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The Study on CGF Behavior Modeling Methodologies for Defense M&S:
Focusing on Survey and Future Direction

Namsuk Cho - Hoseok Moon - Jai Jeong PyunT

Immediate and serious attention on CGF(computer generated forces) behavior modeling for defense M&S
(modeling & simulation) is required in response to the reduction in the number of troops and development of
4™ industrial technologies. It is crucial for both military person and engineer to understand such technologies.
The research aims to provide guidelines for establishment of research direction on CGF behavior modeling. We
investigate traditional and/or novel methodologies such as rule-based, agent-based, and learning-based method.
Discussions on future direction of applicable area and strategies are followed. We expect that the research plays
a key role for understanding CGF behavior modeling.
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1, /\-]% Alto] HEX]F]E e D(battle command training program,
BCTP)2 98l Ax212d-S 7)es} 3 th(Kim, 1998;
99 7o B4 et 2 G BEE 4 G UURE Moon, 2018). HE21mE A FHE FREL TRt

=1} M&S(modeling & simulation)& 2HAA]A i) A wdl S =EQItHMND, 2016). o=
1990l o uji- o 2 X E] CBS(corps battle simulation, Live(4)), Virtual(7}4}), Construtive(7-43)2] thokslt A
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. (TE]HE 2019060AAC2-00) - _ == =
Received: 29 March 2020, Revised: 26 April 2020, %6] Lve Q’@@%—E—%ﬂ]ﬂ] 1 OH/]E} EH/E)]—E(OZI

Accepted: 4 May 2020 7AE RS AR HAF 27 2 AS BYjE E
¥ Cormresponding Author: Jai Jeong Pyun
E-mail: deepkeeper@add.re.kr 1) AR L 2ese] HA) Zagels Bash AT AEAe A4
Agency For Defense Development 5 &9A7)7] 98 AAEE 9

H29H M5 20201 6¥



£ R Bk 452 iRt A% the ud
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o] ThRal glth(Moon and Kim, 2018). o]& ¢1ojA]
ZFQ3MA ZAzEe FE Fo] MRM(multi-resolution

modeling, T3 E A=)} CGF(computer generated
forces, 7Hh)7F Qlek = 7MES A= duEof Qe
g, MRM2 3=t o mdso] AAE e
(disaggregated-level) 0 & = %Ok =Z(aggregated-level)
o= FEste] AT AAE M7 I AHES A
A A71e 7140l wpEEoltt. o)A AlszoR 2
Aes FsHH EHE YAIY mdollx= JAlskd A
5ol AHgARel ofRt WS slEthe W E T Al
SHEl A 7E A% A=l 5| AkeA] o2 wsto] AE
o7 WOy 5 Qe & Ass 25 & 4 Sl CGF
7} Basie). o714 AEst mogt Algdold 2l &
7N A(entity) S0 AREAFS] 22t glo] Ei= F4x3H] 22t
= &9l AeAoR PEshe AS ouieith

g3l 19 7|zl Mslele St AR oA F
a8 EE ol et Eh A, AEel =
AlEdlol A e ohefet S8 YA mdso] iy
of z2tslof &t 7HAIEol HASHA Stk VAIA
T steleke AR}, S$7RkeT), AE7] 59 AlEdelH
0] 7dEo] AuaelE MRS THAIZIAL Sl

A
FAsH e, o R 92 HAEE Aot =
Zsp7oll= WEgollA] Adet FaoR A3t &
o] A= AEst 1Y Tleo] AAs] atHch
=AY, 421 AFAET Alte] T3 71 SollA =
M&Se} ke W2 7leso] sk et Hoatst
& Fehs 7o dAolA Axlsel FAAA =
M&S7|&s ehie Fart glon, AEst 19| 7]ed
FErollAls 7Ieds Tt W2 Hofs 7letdo] &
Tl 2ofolr}. AR, CGFe A53t Ho)7]e2 H
o Fofsl= HEYS THANE MAsk=t FH4R
FFE A = ok Gzl HES vhEske 9
QapANl W2 vgstE £ A foi7t =
(immersion)& FIAIA & 4= 17| WlEo|t}h vlA|
, Yun ez al.(2016)0] oA |43 upet o],
o] 748l FEo wheh o ERe) Jujrt 2=
A, AlolH7t Alg# oS FHlsh= Bk 2] o5
SHA] Johs wAl GAl Aest o] F717F E 4= Qlck
olg)gt FoAo|w Esla ko] 2 M&S A
F5} 19| 7| &3t Holrk @A o] 7idsie] B
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ED st=A2 01855 =2

T Ee 248 1Y 5 Ass 2O Ve
glom, 2 a9l syrle A7F
O} 7RAEQL ARk olFo] WA= EFTHDTaQ, 2019).
2 A7e S M&S W B-g-Fojof sk CGFo 2}
59 29 7]&9] o e s, ] AR
WA 71 4= Q= AES} O 7] A8 ekt of
£ 2AsH| I3t ARl kel thel =23t} CGF
O] 253t K| 7] gt S e] 7]E H5-E(Han et
al., 2011; Han, 2016; Lee ef al., 2012; Jung, 2013)1}
w2 Ao ApEAE o5 Aok AA, 2 Alld=
CGF] #Fg3} molE I3t =-Uj9] 24le] WEs &
Netet 7lofs & Atalo] 2ARRE HeuiollAl ol
A g A = EA] ok STk mAleld 7]
Y gl B, 71E A7Ee] B4 wEe] 0%
3 54 Ao stk £ I CGF A58} 1
7140) A AR 23 A Asof 5t
T} mEo WA g2 B Qi o] =
= &3 CGF AFs3t 129 71&0] & 355 ujofd
QUES 37 SIFolc. Ao, B Al W
Argshet 2XA Fal I WSS oA 28

A=Al gt AAA A At
ol& flol & At that o] o] Qlrk ¥
A, 278 M= HAY & AAS] Asst ZOE ot
o

A e 4> & i 1o

2] thsh Aatet. 3l B2l ok ol
upoz 92 2o M&S Al o] 7148 He51] ¢
aF ot ohef =ofgiek. upuro R, 4ol G7E
20F1T AFAT WS AN

2. CGF A-53} 2o YHE

& Aolde =% M&SQ AAF E= AT
A} KOS et W] el Atk Rt 1
O WRE 724 CGF A3} 9] fiifoletar & 4
= IR Al Tz oA AANE Ffi(mimic)’
T e YHEe ArRT AAEE e IA
Fdhe Ftol 29 Atolof wret ) 2717k
E @ ofoJdE-7IE RE @ k579 HHE Al 7t
Aofet. of Al #57= AUsHA Aoulerd o] 4] GFAIRE,
CGF 75 19| 7|ad ¥ad 719 Be AF UHES
E23e 4= 3ol fr-83ik

2.1 FE-7|8h upmE
T RS Ao Belgt A rule)ol] weh



2 MBSS JAT 9 DU WHE o7 TNt OEEE SN0

7WA9] B Fofshs WiHolth AR, T4 =9
o ofo]HE Z)uk Bb, ShE7IRE W A] A7)
WHE VY B Hattem Z4F 2E oHg]
= 57| wizof| o5 GA| FF2lefl 7I8E jithal & 4~
Atk sHAIRE 2 HoflA] Ardshe 2719 RS i)
o] B P5S AestA Aosfort stk Aozt Q)
ot +3-7]5E ol o] Bl 7P Fad 42
2] 12(doctrine)o|t}. o] wjEo| W dFA}Eo] o]
-8 w8]-7]8Kdoctrine-driven) Ho|gtale 211
oItk Teng er al., 2013). FF2-7]dbo|| WE 2155} mo]
WS A7) $l9) 0 dlE AR,

Fig. 1. Case Example : Blue(Bl) maneuvers to
Objective “1” where two Reds(R1,R2) defend.

(3h) )02 7130k 5, ofu) o} Wolsh T
(RLR)E A5 Bolertan 4gatet. oful, FaolA 7
A1 : 4somy) HLSHe Az WAL ke 14
2 Rogieh. mHl o4 FE H70] 450m thef 914
SHe A2 A4H 02 Slsha 2o] wow WAk,
olo} o] 714 7kt FRGIAE B 741 BAEe] U
ERdtt WA, BT AR F2Y WS AR 9
3 elsok he THY %7t ASHOR Frkatk
Aolek. oE Sol, 72 : FALE 04 Fio] H7
A8 S uhu WERCE 7 SRS o) A A
of W W9l F 71 B ofluigol B, 272 Bk
B A BARE FA) L Senumeration) F
o) BE A4S AT 5 Girhe Holch JuproRy,

S(V EFHLATFH2A e A THER)) of BgEhs, 1

23l H5pE PR ELSE of sigshs 3ol
oA &2 4 qlrke Holtt dlE o, 21
22 Tad} Aol 450mufol] l=rel ko] At
= AsllETE = 7HA] A 2lef w4749 dEo] o
Efb=d], AAlRe Aol 500m He] HolA Qe A
FolA oA AHE & = e Aolth o] Be=
Al AofEl 2200 osf #2] 10] WEsHA] AL, Abs
o} moJul= S ot S FskA] Al Hrk o
= HIE@AZ ol Al WA, 52]-7]HE Wo] FE4 oz
(stochastic) ZFE5}A] okow T gy} Z4g 4= ok
A5 S50, THAFH7L A& A H8f o= Al
ofof] HEsto] 2E3t AA7E 2 AlRtsk, i Al
& Ao oR ofg B O30 w YRS A&She
0]717] 93t sEl Rk WHESE 4= Qlrk Aot o]
ot SAIES siEsk] sl A7 WRolA Wl
EAES BYsl] At Ate AEHoRE QT
Han(2016)-2 FSM(Finite State Machine) 7]%¢f 7|55}
o] 2H&A)%E CGF e ARkt olE 50, &
o] ‘g olek= AR Holshr] flsiAE e 24
S JE(ES0m W BA), & ERHSE aesfiof sh=
o o Holitale FEAor Foshe ¢ LA
AEE Fold 4= A He Aol Lee er al(2012)
S HEIIL Z2AIAR 2R &3S md™st
of ZEAQ JAEAS HARIGI. e, A
7I9E R o] A4 A Al (high-order) & R.25}
+ o] AlFHELh dIE 50, T AglHe] A7 7
wels] Slal eERoz AARolre] wHS Hat
3 4= Qlehe Zlolth. o)XY A|3he] A3l i
oAl FHgu 5L 72 FkoR Hofshe Aol
M AL ORI, ol T8 A mHle] St
TyHoR 48 4 olu BT AT Anat 2L
YA 942 FHo8 FHH AT 4 Uo] ohitt
Jung(2013) B EeH= AH9] 2L 5] yrAl7]7]
Sfol B WAL Ak} o) ML Hio]
utet ofe] AHe] si9] TIE WSl W ¥ 1 % b =
o) Bgel 519] TAE Wolhs WAloleh. djE &
o}, Figure 18] Fito] ‘34 H2spehs BES 4w
ikl 519) TeI) A E vlmAe] AlsjolN B
o 23 v RS vaHS @ 4 odrie Aoltk

AF7H] 71eE W A= &6l F2-7]
WS, P2l & AH Itk 7HY Stell, o]
Aol 1 gvhs e 7ML Sk E3 AT B
o] weE 7Y A AR 4= Stk A ERE
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a1, 1o w2 W7k AR
o+ &4 5"3% S ] 48]
= EOJ—} =B EEMI ot
ol s 5 old

o] FEA AR = A HS ¥ 4= §irk= ol X}gﬁ’r
= A9 W7HE 7t sheA gA Fasg Aol
Z-714ko] o8l §-2oli= CGF7F SRR dAollA =t
Aoz FAlcyelal b2 4= 9lal o2 <ls) H
AT = ok A2 AFHQl Aest mejEar
Atk B2, FeHAe] WA= CGFe| ol of|
A 7o) A=A o7] Wil o1& AHs
3} wolgkal ¥g 4 ghg Zlolok

o°1‘
[‘-LI

—1> ruhj m{o _l>i

2.2 OO|ME-7|dt HHH=

ofo]HE 7]k W ES B QrofjA AofH ofo]HE
(agent)7} A4l l A Fofgl 2] whet B thE oflo]
ERLS] FH ks Sl 352 Fohs ol ofe]
AE 7]9k ‘ﬂ“ﬂ o EH27)(complex system)Z ©]3}5}7]
St Ee R e E]E7|E sk, ofoldEAA
2|agte] g2l Fojsta 159 AP o] wet
=S A WEste] BAY] WS AYstast
SHH(Wilensky, 2017). CGF2] 253} 105 9J3t ofjo]
AE W20 A9 fI8l thAl Figure 19] A5 3=

3} 7N E TS AER O] CGF, H7-g TR
7h 228k AR 7RI ofoldE 7Rk HHE o

A q2e] Aok Bastck spA, 271 et
2o RE o ozt AR 74 ol Wa gick
SIAIE Sfa] QiAo Rofgt F2E Figure 29} 2ol
golRitt. ool E 7|4 WA= et 2
RARK: & T2 79l R3S 271k

Rule1 : If R1 or R2 detect enemy

<=  R3 (or, obtain info from outside agent)
- Rule1-1 : Engage if < 450m

- - Rule1-2 : Engage if > 450m
Rule 2 : ==
Report fOrder \

Rule1 : Report if detect enemy
Rule2 : Engage if receive order

Fig. 2. Example of rule definition for three CGFs in
agent-based modeling
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F22] A9 RI E R 218 B4 4]
RSE EXH1E St} 18] R37F wA
42 itk T2 T A RIS
111 9l T3 o] sk Flolk, Rk 0|52
sfo] ehe elok shA vhd B, W 2L
BEORTEL A FT B R3S AFFH:
oIESo] 518 4 7| ol R1sk 23 Aol 418
= o] 7RsalAck o g, ool HE
%&% ojsti Aazte] AR We 52
£ W5 ARSH= Alo] oo HE 7uk wle] w4
e ofoldee] 123} e Helsi 15
o] 253k 4] Fol et ofe] 74 o e,
Sin e al.(2017)2 A}, 2=k, 2t} 22 /A ==
2o ©9]0] 4l ool E(unit agent) S WA Aol5ta
S oflolHEY] 7150f sk K45 AH ool
E(sub agen) 2 FA3l0] T olo]HE /e s}
. o Sol, A A A, A A9ias
31 cloliset AFT ® ozt BX), 71%, A
A3 22 7158 BARRE AR ojojdEshe 4
Kim et al. (018 $] S170]4] 42 ool =
5= &7(Environment) ©]|0|
45—}04 Al/\]7]_o§ H3l= AR AFSRS 01 A3}
So| BFS 4T 4 YR ek Sin er
al. (2013)2 M&S =g 9=Ql DEVS(Discrete Event
System Specification) Z70j|A] ofo|HE 7]8t md=S
TR 4 Q= olrlE Al dig) ATsTh 1A
iAol Wag 22 e BAS] IF ek
A= o] Fo|F{th. Lee and Hong(2007)2 s+ Alth
of A51EA Aol 2HEstke FEHEE U oodE
o s sk o A gl Furt ashs o
AR 7k @45 7| do|HER FEsHHA F
Alofl F-efe] 21$144d(Chain of command)of w2} 4]
F= 319 ofo]AEE A5t Yun et al(2015)2
ool dE 7|k o R By ST =ik 34 7 A9V
SAIC2) A9E TSI AolAl, 2 ofeldEE
g% (Order)¥} Eil(Report) S HHEsIH ARk 4|8t
I APl ek oz Aol ?P'“Oﬂ e} A
etk o] At See C2715= F-AsIHAIT, 4
9] Aol A e} 2+ A 7S EoAFlT
AT 7 aape] GArEA S ffsl ool dE Zk v
He As4er H*Z“l?h = 352 NATOO|t}.
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CGFE Al 4 9l AFAE A5 2ofsie o Qo
CxBR(Context-Based Reasoning) 2 E2]= of|o]HE 7]
v HPH2S k23519t Lovlid ef al., 2013). CxBRS
u]ste] Central Florida thstoll 4 7jkslo] ofe] Hoko
A T ofolHE B8 TRE 98] AMET ol W
Zo|ti(Stensrud et al., 2004). CxBR&] 7|2 9] ofo]t]
o] Algto] FE(reasoning) 3 wj Fi|o] x4 mE
2 AMgsis o] ohet Aauke Al ol
Apgro] A A1S 7B AE (context)2tal SHFH, HE Qo)
CGFE Al o} el Ame] gk Hapes)s
A710| g0l 52 A7stA E Aolth AR A4
o] ] otojA ABAER HF o] &|7] uFof HElX
E5 Hofsi Zlo] o] wize] 3ol Fick. olF Sol
Figure 29] AFlolA A1 R3ZH A2l 3
A3 £TFAe WA F Y] ANAES A3 o)
ok 7bge Ak R37E 42 Ael Al HEaES 9
4] | R1oA| aLdo]2t
AUAES Seln oS WA AR Hek
[e]

B, R37F £349) A AeAEe] glgicke R19) 4
€}
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of weh Q&A@ Wafg % 9lrk. FFI gt 2018
d CxBRE Abs Rojuf= tirfo] 75 4

%o, CGF| AR olE 9fgh i E2 =2 CxBRS 4
& BFHA)7]aL Qlei(Lovlid et al., 2018).

A7) 22 WS HARE] f8f AMEE ' e
ofo]HE 7|4t HhHZ 2 BDI(Belief-Desire-Intention)©|cth
BDI°|lA B(Belief)+= oflo] 1 E2] ALt 2o dheth 4
HE YeRaL, D(Desire)= ool ES] 57| E= B4
stalz} she 2FdEE Weldth I(Intention)= oflo]d
E7} @A skl Qs Al AlEE YeRHTH Georgeff
et al., 1998). BDIOJA] of|o]ZFEx= o] A 7}x] 424
=°l 23ff Aile AWee AdEich A2 $13) Figure
19] o2 Az 2 dMobe 29l Bl A
wejsi Ao@ Apgait

HA] B19] Belief7} Aol A &g 324
ShAI7kel Hhoursh @4A17ke] Afolgtel o, 1)
o HE WABEAS Y oW y2 74
i 7P4sitt B19] Desire= S3XEF Ei= 4 34
Intention2 7%, tf7], = wAHo2 FAECH B
Intention 5 714 Belief®} Desireo| £38H= & &
Fi}. Bl ool dEE 27} Z5(AI7bo] Bol Wk y7}
0Q1(2& TAsHA] ok el A A Desireql &3t

12

kd
i
O Z

o

o &

=

Reasoning of B2

Belief |« | Desire |« | Intention

Reasoning of B1 $

Belief |« | Desire |- - |Intention
x : H.hour — time now 1) Seize Obj. 1) Manuever
y © If detect enemy (0/1) 2) Attack 2) Wait

3) Engage

Fig. 3. Example of BDI Reasoning with two agents

3o 7H} Fgel= Intention?] 7|55 AERith o]
Al, 27} 3 F Beliefol] ¥217F A y7} 10] =
Aom AR FERE et 7P HAE Bl oA
3] SA%97) =8 Desire§l ZHEFHE 93] 7|52 3t
o}, sl AT, Tk ARHATIS BASE B2 oo =7 4
A19] Intention®] & AHE 2HA3517] 8l B19] Desire
0 H01E A FAOR WAL FEAL Bl o]
Al Beliefoll &= F3tstH, 22 Desireol] 7P Ly
Intention?] WAL Aeistc) vbH, B27} B19] DesireS
% g0z et Sehe, vt agto] b 2He
A1) Azo] Fuhol BILS: AHAle] Desire
£ A SRR HAsHL 7]5o|2k= IntentionS 4l
gt = = SlE Aoltt dAIE Fof et mdS o
o7l ek 4 4 Itk 014, BDIE 7t ool
Eo] 22 4AE AWAOR RARE 4 9lom, ool
& 719] SpAto]h etk /R o] Mol Kt
Holgls 7o) QY AAS RASR=E Al

Lovlid et al.(2013)& A& A|Ed o] oA AE3} &
O}= 9l BDINFRT} F A W3t CxBRYH o] AREE|
& o Atel o] thal Argstla, Heinze et al.(1998)
< 3 ARV FE5AE 9% CGFol A-g3) 1o
£ §I8ll BDI 7|j& 28313l on, 7|a4 o me AAI
(Australian Artificial Intelligence Institute)o] 4] BDI -
A Pl et AMARS 2= E3HES ARESHIT
25tAb, NATOE $4Ho2 3t A5 7HA|19] =
EnolZ2 95lo] BDI®} CxBRE T 07 3H= ofo|A
70k S X408 ATk Itk BDI: of
0] 2 Xl oo HE mdg sfrhelolel Hssithe
Ao] 9lT, CxBRE THAlo] $olgt 25 T2 7}
S

& dojlds A Asst moE A7t gt 7k gt
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ol ool E Z]9k W Zo] thsl] =ofsteick el
A2 ot 2k A, ofo]dE Bl ool HE
7b QF 8 Ee TE oo HES] HHuERS F
AP A oJEkA] o BEo] WEE 4= Stk AHollA
e 35S dAsH gsliof sk TF2-71HE Bl
vl gofsfop o 29 47 EolE 4= QU B,
T7N% oo]HE mdlE] E(NetLogo, dAMARS, AnyLogic
5ol FHsto] o] &8 4= Utk Aol Qlrk o]
© 2z 29| vk # o} el 4, tH7)
SAE FFE vA= F8T a0ty =4, ZH9
TEol| Ao Fofsto] wrel 2|Ag Alwsfok 5t
= 2879 A 7HE ol e HRelth &,
293} AL e a4t T 4 Sle ol
o = Qlok A, NATOO] AtAR|olA & &= Ql=ol,
A9l oabAA T} e IR FES BAR &
U= 7HE ARt W 2otk

HHH oo]HE 7|u W EL ohgat 22 AldE
JPAIL Qe WA, ohe] ofoliE B e g
of i 527k o] ulSe Aol o), 17
A% Auele 24 aTsick CBRe) 49 AelA
E glofeli H2k WERG BAEE Ao Aol
5}, BDI ©}4] 7}7)%)(Base Plan) & AFo] 4fsfok
gtk o] IgoflA] o) TrQl A A|4o] A2 Mg
] o mulo] 22 apy A A=E T 4 A
ok olggt AfE tEe] oo]HE Zuk HES
AUZFE QIR s 2 FHSEA| Hetrh(lack of cognitive
credibility)= H]¥ol| A A-5A] Zateh o]= <lsf, <l
] As& 7 & 28T 5 Qe S5-I ES

o] CGFe] AFsst BolS 9fet dijte 2 He 2 ok

2.3 Si-7Iut Wi

2 Aol ok ShE-7INE HRES dRkA
EAEL AFAS 71 Bl nAgY 740 Ukl
| = 8k5(Supervised Learning), H]X|E=8}5(Unsupervised
Learning), 12|11 733}8H5(Reinforcement Learning)-S
Bt 7149 Bage %] G o Figue
1] 45& 2t 7|4, ExA|q o= 7]F3|oF 5t
= 8w BlZ AFsRo] jhrtal 7HgRith oF dojlA A
ek A7 B = oflo] A E 7R WS F6l Bl
o] 8 oaEAel A, wH, 71 5 dHske=
FEHS BARRE = Qllck shARE & R B Bl
O] Az ARgAR] o3l AR d=le] Eof Ql
= AE 7L Slnk B, Y] T HEE ARES

ol

t=AIZ20188tE| ==X

r

of, th&oll ot 2 o5 AMAE As 2T = QL
A4E o] A2 -9~ vja-EAo|t) A5 Fol, ofo]HE 7|
$191 BDIZ WA} A, Blo] o A7t 5,4, 5 3 ol
2 ZF AQIAE whs}ly] 98| Belief, Desire, Intention
= AASHL 91 oo EQF AHE Fardtolof Jith=
Aoltk. shA|, gh5-718E W E-S A-835F CGF= ©]4]
o ARt A2 Aol ARE wHAlRb 2 Sagt
NHERNMAE B AR o8 A% 4= qltk o]t
T2 S5-I e AR A EEE T

B EAT 5 Ut J1EE A gk

[¢]

i

Al 223k} (Lovlid ef al., 2017). SFA|RE, 2| w=aks
F= HIAEERES fagh B4 E 4= Qe Wigh |
ole] 57le] of2g el HEAe] 4 18 B
g5t7] olfrhe ARt ol Qlo} CGFo AF53} 19| 7]
=2 &857| oJHth= Fo] 20| Toubman et al.,
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Fig. 4. Grid Expression of Area of Operations for
Reinforcement Learning
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Table 1. Comparison on three methodologies (O : Strongly Suggested, [] : Modest, x :
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