S A
T oo 2% =
i
T : 1 NN
wo TRe | § s T
z b | EEF )| gebgeres
—~ — ul T ORI IE IR OR
s o0 =
<° I % TRx | 8 I
3 1o L2oF | 2 |T|. peerrrree
oﬂ = o ~ = 0 | o O B O HO O WO O TO
= —
= o = %M_nl M my M v 1o 1o Ho 1Ho 1o o 1Ho Ho
ot go  H 0% TR ﬂﬂﬂﬂﬂﬂﬂﬂﬂ
— - e | Q|| RERERT T
O T o X | 5 |B| 905005500
% ~ NIl i = o}
— — | & | fo ol 01 9 9 O] o] o] o]
W = SISISISISIS OS]
_ TR S TLELLILEA
o0 =_w__“_ Fo BF = Ol L L
— — el
N — - \ml/ zZ
= mgu M(




— NPC Control Model for Defense in Soccer Game Applying the Decision Tree Learning Algorithm —

(29 2]¢] (d)oF el

R
L

T AY AH A" oA

R
L

14 A ok

el

==
T

gz o

o v}

t‘g:

jariy
o

i
il

8 w2 (29 319 (¢ (@

4r

M)

el

w

!

e
-

(2" 1]elA B0

As

O~
5 o

o
Gy
w|
1%0

T

o]
N

vhgto @

o=

A =2

)

|
5

X

]_

d

t}
of, [2d 219 (o)¢k [ 3]¢] (a)¢]

e Kl

Gl

s

Ao}

NPCE

1o
Az
o

]

=

A

e &
@4

913l NPC

NPC 7}7ke] 9]

Sl

SEREIED

Az x13Y

]

<
el

—

2 10110 &7 Ag

= A

toh (19 4]

3|
S

Y g xel A%

A
[e}

e

oV
N
N

el

0

.A
4r

ol
o]
e
—_—
1o
m

el

X

<0
oR

F AREL N A

R

(29 3]9 (o) o]

o=

ot

il

O

Bl

o

BEoz o

njtto 2wl sigka o]

)

ajo

.

)A

5

—_

1o

T

i

el

e

oH

_r

of

o)

il

-

T

™

-

&

No T
W
% o
do B
wOE
= =
RGN
EA_V ™
O
D
to oF
7 Mo
~ o
Z 0O

a

o &

™ o)
o

g
=
M T
™ ol
n =

wA
Ar

A7 2ol

wj§- ZBga NPC 9 4diE

wr

t‘g:

u.uﬂO

HoA NPC Alefe]

KO

!

o AT nw | Aol | My o | T mp | My op
° Wo T | BTHE|ITIHE|XT T |®F
50
‘c% pHmO ) e e - N
e A
Ho Z.‘w;TL = S [aN] — o © o
zo T
mr A
Ho ,Am.ﬂ ol ™ — [N < ©
R
mr Ak
= ™ on <t [aN]
M%M% -
O ey DR
W xmn Nt < [N — o 3] o
N
g
& % o Mumn [ mwor | mwor| T | muomr
Eo®m | T |Tos|wes| T | Tk
T
700
m = | ow | w [ w | e |
Q% o e fav:] ~n =
hel
BT
Rt | v |2 88| =
= = | s | 8| =2
TR S |s|g]| L5
o o T ls|g8|€
~ ~ ~ | ~
=) = P ~ =
gx | § (8|8 |8 Z
- T |2l |8

W & l2|148]| g
ok g < I = & &
NS = =] %\ = S
n S =) =S = m
Eix | 2 2|82
~ oF — Ian] = =
=*T | T TS| E|E
n 9] S| 2|3 |2
jnt = Q 3ok 3 o~ &
P& | g | F| S| 8| <
R T TIE 2T
— S s |l g | 8|8
ax | 8§ | 8|37
T | T |s|E]E|E
= = = N =

s 3 g | S N7

s | T ||z |g]|F

(cy247s}

—_

A
N
ﬂ_mo
il
mJ

%0

X

20114 12¢ | 65

X=}

H113 |6



&
g |4 | ~
eIl
2|82
) oy m =1 B8|®|&| %
% wlw T2 B8]
lelelmlwla|E|S| 2| S| 2] E
Pl | w | 2| | m|B|E| B8 B
Tix =gl l=| 82|58 E| 8| E
ol |2 2BEIE|F|&IZE|2 %
BRERIEEER I R Y
=] a >~ |
5 ol s %= ¥ o X
Blm | B
= zm T B
= =
M EM a a
Ho
dlz|E| 5| B8 E|lc|E|l®R| &
= T g TE
oF RO Rk EReli
T B o T W T g o @we
) Gy Yo T W g T
TP e =y E
o — N~ m EE
HT_ f <3 o \CH ‘Ol
i m1 o) ,L_MWIO nT_ e rm =r R
O o WS
AT T A o oo
= 4 1o o) o = _Sﬁ
AT ‘DFL ol o T Eﬁ i
T T LU=
) . ko)
gnis 2o MM |z N Nﬁ_
T X
o) Az yp 7o ol mm“ W dr
W or %o = GRS
—_ i_l ﬂ EE E_ _ N ‘__Aﬂ
T o W R .
i Nome ™ e e
N~ MR S B 76
wE PR M T
i w o mE g d TR W
MH N Z o e 4r WE 0
T o o ~ .m O
A= ™ %0 W ) S~

3l

0

x
il

il

o

Kol

=]

2]¢1 ‘4

3T
It

W T2 |
tol A 3371% = 7H¢ wol o

k<
H

15

&

s §lo] o

-
Ao

==
=

=

=

10:10

il

ke)
o

A1)
o e

=

=

719

3L
=

kil 28950709 A

S

&

Saw AR50l
g %

1<

e o AgAL o9 ALH

A

23|

L

26,0557

2l

B

iy
W
!

kviel

s

(pd)” 2.2 64.28%9]

Ay

|

[e]

oH

M
A

=
T

ot

=

=

w30l ot

(bx)”
=] 64.63%7F =

3
Rid

CEER

WS vHt7] wEel
o] x&

L

3

o
kel

“3r
[+]

[}

AT

) AEert 011%2 7HE
ol
°]

A

3

(pd)”el
{5E].

{50]:

)

A 1

H
o %

. A=) 0.24% 7

0|

%
!

q

ate] 64.39%7F = ATk

o]
3}
=)
7}&

=

o

=

=

ol

-

“NPC<2]
(bo)”
=13

5

3

°©

f

A7}
0
NPC

113 el

i

°
pid

11 9

=

A

°©

A
It

|

1l

[

ot ]

[e]

=

=

L

3

R
pil

14 2

ke)
pid

p

7 920

core(TM)

FAEE

<]

Aifel AAR A-§ATE AHH
Windows XP 32bit -7l A

= Ak
11748} 24 oA S4& AH

2gllo] AAIZE #go] 7t

intel(R)



— NPC Control Model for Defense in Soccer Game Applying the Decision Tree Learning Algorithm —

gl 7] wiEoltt

A% | 34 | A% | 5%
9 6 | - | wW | -
o o6 | - | 618 | -
o, bo 6170 | 4006 | 6439 | 4011
o bo bx | 6355 | 4085 | 6463 | A0
pd, bo, bx, bm 70.40 AL 61.90 v2.13
bt g | s | e | w23
pitobe | gy | s | %8 | vam
phbobxbm | g | sy | s | w2
pbobubn | owg | 1@ | A0 | 908
ppabo b bm gm0l | @3 | vos
?f(j;, %ybﬁg,ybﬁ sz | a2 | me | vodl
pibobx. by 10| g1s7 | 206 | 492 | vaT

E 3
|

_O‘L
T
5
o
~
ol

ryo
Al

=

ol
dot
0 I
)
2
ot o8
o )

Mol
o,
o,

off o

2
°

=iy
My
o, oo

=
)

ofr
-

[¥ 3] NPC AS29| HET

4 a4
ARE | 34 | A%%| 30
= 98.13 - 98.17 -
nb 98.13 - 98.17 -
nb, no 98.13 A0 98.17 -

nb, no, pd | 98.15 | 20.02 | 98.20 | 20.03

nb, pd, no, bm| 9814 | v0.01 | 98.17 | v0.03

nb, pd, no, _
Bm, pa 98.14 | A0.0 | 98.17

nb, pd, no,
bm, pa, ny 98.27 | 2013 | 9796 | v0.21

nb, pd, no, i
bm, pa, ny, bo| 2832 | A0.05 | 97.96

nb,pd,no,bm,
pany.bo.bx 98.38 | 20.06 | 97.89 | v0.07

nb,pd,no,bm,pa, i}
nybobxnx | 9844 | £0.06 | 97.89

nb,pd,no,bm,pa,
ny.bo.bx.nx by 9848 | 20.04 | 97.69 | v0.2

nb,pd,no,bm,pa,ny,
bo.bx.nx.by.nm 9350 | 20.02 | 97.75 | 20.06

o] Agl(nb), NPC FH Athg A
7 ols W pdS 1#T B¢ 4
7bake] 9820%7F HAATE ol& & AE
doigle] FH & W HES A=EstEE A
o] 47| wjioltt.

npReto 2 7)|Eg I Agtete WY s
v A7) A, [E 4]9} fo] st A3
e dis] (Letiad9®)[13]S A-8-3Ftt (Letiadl)
o] e ﬁ‘FE 7}4 71319} ZFERkE o] 83}

H112 ®Mes 20114 128 | 67



(Letia98) | Al ek
] 54 | 8853 68.55
e
o] % A9 | 4152 64.63
g | | sk | 0008 0.001
Tl ag | oo 0.002
] a4 | 9848 98.15
Ao [
) A9 | 9855 98.20
B
R 4 | 0.020 0.001
EER
A% | 0020 0.003

(Letia98)2] A5+ olsWaFe] s FuholA
g =L ASEE Honvkd Ao v
- 9 el o= 2A 2 40 UF B
of A FZEAZE AZetA JER7] wolt
FA) (Letia98) 59 AL w$ =2
& HAth HE
A, NPCe} g
Hd), (Letia98) oS EF 84T F 9
gFshE BPHS NPCeF & 3he] ARt 1
7] wjolt) TS (Letia98)el H]3l] A
AelErt B 4 ) ol waTh o=
WHol A AMgsE AA 2 £49
(Letia9®)ell Hlal =k, F¥ Mg Fo] &4
107FA] olst= ghg Aol ARk, (Letiadl)ol Al
ste AYARE A oz ulg thdstA

g sk

rE
dot g

0 o
k1

ol
)

-

A

P

iz 4 2 fo
%o,

f
T 1o
Lozom 2y

o2 of g

& oo rlo

Aol 5 e AHES
Azro] A A uk syl
sto] NPCe A5 AAs:= At

0.003ms ©°]t} Aore= WES =T A

Azgel g3 An AAFOR §Aol

S, Aorets W AA] 10:10 F7 AYo

A Eedh AR oyt AFE 7ke] #H
A, ol dE ARE Shgol FEsiith dntA
OF AMEARE 3 WEgow AL olFstEE A
of leme, ol gWEgS AT wel= ofd o F
W &Ao]l F JIFS 7Tk Adste WHe
7t AFE e ARy ZAeAdREZ o] g9
(Letia9®) 2ok o] sWde 243 o & Fox

& BolFelh

AR, Altahs e AMEY S e
dt

olgBE, FARF R ol golstrt
A4Eds 4 gEol 4AAA =W, SAY A
A5 ALY AH Aw
B stedns A4e 5

pad

3DES

[1] AYEY 2 http!//www.gametrics.com/

[2] 224, ZEE, “AY NPCAl5 NS 9
Felaty 15 P58 Adste Fds A
E R, AAEEs =Ex] 439, CIH A 2

<, 20061 3¢

[3] Mat Buckland, “Programming Game Al by
Example”, Wordware Publications, 2005.

[4] ¥8=, =732, 9714, “A83d NPC A&




(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

— NPC Control Model for Defense in Soccer Game Applying the Decision Tree Learning Algorithm —

2% FSMS] 54 2§ wWel”, g EE v o]
sk3] 2] A114d A9Z, pp.1258-1266
Y, 234, “9x FF VIPE o) &d
2kl Aljdel H3e AsAH AIVIW”, Adst
=13, 84, 33, pp.77-85, 2008

Mark Deloura®] 3 A, “Game Program Gems
(Mason McCuskey-RItl 2 AYS 93 3
=12])", pp.416-428, A R 3}AF 2001

2AAY, ANF, FRAA dagEs AHEE B
A~ FAY ] A5 4 718, AL s
, 114, 2%, pp.19-28, 2011
Aem, 249, “FHAA gx
AL A Yzl 71”7, A FE
=%A Al5A A4E, pp.13-21

, U R A G s AR
RPG Ald ANEE ] Ao, sk Al sHE]
A6A A25 13-22

Steve Rabin®] 4791, “Al Game Programming
Wisdom(Alex J. Champandard - & <& A
¥ AT 7)), pp.855-868, G H - 3HAL

M rfo

o

F

)

WU

ofl o o (X X,

(& to 10 oo > [
o~
tlo
o,

oo [ ool i 2o

B, A, AFF, 9%, AN, ‘B
of FERAY L&HL AN A% FEA
FitA el s, AnaetsliEEA, 297, 9%,

pp.755-765, 2002

J. Ross Quinlan, “C4.5: Programs for Machine
Learning”, Morgan Kaufmann Publishers,
1993.

JToan Alfred Letia, Marius Joldos, Calin
Cenan, Diana Zaiu and Alina Andreica,
“Decision trees and rule induction in
simulated soccer agents”, Lecture Notes in
Computer Science, 1998, Volume 1456,
Collective Robotics, pp. 110-122

113 ®6E 2011 122 | 69



ST AY FH NPC Ao ¥R —

20032 g AZEY ]oish)r A}
20052 A oistal thekY e sk AL
2005.3-A A AEdiEtn HFe sty w4 g F

-I?L

BHRE: AY T2, AFAT, F4A

1| 0] 8 3 (Lee, Yongho)

st Az edolst 3 FE st A
e A AL A5 F

2011.2
2011.3-F A g o 8tal

BARO}  AY Tz, Ve £y v

21 X| &
O - o

(Kim, JinHyung)

2000384 st A Entojsht st} At %

]: 7{]01 .J_i:laﬂﬂ]

s A%, 1A%

0] tf 8 (Rhee, DaeWoong)

1986.2 A& thistal AAHE At} o] 3FaL
19882 A-etetn sty AALEA ST} o] 84 A}
1996.8 A2 tatan sk AAEA S o] dhukx}
1990.4-& A FHistal AxEgolryst
A g e ol sk w4

2001.9-2008.2 A thstm tjx|gujtio] thekd A
20031-2004.1 g ista Az Eg o] vk 3

A

ol

l
2006.1-2008.2 A tjstn A=z e o U s o
A7 o9l

o]
=]

2ol o

2008.3-2011.10 &g st Awkefshel

Aok s Al 718, CT, Al 221

8 & ¥ (Park, So-Young)

1997.2 g thatal A ApAALE 3} (0] 84}
1999.8 & o fi}ﬁ A5 8ty (o] &2IA})
20052 mEstw 7 FE ey} (o] dhuka})
2007.3-& A A 5}—/ B AR R Re PSR AT

Tl o g 2 Enlo]

EECEE]

1A,

701

e=EAIsEE =24



