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G S Bodts Az Eg ol AldE] Qo= 'A), T4,
o= ARgete] B AT T LS o}” =SP4 FHEF7], W, E
g, AAAAA S 2T SR FN = & 2, VALY T FAEe
A vt

STAGE= 7|24 02 AFste geolndag s 343 4 e 485 A

= AXUEE A4S, AXIES g E Qosta gk

o
N
L
ok
4>
%2
o
=
)
—3
e
®)
t—
1o
e
o
N,
i
I
1o
N,
olf
o
-‘ U
ol
ot
4>
¥2
v
H

<
wn
—
>
)
to
il
It
A
2
o
i
k1
Mo
ofo
ot
S
9,
N
[
=
v
-
—
>
ol
1o
K
M\
re

[ STAGE Scenario Manager - RuntimeEny - [Ground_Demo_RTS]

Fie Edit Wew Scenaio Runtime Took Help
T
. |w & & 4|4 cn|re[Q "+ [[atiion | [[mefault Bamaps] ;||
|» m 00| ten 8 |05 17 | @ Ta 3D 1|
S Time:  00:00:06 User Time:  00:00:06. [Platform Eajl| dhFind
Stenario Tres 2 x
(= [0 Ground_Demo_RTS
88 Detaied Buildings
= 89 Piatforms
i+ Escort Helo
- T-80_1
6 T-802
fe2] Tank Unik_L
- TankUnik_1_Tank 1
[ @@ TankUnit_1_Tank 2
[ Tank Unit_1_Tank 3
[ TankUnit_1_Tank 4
58 Weapons
86 Countermeasures
88 Special Zones
88 Graphical Layer
88 Reference Points
88 Tactical Groups
Library 8 x
= ] Platfarm 2
(£ (empty) F|
[ fForm{Mig23fa =
{0 fForm/T72Form
7+
a0
3 AH_84
e
(3 8MD-1
) 8Mp-2
Ld {7 BMP-1
] 2 1 BMP-2 S
Scenarlo is Runring Map In CDB Mode U Y

<% 2-3> STAGE 34

12) DIS(Distributed Interactive Simulation) : T}F3t Fa o] AlEdo]Ad B¥ I} A EHYO|HE st FU3 7MAA%
] Adsty] A dstd 4t AlEd el %13:

13) HLA(High Level Architecture) : AlE# 0|4 o] 43 AES 3 389 Z2EZH YAE 4= /&

14) TSTAGE 6.0 User’s Guide; , PRESAGIS, 2009, p44
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STAGE: 7] Aelgl &§] 23YE 2o|S AL§ste] ANFOT A (ZY
FwE 5DE Aojdth A9 AAHE Aot A& A B EHL 7

7Veh= 23 (condition) w3 EHF] Aol dsk= M3E 7= ds

(action)¥, 28] Z2AF P5ES AZs= Ao (contro)Fo=2 FAH

. AR EUAR, A9E, HEE

INITIALIZATION_SECTION
int flag = 0;
system.activate(radar_sensors);
REACTION_CONTROL_SECTION
# Z23E 23
track.cycle_on(detected_platforms);
while ({track.next() = 0) do
# 15km O|Ljjo| E= 44EH
if ((track.range <= 15000.0) and (track.ident = hostile}) then
opponent.assign(track.index);
if (flag == 0) then
# EE0 FSE7|0|H SIS OJAFY AL OFL|H ZCHA| Oj ALY 2hAL
if ((track.type = fixed_wing) or (track.type = helicopter)) then
weapon.launch(tracking_missile, “air_to_air");
else
weapon.launch(tracking_missile, “air_to_ground™);
endif;
flag = 1;
endif;
endif;
endwhile;
END_SCRIPT

<719 2—4> STAGE 9] 9] 23 HEZQ] o

STAGE:= & 7oA HEF71 A
Fste], w3k Al E
sho], 2]l diof R VA 2ol E T A A

S =
% & vk

15) A AA, p465
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SAFA A A1-8-5]= QFA] % o= A FE(reasoning), 71¥ (planning),
A4 (cooperation), < (learning) Fo| ATt FoIxl Ao} qF 3 0 2 H
AAE Aol tete] des dv AHS FEoITAL 5, A2 HArEA
of 3 FH M, 545 A5 Aste] Feo =AE Aske HES 9
ke, = 7 o)) JHAlE el shbel S EAsh] e dES bt
= S Fddolwhar shar, sk AME I RS AEE ] Al
ot dde AAHS ougi.

Toll A= SAF ZiAle] AE %OMW /‘F‘lﬂ—é el 71l

ol A2 E T8 2 Xd o w /‘} = HA F2o di&) A5
=5

1. 53 A8 7] A (Finite State Machine)

Auk AL AldoA FE AR EE Q¥ AT 7|42 #-3 A8 7] A (Finite
State Machine, FSM)+ 33 7l15=2] A El(state) 5= 74 H 71AE L3t
t}. o] FSMe] & g]lE Al FabA] gk o] A ~EEo] {33k A4
HEZ 148 71537 wio Al2']S Alojsls dugFos 7 2ol AL
2% }.16)

FSM& stite] o &5 ol A Aejoll A t& del= o] (transition) $F
o ez Fold ) AR @A el wel £l

Ak F, 9o gare] WakshA HW A4 e
Ak w3, A 548 deol 9L

A9 ge gAo @Ea A 2 Sof obd <1y 2-5>0)4] W
= vhsh gol, wol AAA AA Gl A FaAAY W AL B AL

.ﬂ

16) o1’d8, TAFA T A7l , A& : 2147]AL, 2008, p438~441
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A A4 Fe 2 ot 9l
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o
fuj
Kl

(0]
offt
SL'
)

hus

9
Y,
(i,
2
o,
X0,
ol

20 ofl

o

1)

A ek, ek of 4 178 Aol glol AW vhA A FEE uha v,
Hol Qi B A% BA G ot YA ATk EF AR G A ©
ool Qlow ‘W e k3, ool WFsW thA] b FEE Fo}
Zre.

gAW—I 2| LY

=

<% 2-5> 43 A 7] A(FSM) 9] <

Aot 0= FSMe| AWkl ofelt]of= herstal

switch T 58 if & AREste] TR = Aol dy-olAnt, 1

g4 Woet $EE e tgsith 1A FSME 58 AEAs 7%

S 878 B AYAdA gol AT FSME A 1%1

g 5ol A9 Al AnrE EojA 7] wie]

o]7] 913 FSMS &43tAY ATH FSMoz A s

FSM2 H3etal B2 5o AuE 28 45, o tdololasie gas
= =

717k SR w, el Mg sbs ek sk )R AT Helsk Rateh

?
ﬁa
)
ki
ot
Y
off
D
[-4[1

17) A3E, Az QugEy AAFS o]43 MMORPGY A5/EE F+dd #et A, , TUARg s 7
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2. A FE(Fuzzy Inference)

A o] &(fuzzy theory)< 19654 Lotfi. A. Zadeh 57} 87 &
%3t ‘Fuzzy sets’ =5oA Loz 2715
= At

'Tnformation and Control'el] 2
3L, o] =l A Zadeh nFE ‘olEohE oA HAF, 717F

2 o

fo o

2
2Oy

of
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o
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rr
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rot
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Ll
S
>
oo %O
ol
ol
rlr
=
i
o
[-411
l
s o

30,
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t
ot
(i
o
i
-
o,
S
Ql

rJ

Al AT RN, 7]Ee] IF-THEN 13 1

2
>

08{:"4
H
1o
=
iy
(o
i
>
ofo
,
-
b
ol
©
offt
=)
&
AL

ofo
2
N
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e
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=0,
o
o
1o
=
oft
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rr
M
=
2
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I
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=2

R
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o
rlr
olo
2
N
s
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2
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M
(SUANEN
of,
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rlr
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S
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S
o o
oF
o =2

Ex

(degree of membership) 2t
== 0789 8% 0, 5789
o2 Yed 4 Q) o] A& EE TR YER B o]

4= (membership functlon)ol A e oju g A W (r)7
F Aol &oh= A=
of 7}7k--1 y7F Adl
U= Als YT
of ] g X Aoy AYS PSR RS AAe v JHE FE
(inference)’ole} gttt A F22 F 7Ho] HA| FARFE el tE <
APl H A WA E X3 AF = (approximate reasoning) WA 0.2 o
o 2054 g ges A= A FF B2 GMP (Generalized

= F

Modus Ponens)$}, o]v| 4

b
s
oy
ox &

ot
B>
Oy

)=
=

“do M 2 Z
=

(2

rok \ﬂ o
o, =)
o O‘Z
- g
binad

N
-~

J% %
o o
I

o

>{L)—‘

By m

!

Ea
E]

2 ot AEolA 2AE Fohls FH FE W

2E %*ﬁ, Effg ATy, FRFTAT 418 0%, p339~378, 2011

- 15 -



>,

Aol GMT(Generalized Modus Tolens)® 2%t} ofd <18 2—-6>& 3

A FE YA GMPeF GMTeoll digh dutbal Fejef 1o mE o & YE
.
GMP(Generalized Modus Ponens)
[EHH] «is A HO| Of% BCH
[Z=71] IFais A THEN ¢ is B Ho| Ho™ L35 O|FTHCH
[ZE] g is B’ e Al&3| o|S8tot
GMT(Generalized Modus Tolens)
[F )] y is B' +1£35| 0| S5HX| =L}
[=71] IFais A THEN ¢ is B Ho| o™ L3 O|FTHCH
[BE] xis A Mo| BX| ot
<% 2-6> HA FE FF
HA] F29] ‘If A Then B4 A2 273 (antecedent part), B2 4

=
A% 2o WA F5

@2 3 Ak o

78 (consequent part)e}t &, o]=
A3t UQHV] sy E dAANA F=

G4 ZlkRule base) T4 A4S Eeas, 23 duel WA 4@
(Fuzzy Sets)’2 HA] ATgS WA =2 188 =2 4S8 @20
X et THE 7|8
(Fuzzy Sets) (Rule base)
| |
A
&Ut Atz o| TX|g} xzo| umx|z [ AP
— o 3 _ o 3

(Fuzzification) | HA =2 A | (Defuzzification)

20) A9,
ERER

A FES 8% Hg AR 94 &
= 2006, p4~7



3. STRIPS 7]¥+ A& (STRIPS based planning)

A& A 5ol A e AE(planning) SAFAA 9] & FE|=H, 525 EA 8
7] flate] 5o oM E AR AF e vk =3 Alge I
(human intelligent) 2] Z4= Q400 7o) A-&A Y} FA4& SHAY]
= 2 sgolth A& 719 (planning techinque)S 07 E %o =d35}17]
el 7hsd AE ss 2EH R "M f% 7HE on
A7 A HEHL AH -7 Rk(state—based) A& 7]HQI STRIPS2D 7]4t 7
2 (STRIPS based planning) ¥ 74 — 7] ¥ (task—based) A& 7]'H<A HTN 7]
qE A 7]‘%’3(Hierarchical Task Network based planning) 3}
STRIPS 7wt A& 7] Nils J.Nilsson ¥} Richard Fikes 7} 7§13k A
z9| Agragloltt, STRIPSS] 7] 932 Fojx Hxof FHE dIAA
o] &

rt
ne
3
i

Bjis
o
i
ol
1
o
o,
=

it
d
o,
il
-
&
2
©
e
o
At
k
Jju
to
_\ﬂ
E
)
o]
@
=
0
o
C‘/

HE ﬂowﬂi 1 st A A Ho Itk o] AS 7] AHAA HE A
H7b4] ZukE A ®WstE AAds] f8 HAxlA R d5s FUhe
STRIPS 715k A& 9] o & E9, g F1tollA A He] AfIA| o] dzol7} 9
a, C Aol BF=7 vk Yol BYA 9 HAd migdy e vl
ZRA AL AA R WA S BIA R §7]3 v 912 Seprtof ghth o] A&
%’46& Hz e, 53 dH], sl digh 4=

HAAbE 3EAIeHE, obdf <19 2-8>
el A HE 53 AdE ol o]
ol HFAH o= Move(A, C),

o= q5 £ME 2 -

_\-';_I‘
L
ihd
Hl
wm
—
-~
—J
wm
)
rE
)
-l U
=2
k)
o
B
BN

27177%1 s Az, A
MoveBox(C, B), ClimbUp(B), TakeBananas(B)
t}.22)

4
EN
B
o
=
El
ol

21) STRIPS : STanford Research Institute Problem Solver
22) hitp://en.wikipedia.org/wiki/STRIPS

- 17 -



# AE @ At(A), Level(low), BoxAt(C), BananasAt(B)
=& AHEf : Have(Bananas)

/I XO|M Y2 0|5
_Move(X, Y)_

AJERFZEA : ALX), Level(low)
Z2 & A : not At(X), At(Y)

s e o~

_ClimbUp(Location)_

A|EZEA ¢ At(Location), BoxAt(Location), Level(low)
Z2EHA : Level(high), not Level(low)

/7 et OfE 2 L

_ClimbDown(Location)_

A|EFZE A : At(Location), BoxAt(Location), Level(high)
Z2 7 : Level(llow), not Level(high)

/X0l Y2 HE0|et 2hAE 0|F

_MoveBox(X, Y)_

A|EFZEA : At(X), BoxAt(X), Level(low)

=22 A : BoxAt(Y), not BoxAt(X), At(Y), not At(X)

// B B
_TakeBananas(Location)

A EFZ A ¢ At(Location), BananasAt(Location), Level(high)
ZZZ M : Have(Bananas)

<% 2—-8> STRIPS 7]4F A= 9] o

5% A8 39 AE(Goal Oriented Action Planning, GOAP)< Fo]%
Ad S Fdsk= MAZE dA FeEjolA HE el dolstr] fla] Zagh
FeeS 222 2 o F YHoEN, BAgAS Fo7] At 5x A
oA B @A FEE qom = ot dubH o R o] AEHe
ALl e AZstr] fste] A< FH A} A 7vter RdYd
H Fo] AbEHET. dE =0, ‘AS Akt el 537 Tkl A5, A
AP GEE e 1% ol A E AR S 2L AMA AEE e AR
o M AH ‘FAEFTH AHE L, FAERLA FHE T 9% o
A Y S e otk ZF AE dold dast vt ol 7]
=Ho] 7] Wi, o] FA S Ass o= AgstH AT HRE G
st Zod dseS e 7 UTE

23) J.Orkin, TApplying Goal-Oriented Action Planning to Games in AI Game Programming Wisdom 2; , Charles River
Media, 2003, p.217~228
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rlo
S
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081:19
offt
_E
Jo
S
>
(e}
ol
2
N
1,
o
(e}
ol

Y8t Zlo] of e} WA &
22 Zrol7HAl shi= Aol7] wiitel 4Ry S s om Aed 4 9L
Bl gAY ZidiskA ke HAH o] Bk s Aok 1y o] W
< AZ=7F BRsko] HnAJe] o]fal, SAF AV g2 e AFEE %
= A5, SR AgS FHSAY AgS WESH sk o Auletk Ao
7F o9 Asl e sk B2 ARkl 285 o] &L ke ARES

HTN(Hierarchical Task Network) STRIPSo|A ] 27| AH, & dH,
aEa Yol 5o MAES FAHAINE ATA Y AYS AFE ST E
Aol g2}, P& Aoz FASHA A8S 93
o] HTNY| si4lolH, I EE AlE3H(decomposition) s A o] -2 o
sto] tholuul kAl X Eoh. STRIPSSFS] 7 & Apol 2, S48 54
el =dstz] g Aol ofvel, Y M= dAds7] 91 A
= slold

HTNol| A 2] ©@9] 34 (primitive task)< G o] A&7 22 gl A8
o] 7}s3 B5S wat™, ¥ @9 #< (non—primitive task) AlE3}7t 2
a3k B3-S EIt v @9 B /‘ﬂ-ri}o}b }3 < HTNoﬂ/ﬂt |
(method) 2}l &tH, o] AL Folxl EAE =
& 4 3t} HTNol A 9] A3}
Holth, STRIPSSF 22 Alg W2 Zefel 55 A, 12 g dols
A3 e olETte] FoJH T, HTNo A= A e Aojeo] A S gPo=z
AASL, Hde A3 7 A= e A= ol

=
-
dE o, obtf <a¥ 2-9>9} Fo] ‘FA(EA) FHL FHTA olgtE

[e)

o _lN
oL rlr
-
e

N
-
o

ox 1o

_IXOL'
o
-
)
ol

rlr
iy,
A
Sl
2
il _l N'
M
o
_O‘L
£
4
F
o
k1
—E‘
_O‘L
rir
o%

24) Glenn Wissing, Multi-agent planning using HTN and GOAP, , Luiea University of Technology, Bachelor’s Thesis,
2007, p.3~4
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H 1,
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Al 3 B s A" 7Y 2A
A1d Y As A" 71 AE
OneSAF X+ VR—Forces®} £ 7]& SAF B9 Z=FoA AL&5 = 13

W 32 (rule—based inference) 7|H-2 o7 754 g2 ol oA vt v}

o, M= 4o F54 o= A7 7Fe g A8 (planning) 714

7

Ot

mlo

2 =0l A Aotst= el AE VW & oA 7]&3d STRIPS 7]4t
AE 3 HTN 715 A8 7S E3tste] 48319tk SAF 7IA17F 88k
_“TL

AFE o MR AZH oz LS 9o P FxE= HINTG FAMe v
o2 I vlolguol A sk aL, ALl HFT H45 28] st
ol 483 Y9 5F55 Aeor Adshs 9 A= 9 752 STRIPS

ZIvk Alg e A5 =3 X3 9 A& (Goal Oriented Action Planning,

rr

SAFe] g9 AE Ag 71l g /ides ofdf) <ad 3-1>3 2t}

SAF ZH K|
JBREx | MM
(METT-T 24) (Sensor)
N Es =R | HHS 2l
COETE D | (Actaton) [T 2aixt HTN 7|4t 2 5"‘“:2;}:,':;""’)
K
#9| DB
<% 3—1> SAF9Y 3¢ A= AE 7|1 HEIx=
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5otk AR e 2
(Mission), AArsk
718 = (Troops)

), wA 8 Aol

)

I
)
Koo e

N
—
-
2,
r o]

AFAA, g7 2

9 Tzt Al A

y9 A= ?4 A7 A A= AE e e o] A2 AY
o A= S SAHoE APFForA, o5, AHA 52 JHA dse
Rl

=dv= AT 54 AHE @A) St HH9 A9 55 A
7H&3k A9 E B9 DBl AMstar, AA e et HFTH o2 S o}
St AHIE ol&dte] dagt P AFor AHZH. =, SAFY 4
s A 7ML o] Uy FaHH.

=AU E Fdsty] A1 A o A4 AT q9 25 AAG
Aot AHAE AFHoE xS st HA Y T 29 |
(composite pattern)& AR&-38F31aL, 9] Al2H/FT 8 23S Aoleh= R
2 HA X8 (fuzzy expression)WHS AE33h 302, P9 Ad 7=
of thal AT Fx A E 56ty fg BAE Jweo® 3] st
of, dAf Lo A& =3 ik a9 =2 H
, HAY 39 555 B8 i oE A3

EH(A%) &a1e]F25)S A3t

[(

O

b ot
e

°]

25) o] 2EhA FuElE : FolW FA =N B wm sbe ARARE Rohle adxEe ¥
A Qe s
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Al 2Ad ATH FA AA
1. A4 A A9

SAF 7R A7} 53 A =5
A(task) o2 &7 %ﬂr. B A=A 54 A4S S A =
e FA= A 5= o, P9 (behavior)= Fo = 719 &
23 duo S5s Witk 53] 9= oY e 5F
S Stk o] AL VIE] As AE TIRA FE AMEHE AlsA 4
Y| E 9] A (Hierarchical Task Network, HTN)®} FAFSE F+2& ZH=t)

PA= ATAHE AT F A= 725 7RI AR 9
A" T3 ol ¥ ol &9 Y= & 73
behavior)e}, 3¢ dAES TAAH S
behavior) = &7 = Atk =, Folxl dFE S| flste] a3t o
2 o] 7lw=H oL, s *’F—gﬂﬁ% O 283 PA=S ATHe= FAd¢
th oot <a¥ 3-2>= AF-HA-q9 74 oE vEhd 9oy, 19
NA Ho] 2 Alvpg] oo Bag A AR AN T A HHFH (AR I
A2 XA =Z o5 gLlo “BA FA= FAAHY, IA= o]F If= o
| AR HA B} AR olF AR FAHAEHY. o7]A, s A=

S e AR ol Y= HF Ao, el A= EHSE
2 G AR ofF, AA 9= VE A7 "

o=
ol
rlr
UE
5
w
<
@]
=2
rlr
=
)
i)
O,
i
k)
k=)
L)
£
o
=
Hr o,
<)

S

3

2 Mo
e

el

S 3H O
=3t 99l

7| el
|

<%y 3-2> YR-A-A P o
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Eq i ]
e AAGe] HAE Eu) PR TSl RR-AA ASS EAsh:
aTES O] YAl AH oz, AHgAE Tl AAsh B AR BF FASA
e s A dejelth, xgulEie] Fej tholoj e ofg <Y
3-3>3 )20
Component | +child
+Operation() 0.7
Leaf Composite
+QOperation() +Operation() <>1_
+Add() +parent
+Remove()
+GetChild()

<29 3-3> el Fefjx tholo] 1

91 2l A Leaf E2=9F Composite E#-+ =5 Component E 2
5 AE¥on, Composite 2=+ Component, = Leaf T+ 39
Composite 25 BHE 7HE o Atk =, 713 B9 = Leaf S 2R,
53 3 9+= Composite S22 AT

712 g9l O o] EElE 4 gle dflelH, 2o s A FE5E G
A sk #8ke] MR e @elo]l7] wiEel, C++3F &2 TR ol
25= YHE A8y, odes £ 7hed dHlE w7 fsko

Ot

b~
o

26) http://ko.wikipedia.org/wiki/7] A E_¥] €l
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XML Fefe] vt diojej & Agdetet. 7] d9le] e volHol= ans
=R g 7R g 2Y2E AT £ de IDE /A A

55 Aels 7l S B skl 59 A9 =5 AEE XML FH 9
wel do]El® TaAd}. o] AL bl 619 B9 AR (51 B9 e
oy &%) a9 1+ A4

Zhzke] YAE L A% 23} R AL

obg <19 3-4>F 9 FXE FHT 1Ho|t}

NE = el Mol 5= xA
(Pre-condition) (Define Behavior) (Post-condition)
7|12 ., .
HA| #3 712 el s M HX| 73
39| (Fuzzy Expression) (Primitive Behavior Class Identifier) (Fuzzy Expression)
o
Skel el 14
(Compose Sub-behaviors) s3
=8 HX B4 X 754
X[ #2 LAl # A
syof (Fuzzy Expression) SL I 52 @ (Fuzzy Expression)
o T
S4

<1¥ 3—-4> P9 X%

53 Al ske] AHEe] T2 XML FHE FHe 549 A9
55 52 <behavior> ATHMERZ 2 B7]iE2 <branch> AHEZ ¥ &
goh Trelan Zhze] shel AelE 1t 9A Bl <link> AYHER £
ot 9 <9 3-4>9] 59 @99 sk B9 7S XML gAew %9

awl e [® 3-2]9 2o
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[ 3-2] XML Feje] sk9] A9 74l o
a9 49 74 A9 92 74

<links>
<link prev="Start" next="1" />
<link prev="1" next="2" />
<link prev="2" next="3" />
<link prev="3" next="4"
condition="true" />
<link prev="3" next="5"

<sub—behavior>
<behavior id="1" name="S1" configuration=S1.xml" />
<behavior id="2" name="S2" configuration=S2.xml" />
<branch id="3"> <condition> </condition> </branch>
<behavior id="4" name="S3" configuration=S3.xml" />
<behavior id="5" name="S4" configuration=S4.xml" />

</behavior>
</sub—behavior>

condition="false" />
</links>

R

2h7}e}

e re

&
ﬁ

A9 FTE
HA] HE (fuzzy fact) & AHESE Hd B2 o]
‘AND’, ‘OR'Z 7+ o3 elalztsl ‘NOT'¢] 913}

=
HE = xis A2 X3, od7]14 x= H A %*’F(fuzzy variables), A
A #

ZA0A AFEE = A 38 H{A] 22 (fuzzy logic)

o WA 24 A
ANAE AHE Y.

-

Aate] A7E 7t

+ HA 3 (fuzzy sets)S WERTE o 7]l A &= S XML =& §
A= LA, Aol ey, Aol g, Halel et A, F il
g wfsta, wopo] FRAD B3 2L 2AL oy [E 3-3]% 2
XML #He] H#4 35 A&t
[ 3-3] HA FA9 4
27 d XML == Fe9] 94 24
o] W} <fuzzy—{fact variable="Enemy" value="Many"/>
<and>
o] Eal <fuzzy—{fact variable="Enemy" value="Many"/>

<fuzzy—fact variable="EnemyDistance" value="Close"/>
</and>

A E Wl
Eoo] Fiai}

<and>
<fuzzy—fact variable="DirectWeapon" value="Have"/>
<fuzzy—fact variable="Ammo" value="Enough"/>
</and>

<or>
<fuzzy—{fact variable="Fuel" value="Insufficient"/>
<fuzzy—fact variable="Ammo" value="Enough"/>
</or>

2477 727}
) o}

<not>
<fuzzy—fact variable="Distance ToDestination" value="Far"/>
</not>
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9 [& 3-2]
(EnemyDistance)” &

SEACH

oA AFEH XA
52 o

T

<19 3-5>¢}

H 2= 0]

_l_ ]

4] 4 (Enemy)’,

%Lo] u%hﬂ Al 6]—

H3te] A

S AFgoR 3

¥R W4(Fuzzy Variable)

XA L’\Q ”331’1‘:] 3 (Membership Functions)

EHFew) EE(‘M\dmle) T Many,
1
o] 2= 15 4
# o] $*(Enemy) §<
0 T T T
15 20 25 a0
|nput variable "E 2| 2(Enemy)"
IR K Close) ‘ ' H Emicelle) ' ' HCHFar)
1
: 05 —
A 3}e] ] (EnemyDistance) V
i 5 T 7 T T
1] 50 100 150 200 250 300
input variakle “E 32| 3 2l(EnemyDistance)”
21 S(Nane) i ' ' Eﬁ(;—ieve)
1k
) = b 0.5 E
B ZAL3E7] (DirectWeapon)
0 T T T T T T T T T
a 05 1 11 2 25 3 35 4 45 5
innut variable " = 5 | A5} (Directwieapon)”
H Zqinsutficient) ' ! ‘ §—E—(Er\nughjI
¥ =
o o 05+ B
B AEF (Ammo)
0 1 1 1 I 1
0 a0 100 150 200 230 300
input veriable * 2 SEFammoy
S Z(instticient) ' = EEnough)
0s e
A= (Fuel)
o 1 1 1 T 1 1 1 1
i 10 20 30 40 50 B0 0 80 a0 100

input variable "™ S(Fuel)’

LA 2712 Az
(Distance ToDestination)

EE

DFZ FH2 T VeryClose P ChClose)
1

"UCkFen OFFZCkve

Far)

T T I I T I
100 150 200 250 300 350

input veriable "SE K| DH2| H 2| (Distance ToDestinstion)"

I
400 450 500

9] 39



9 agelA A9 ' WA B AT(0~11), BE (4~26), ‘B
tF(19~30)2 TP, Zzke] A g5, o 9ol A 2 g 1
ghste} o] A & Utk BhE WA WEEE o TPIA ANG g

=
Aolatn, ol@ A Hela HA MEELe AL L T 279 7

o ol
e el AHgdTt

A SR 2400 AR EE = 1842 I e el At
wel o] WE& vge R A4 A ol HHEIF 284S e AY
02 Bd A vlalshs H ARl ols T Aol FREAY e eR &
ekAl A E ol A= 97 Bk AR A% @S WU B |
o Qddkel] e AR ST AR A Sd s dds & g o
27] Well, =2 i S BrhsAY Al Aaks ashr] el 3rE 7
Arst7] AL Felz Aatsk sha, BERF RS A s s A

o,
<)
ko
QL
iy}
i
AC)
3]
[4 {
1>
1o,
o,
=
b
i

fo
QL

of =8 A3 (Disjunctive

Normal Form, DNF)27) & a18]FS AFE3te] =832 =23 FE(AND9

OR FH)= A3t slo] dAke] S dwkst ot &3k, =229 53

=5 g&4om a7 St dx=ZEHi FeiH

(Espresso heuristic logic minimizer)28) &g &S AL

g 2@ AASIS = A LS ol 2
=wo H9E Hlolyy] wjEo] daeFY AR W&s skl

Q
B
|

3. Z¥2A(Class) T}o]o] 18

(
—

Y= AZH T2E 27) M RZES O] Ul E FA =
Pre A T

WS AHRete] S5 AAS Y. ofdl <719 3-6>0A K= uie}
o], AEFo] 2~ F e S AEH 0] 222 ‘IBehavior'e} 9] AEFHo|~E
&2 'TPrimitiveBehavior'$} 'TCompositeBehavior' Q1E|#|o] =7} v}, 1

I F AEH o]~ Fd F¥ A+ PrimitiveBehavior'®t 'Composite

Behavior'7} 912.#, CompositeBehavior+ IBehaviorS A2 === 712 4

tomy o

27) http://en.wikipedia.org/wiki/Disjunctive_normal_form
28) http://en.wikipedia.org/wiki/Espresso_heuristic_logic_minimizer
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ot 7]E 39 ¢l PrimitiveBehavior S|+ ¢ o] &, et g, A
e 5o A0 Qo EH3F 92l 'CompositeBehavior'= 3¢ o] &,

NA 2, B8 27, $APAES 5 4L @ Yok

i, O

O
PrimitiveBehavior

i
1

O

IBehavior \

S

iCompositeBehavior

PrimitievBehavior CompositeBehavior
-_Name : String -_Mame - String
-_Entity - IEntity -_PreCondition : Condition
-_Parameters - Map<Sting, Value> -_PostCondition : Condition
+initialize{entity : IEntity) --Eii:gmfr?apgiit?;;lmhmm}
+begin() = - A '
+execute(): ExecuteState -_Entity - IEntity "
+erminate() +initialize{entity - [Entity) i
+begin()
+execute{): ExecutaStatus
+terminate()
+addBehavior(behavior - |Behavior)
+addLink({from: int, to: int)
+setPreCondition{condition - Condition)
+setPostCondition(condition - Condition)
<71H 3-6> 9] SF toloj 1
712 B9 A 7 A R TR A, 28 d9 8 w9 AV
g ds A F JEF TE2E 7HAoF e ti Rt 7 92 A
RS AT 5 AES AANA EIAS 2PN 9B a2
T A= 7L AR} AR S A, 59 A9V 23Feka o= 6t
o AE AA, Y FE WY A AA A, aYy AR E FE X
A9 A4 w Belate 5ol Fud. N2 G99 BE B9 oo
4 2 eHyold AW ok [E 3-4]¢9 &
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(% 3-4] 712 9] @ 25 A9 el S43 evdold
e B &4 e ¥y oA a3

_Name: String g9 ol
_Entity: IEntity g A9 3 A
_Parameters: Map<String,Value> | 39| dz}vg

Primitive | initialize(entity: IEntity) %713} sk

Behavior | hegin() g9 A sEHE T
execute(): ExecuteState {%% TSR Ew S (9

T HHE g")

terminate() g9 T8N TE=He T
_Name: String g9 ol
_Entity: IEntity S Pl e AA
_PreCondition: Condition A2 27
_PostCondition: Condition 85 27
_Behaviors: Vector<IBehavior> Skl e =55
_Links: Map<int, int> sl9] A=Y A4
initialize(entity:IEntity) x713} g

Composite | begin() 9 N2 TEE=

Behavior 9 SaEol T2 - (39
execute(): ExecuteState e ez 2)E)
terminate() g9 T8N TE=He T
addBehavior(behavior:IBehavior) skl 9IS ke g
addLink(from:int, to:int) —sj}ﬁ EEH_ Skl AR

¥k g

setPreCondition(condition:Condition) | §¢]2] A&+ 2718 A4t o
setPostCondition(condition:Condition) | &9 T8 Z271S A3t &4
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N2 2 2 T8 2719 FE 9 Condition F~v A&H 9l Az
1 849 METT-T29¢] tigh 21 =T 5 dojof g}, 53], I+
E AQe A s, 7HEAIRE AE R 71, a8 a e gk 84 e
HA =g xdAo= Aot} HA =8 xd22 AND, OR, NOTH
< = dibAbe) 52 HEE AFE-E g @S T8, HA =

o

Condition

-_M: String
-_ETTT: LogicalExpression

+setMission(mission: String)
+setETTT(ettt: LogicalExpression)
+evaluate(): double
+compare(condition: Condition): double

?

LogicalExpression

+evaluate(): double

+normailzeToDNF(): LogicalExpression
+compare(expression : LogicalExpression): double
+minimize(): LogicalExpression

YA\

-_Op1 : LogicalExpression

-_Op2 : LogicalExpression

+evaluate(): double

+normalizeToDNF(): LogicalExpression
+compare({expression : LogicalExpression): double
+minimize(): LogicalExpression

FuzzyAndExpression
-_Op1 : LogicalExpression
-_Op2 : LogicalExpression
+evaluate(): double
+normailzeToDNF(): LogicalExpression
+compare(expression - LogicalExpression): double

FuzzyOrExpression

FuzzyFactExpression FuzzyNotExpression

-_FuzzyFact : FuzzyFact

-_Op1 : LogicalExpression
-_MembershipFunction : int

+evaluate(). double
+normalizeToDNF(): LogicalExpression
+compare(expression - LogicalExpression): double

+evaluate(): double

+normalizeToDNF(): LogicalExpression
+compare(expression - LogicalExpression): double
+getFuzzyFact(): FuzzyFact
+getMembershipFunction(): int

<ad 3-7> HA =2 x84 Y2 golo]

S oA, A2 T2 FEHQI Condition 2T wAE HEH 9

M43 HA] =2 d2 deje] ETTT(H 4%, 7HAI17E

29) METT-T : < %Mission), 273 (Enemy), 7}&A17H(Time), A& 2 7]*H(Terrain), 78 2 (Troops)

32 -
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7HeE)E Zhenh 1 ¥R =g 1384 S HUkskal, v Condition2Ho]
HuE F3eh & e 48 Yttt =2 1322l LogicalExpression
Zejsi AND, OR, NOT, 12l% w1 BEe] 49 Fe~en, 84S
Hobete= &4, xAA S Arst ste o, 13278 Hlasts s A

9lskt}. FuzzyAndExpression, FuzzyOrExpression, FuzzyNotExpression,
FuzzyFact Expression 2 2E =8 X3 o2 AMES = = HA HE

o} =g dAkx}el AND, OR, NOTS A 93t ZF#xo|t},

A4 e B@A Zehae] £4 % ool 4L obd [E 3-5]9)
ke
[3 3-5] #AA =2 2384 2d= 43 ool
Ex BN &4 T ovolA vy
_M: String SR
A4, THEAIRE AR B 71

_ETTT: LogicalExpression

Condition | SetMission(mission:String) dFE AAHsE T
setETTT (ettt:LogicalExpression) ETTT +=2] 23S AAHsh= g4
evaluate(): double 20Es Wrlske g
compare(c:Condition):double A7 valskes s
evaluate(): double = A4S Hrlshe 3
Logical normalize ToODNF():LogicalExpression | DNF2 A+f3} 3l 3=

Expression | compare(le:LogicalExpression):double | +=2] Z&27F vlwsh= 3k
A

minimize():LogicalExpression =] BdAS FHA4slehs
_Opl: LogicalExpression AND dAxkzpe] =gt
_Op2: LogicalExpression AND 2kzte] -t
Fuzzy And evaluate(): double AND Z32S H7bshe &4
Expression AND R4S DNF= Ao o
normalize ToDNF ():LogicalExpression e
=N

compare(le:LogicalExpression):double | =2 F&2]7F H|udh= 3k
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_Opl: LogicalExpression OR dAAkzte] &)

_Op2: LogicalExpression OR A2kxte] -3
evaluate(): double OR TS Hrlehe &
FuzzyOr
. OR ¥3A1S DNFZ A+t3} 3=
Expression normalize ToDNF ():LogicalExpression e h
=B
compare(le:LogicalExpression):double | =2 F&2]7F H|udh= 3k
minimize():LogicalExpression OR X3S Hasleh= g
_Opl: LogicalExpression NOT <A4kxfe] ot
evaluate(): double NOT %34S H7bshe &4
FuzzyNot
. ‘ ~ [ NOT ZAAE DNF= Aitst ol
Expression | normalize ToDNF() :LogicalExpression o
=

compare(le:LogicalExpression):double | =2 F&2]7F H|udh= 3k

_FuzzyFact: FuzzyFact A HE
_MembershipFunction: int HA S
evaluate(): double x| HE FHAS Hriste g5
FuzzyFact ' . | HA HE 3d4S DNFE Aats)
) normalize ToODNF():LogicalExpression | N
Expression sk sk
compare (le:LogicalExpression):double | =2 F&2]7F H|udh= 3k
getFuzzyFact(): FuzzyFact HA HEE el g
getMembershipFunction(): int WA ks 2YEle o

o3t ol, AFH A9 TxE AR st 2F NAS ALg ol
lstol i, 7 A9 WA =g wA

o Holg Adt 2 N TR 2AL ST The oA ol d 3
9 TxE AHgetel A9 AN A A 9 el i 7] =aA.
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A3 A P AY

olr
e
X

S AollA Argstsiiel, BE Adet= A2 T F4a @A) A
skl 9o &AE AAste Aola, AF 7He 7Hed Al Fs aF
Mo grasls] 9l /|We et STRIPS 7] A8 7|8e Folzl A
o FHE WIAA HREE ot FHE vtes (o] o] Hies oHy

o] (operator) Q] A2 rolE L A 2= £4 2 Ho|t}, B =Hoj
A AABHE 39 AE w2 STRIPS 78F A8 71H S AHS-3te] 9]¢
M E Fotll= WHE AN Y. 53], A AEdATE 33 AR A
olal7] flgt Q3 Ps5& Jo2 FH= Hx A P9 A (Goal
Oriented Action Planning, GOAP) W& At&slo] 531 AHE @4357]

JE A P9T A,
obe) <a¥ 3-8>& ASNE Aats] 9@ AAE vhehdl aeltt

a4
FTRETH EES
@ & AEfolA
Zhsdel g4 #el A7 Ty
/ e
@ 7ts o=
Serel gelitx| *
g71 SHO| EFAH
- BEBHEE N Amzazm
ERTRETS
oI 29 ® #|xo| o
+8 B9l def
STRIPS 7|t} #|2| (GOAP) HTN 7|4t Z|2]

<y 3-8> 9] A A
SAF 7RA7} Alvbe] Lol e 39 3 5, 9 Fo] LSt f o]
B FHol Brbed A, @A S Tt ZHAA A

= 3 3
BAo] ATy B9 AL The g AAw APAr) Udﬂ, o @
A dejel A ZA 53 Abs ) 5]
5 A 2R Fud A9NA A4 B2

E}
“
Ao P9 E sy A & <GS



Zol AT Ao m BaE A4 P95 F 1% AT A4 Y92
AxAow Augrh Aud A4 A9t @ Aol A A Ags Aol
g},

1. 718 39 A4

B9 Ags skl 7 WA EoF & o A
AE AA= otk S, AAZE 78 7tss BE d9E FolA A =
AL sk A5 AHse A S AT A =
Z #dslr] YeiA] HA =g T 82S HrlsoF o)
9 HolA Awet AT, HA =g xd2AS AND, OR, NOT#} #&
=g Aol WA AES ALEEt] RAF ] witol, 7 =g dabxie} o
Z

LIS 1
2 HEZS Hrlshe WHS ol [% 3-6]7 2

=2 ¥4 AakAt F71 W (54) A
WA HE SRS g3 gk
5] WE fuzzify(MF, value) "
(MF : A #E <= value : H°o|H)
. 0o B 5 Hak
AND Xk} A N B = Min(A, B) .
(A, B: =g 584)
N9 "o 5 AUk
OR I2kx} A U B = Max(A, B) .
(A, B: =g 184)
Lol H7lgrs gt
NOT <2k} A=1-A
(A : =g ¥84)
o] oA Al Ay ol Hx HE= 4H gk 3k H{x Wel4] st
= 7
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28 FAZ" h(x)= "7 S £t o]
31) http://ko.wikipedia.org/wiki/A*
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A2 WS PAGE bl o] 2B Al ES A7) 9ate] wE e
B2, A% W e B9lo A4xa e @ge] Erzde] waghe

A o}
o) Wlagte] FH O hin)e WA A A2 24 BE A F
A

bl 19 o)},
B
7he e
AE A | EE
l 4| 28 |zz
SE L FIF H2|G
— | 2o
)
— BA
22D Y AR e
c
= l
g | fe
H2lE M EXE AL

f(n) : g(n) + h(n)
g(n) = g(n) + next.PostCondition.compare(current.PreCondition)
h(n) = goal.PostCondition.compare(current.PreCondition)
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wx|E A

HA|HE A

(@) Y HX|HEZHH W (b). CHE THA[HEZE H 0

<Y 3-10> ¥ WA #EZ 0w AW Y

olt] 2 (a)v Y HAA HEZFY vl #2415 e, 2] (b)+= o
£ 9A HEZY] vlal 2418 yEpdTh 7] A (A’ ‘B'e HA (e
o] & EAA7A] A S)E oudd, ‘4, ‘b'E HA HNE T4 (o F
o}, ¥}, ", 5)E YERdTE 183 ‘A—a'e A HE(: Hof U ©
thHE ofu| gt

ol =X 1 A
(@). (4—a)compare (A—p) = 2S5 B2

be A
B A A 1A

(b). (A—a)compare (B—b) =

ad

O

9 4 (b)o} o] M= ThE wx AEZ vlaghe, A% S| WA
E(Bb)7h #ol B FE(p(B-b) T BAGH, o 440w mAa
. o] BE 44¢ ofdle] AND ¥ OR HAAT}e) wlaL 5404 A&

.

f
¥ g

o=
T

)
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(else)
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)

Elcompare (A—a)(if Elhas A)
{EQ com
p(A—a

((F1N E2)compare E3)+ ((E1N E2 )compare E4)

((E1N E2)compare E3) X ((E1 N E2)compare E4 )

(a). (E1 N E2)compare (E3 N E4) =
(b). (E1 N E2)compare (E3 U F4) =

(¢). (E1 N E2)compare (A—a)
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(E1U E2 )compare E3

_I_

)
)

p, (E1)
p, (E1) + p, (E2)

((Elcompare E3)*

p, (E2)
p,(E1) + p,(E2)

((E2compare E3)*

(B9 9 AxkA})

olw, p, (E)

ZHA e ¥l

(2}) NOT

T
-

371 SaA

E

o)

o

ofef =21 ¢] (a)s} o], vl

=)
o

e
‘_‘lv_.

o] 97

s

=, &

(a) =E1compare E2

-(A—a)compare (A—b) =

o]

(b) =FE1compare ~E2 = 1— (~E1compare E2)
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Al 4 WL As AE VY R AE

o] ol M= kol A AR SAF /fAle] &9l Abs AE 7o 4A A<
Al

2 L aAE FAs] fete] A9l XY H o] s AAsih 2
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ABSTRACT

A Study of Automated Behavior Planning Technique for

Semi Automated Forces

Cho, Junho

Major in National Defense Modeling & Simulation
Dept. of National Defense Modeling & Simulation
Graduate School of National Defense Science

Hansung University

Military simulations have been widely applied to various military areas
for a long time. While those areas include analysis, training, and
acquisition, the recent trend is incorporating areas of modeling and
simulation for test & evaluation and combat effectiveness analysis.
Moreover, the technique of Computer Generated Forces (CGFs) attracts
more attention, in which an autonomous virtual entity reflects the
behaviors of a real—world human and the collective logics of a military
unit. CGFs can be categorized as SAF (Semi Automated Forces) or FAF
(Fully Automated Forces) according to whether any trainee (human
participant) is involved in simulation or not, and according to the level
of autonomous intelligence of an entity.

Most commercial games or simulation models of existing war—games
generally adopt finite state machine or rule—based system. Those

techniques are advantageous in establishing knowledge of military experts,
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but they have disadvantage in such a way of specifying exhaustively all
the rules to counteract every possible situations at modeling phase.

To overcome such disadvantage this work adopts Al planning in which
an entity plans in realtime to achieve a goal given to it. The Al
planning technique is a process to select a behavior which is more proper
to reach the goal. By adopting Al planning technique, we can model in
higher abstract level, and since Al planning composes behaviors
dynamically it provides more flexible way of planning than the existing
ways that plan directly on source code or script.

This work suggests a technique of automated behavior planning that
can actively counteract a certain situation by planning automatically to
achieve the SAF entity’s goal.

To hierarchically construct a behavior that a SAF entity performs, this
work uses the structure of task of HTN-—based planning. Thus a
behavior has hierarchical structure, and it defines two type of conditions
in fuzzy logic expression : the start—condition (pre—condition) to initiate
the behavior and termination condition (post—condition) to end it.

To automatically generate the sequence of behaviors required to achieve
the entity’s final goal, it uses the method of behavior plan generation
using STRIPS—based technique. In behavior planning (in retrieving
candidate behaviors), to minimize the search scope, this work suggests a
technique of automated behavior planning, Goal Oriented Action Planning
(GOAP), which is a way of automated planning techniques. It uses back
propagation from the goal state to the current state.

This work has been verified and shown the effectiveness and design of
SAF entity’s automated behavior planning technique through behavior
modeling and simulation experiments, and suggests the actual usage of

the technique.
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[Key Words] Computer Generated Forces (CGF), Semi—automated
Forces (SAF), Artificial Intelligence, Automated Planning, Goal Oriented
Action Planning (GOAP), Fuzzy, Modeling & Simulation
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