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ABSTRACT

Network-Centric Warfare is a forthcoming military revolution paradigm for maximizing combat effectiveness in
terms of information superiority. However, quantitative assessment of information effect is a challenging issue.
Among the many approaches, war-game is a well known method to evaluate combat effectiveness. However,
previous researches and current models have a limited function or logic to simulate information process, which is
core concept of NCW. So this research suggests a concept of simulation modeling method to describe the
information process as defining of combat information process based on probability decision model. In addition, we
suggest a simple scenario to represent proposed concept modelling method. This results can be used in designing
war-game analysis model for enhanced information effectiveness.
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Fig. 1. NCW basic 3 elements system

nrpe
sieka

W Qe
27 ¢ Agsitn deAd Qs
daiA Asnaz gk A e
sk Q%) AEeld
oz B8] s
Q5] 918 el A 7t

AAAe] A eass BY

& o
A
.

)

i

I
it

z o o

¢
Lo

rlo

Job g O Y

O o & gt fo I o o
ol

ol
T s og Lo o &

N,

Hr
M
o fm wd i

X rlo
ot

2
Z
a
=

Hj FE

ot
1% o

ol

R

k]
2 o>

¢

N
==

ok

rl

e

el

St tatabaly) 483 A A9 Aes (2016 12€) /731



fr
ot
e

lzq o

=

2. T nE

2.1 YA 7|8 MEs0 24

AALY GAl= g2 ALY AN @A
AANe] e HAFE L] Aot & &t Uk &
3], 19809t W] =ol A SIMNETS 7Ha-slHA e &
o A 7 FHE AYAY E= tAEE JEHE
Ak 90 FEE HFEH Ve, o

N
~

i
E?
k

of [ [

o

¢

[e]
RS

X

I~

=

o A7) Ads A=

M

[e]
A

i ofo

2

o}
e
£

o
S,
i)

o
o o
_& 0

.
)

o o
=

2L
U o

ol
o
N

fo
|
1

O 40 49 9 oX %

oy
=2 oo op

A

>
v
o M

s

jalSs
s
ofy
o
S
1%

r

L
s
“2
s

y, M o

o 2
Iy
ofo

o
R |
22>

o) 7
ofo
td
i)
o,

|

“e o d
P
3

ol

lo,

Table 13}

o] 4] &

o
e
\_1‘_‘1
To -
g

ol jo it
o
ko
=

M lo
1>

o
1o op
4 M
H o
)

1z g
4y o flr
X

ol
X =
4
>
-

200 o my
N
e

Ay A2
AR

o
o
30,
iu)
M or
>~
>

:%
i)
2
lo
oy
jinss

2

o

2
o

ooy MRz
o 2 gl

o of\
Q‘Lt
rir

]

e o]:o 1
ol
ol

O
)
2
>

B
oo
o
)

o

U
g
o )
ofl Mo
X, of

N
)
S R

fin}

O

_| {

i 3o, -
ka
ey
1o
oo
k
fr

i
i
it
o
e
©
O

M
2

)
20 oo
ol
ol
N

=
o,
b
—n
~N

A
HAgmdl

%A
2 o

Ja
12

ol
i)

st

o,
rio

o ]l

4
o,

Ao} A B

Z | fo
o | B>

t
Lo

Aol el

)5 g7k e)
REESER

Auel anz
NA &= oe]HE
dl,

2

AENAT} G A7
AEANAE) F
AEANA] Ao
T = Oz A
o) Zizu)so] BI7} Aol

Ny
[o
fru
o™
}i
d

ok
2L,
X
o
ol
~N
A

22 M2 53}
NCW 7Id
J-2 CCRPY, &3 =}
FE3tal UTh CCRPOIA
& NCW 71dS ogle]
A9, =999, A9

[}
pos

1) CCRP : Command and Control Research Program
2) DSTO : Defense Science and Technology Organization



NCW 7lgs 738k Hw A5l s5asrt
B Aoz ZIdth o= HAFINAE kel A
HEAR Qlsto] Faite] AR 3 FIAS &
F& 5 M Ha FssEe A7) wel

A AENA 2227 AF Yo dlss nE
$E QAR HE FEE] E718h0] He} Fol
A AFEE g gy oz g gl

Quality of
Information

Robustly .
Information
Networked .
Sharing
Force

N

Effectiveness

New Mission
\froes )

\ Process
shared }( Self-
Situation a0

Synchronization
Awareness

Collaboration

N

Information Cognitive and Physical
Domain Social Domain Domain

Fig. 2. NCW value chain!®

NCWSE @ Amol ol AFEse] SEiE
RS sl Fig 29) AR go] Anel
A=}
N

Aol we} JRE %%3}{— s2o] W3y
RoJE ¢ 9lofof &fal |
MAL] 312 FHol f%?*&ﬂﬂdﬂ 7E A=At
r/Lg]_z]_o_ Ug]%l— 2= o]o]o]: 6]—1:]_
9o] BIAMPIAE NCW Ade] 78 AEE A4
S S B3 Adwelal glvh of#f Fig 33 2ol
gl s A3EAAA G BAS FaA
NCW 7@ AEE odAelA B 484 7
th 19l AEIE SEE S ShelA] dEA
A FSA Aol & 4 9o, 49l = NCW7F &
ARAA L AAZo R BE
FEi2 wstshH, o] wf, 2|3F
5713t FE R Witk Aol
REs 7|FoR v B o AA 23T
AAE AT 1A= AdE SAEA,
20l AN A5, 39l AlgkE oy B
7+ dlolg Ealo@ 7MAE 4 ok
8 7] A itH% MR c4l AAE Bt
A(TICN) Abie] d¥stE Shrar

2,

ol
—LI

r_g_:

) O‘r’
4

AN

o
o
_>|:

e ARE Ty B e 20N s
Az Wl FA4o] okl Alag. E NCW A
v REe ARAY Al Fo] NCW FES AF

AT Aol Aol Jras) &

& 918 ARAY Y wa

g w 2gd
o MAE= AEE HAE

of factors) 2.

Command and Control

Self-
Collaboration  Synchronization

Shared 3 / 4

Awareness /

Developing
Situation Information 1 2
Awareness Sharing /

Organic '
Sources 0

Traditional

Fig. 3. NCW maturity model®®”

+ oFelel Fig 4= ASIEAL] 47HH =l ¢
A FGAZNTAL, T4A3 2 T A 8
FxA A EA B, BakskE AS A WA
oFal vk ¢ HauxlelM Axsh= e NCW
Mol Taud, A3TA T dEkd $ ol
Zoleh. AFANA ko] o} 33 AR
FrEa fEel 7 FJEP?%_ TAAITA
Hrhs #bshE A3 A o
th= Aol

weba], AAE TgE A EATE e R
Al qF ST FHE &
A8 9 NCW <

4
e JIFORE H8Y 5 A Aotk

N

]

Centralized ]
Command / Decentralized C2

Fully ized Collaborati (SE”:.
Centralized Execution Q Synchroniztion)

MAL A M| AAMAAA

. Commander Direct Command & Control
O Intermediate Commanders

[ ——— Loose Coupling
A Units

Fig. 4. Spectrums of C2 structure®”’

AL al7 )48k E] A 41199 A6z (20161 12Y) /733



=Y - 0]g S - ole)]

NCW 7oA 83 84 & & o2 syt 7 T AZe= vF B 24 AYAE A 2FEA
FaHe AR zelth AMBeA AFE uket ol AEAANS AASFe] HZE ISSAC RS /3 o]
A2 NCW, EBO 7I'd o= sttt By -84 o B o qlvh 1 o] ol AAl A 2 dAes
o= Fggelel AE, AEEToR e S45] T#@staAt &35 o] EINSTein R@o|t), o]} 1
o= AAX ¥t ‘5%-8— Aol A NCwell Aghel th &3t} &5 =4 CROCODILE X2, WISDOM X
3t AR EE AABEL =T, ofg Table 2+ A o] FdE A},

A4 52000)" 4 AA g MOM(Measure Of Merlts) Tl A= 9] AdTFES AFAHE uiger A
7129 A zolth o] AFeAME AR, A A oA et ZE A=A YHE s do|HEE
W oolugt 2o 'Wlx AlE 99 ?i*é, & Zﬂ?} S A FHS Ttk 433 520092 2
o &4 54 & ARkt vk A 520100P oMY 29 THES] A
=4 715 2 P9E moon, ugFE 52014
Table 2. NCW performance index® AL AT Fdele] P92 s A
= /\
Sensor c2 Shooter TE A
ATES 54E ooldE SN RuYS B A
W gos | guAel A A s gel AA Sl ARA AL B 5 dEs B
s e A el 41 SJstgrhs Hom ¥ ATE oldd AFEel A%
Y ax ik
wop | TEIIESE | RS- A el ki @ & ek
R E R O
AMEN S | AR
AeEr/ge Table 3. Relevant prior research
ARgE 5 | N2Y 5Y R A T e s
-EAEA) | -00DA £7) - Eo AGF B | A, A% 4 T
MOE | AP 8% | -A3AN Y | e
SEARR ABT E4A HEAIA 5(2010)) N, wd 5
A= (2 2 BEY) R AY AE 5000 | s, wA £E
AL 71 | AEEE 7948 | A A 2% WISDOM(2005)"** A, Ae a5 7
- A 8&n - ApAkak - Mol E 0261 _
= s QAN A AL ==
VOFE | 317 2 By CROCODILE(2002) 144, Ae 3 74
=) Al -Eaed oy ISSAC(1997)" A, w3 T4E
AFA2E

71E0] AERIS] FHL 42X 7Nk AgE A 3. 53 2M nEZ Jiy Aot
& Fol F AAIE, NCW i stellA= A
ARG el wEE AAL AA, i, &8 3.1 ME53 BN pnEE o4
A e 8A4Ee] A o] x3E Fojt) ¢4 2 Fode ARads B3] 93 mdy g
9] RdoME o]#d 2AES A JlEslEE A A5 AEAHE 55 oA E &&ete] 7=t}
A= Aol Basirta Algdr) gt} g E sRoldt B Ul JRE T3 dFaE

HE WA= Ay Ao ZH, AATE FEE

2.3 T2 FAIAT Tt A4S FEl AFA E Fafud JRE

NCW 7S Wkdst At #st A= oo Asfeld, AFadsE d537] 3 ARE 24, &
Table 37} Zo] godd] SHHEE Fujejoa] s &3k BHES 2@} AFAHE 55 oA
AP ok Holdk He @2 AFEe] do|HE Fig. 59} 7o] C4ISR o}71€lX2]  OV-2(operational
7R 2Eg) WS g8egittE dolth oleigh o node), OV-5(activity model)E 7|5 0.2 2}A 331 th3,
734/ S5-I 71488 A Al199 AleF (2016 12Y)



E o = B o o]l= -
AT AlEdoldold AR as B45 93 ArAe /g 2dy
1. Sensor Node
I ST
. | 1.2. IMINT |[ High o T
l General Targes
‘ 1.3. SIGINT | [FM/AM)
| High Value Targets
‘ 1.4. TECHINT (Dt Links)
| 2.C2 Node
High Value Targets 2.1. INT Cell
BDA Rﬁu [I:s [Drata Links)
[P anty Collect }-»{ Production }-»{ Operation J«{ Evaluation )
[—situation Awan A
2.2 Operationgell._, [ Situstion Awareness

BD# Results

(FM/am)

4. External Node

(FM/Data Links)

Targets List

2.3. Fire Support Cell

High Wslue Targers

((internal Fire Control

External Fire Control )

(FM/D=ta Links)

3. Shaatér Node

Y

TargetsList

(FM/Data Links) ‘

4.1. External INT

‘ 3.2. Fire Support

‘ 3.1. Combat Unit

TargetsList
(FM/Dats Links)

4. External Node

- >| 4.2. External Fire Support |

Fig. 5. Combat information flow architecture

oPIEIA =AM =5), AFEACH =5, 17
B =EQH mE)E Ao glon, ddgne] 5
FAAER, Ag, 24, Z8yll sl Ak
e Adehis g5 283 5 gk

A WA, AR 3, Ed 84E 19 kX
e AAERIZE 9, AE, VIEE dideR §
AQ, 71 5 FEH axd B 7e, ¥5 B
T T AEH 24s udder gtk md e
AR 359 7hiE AAsta, 4 8 3 dEl
utet S5E grrh debs 2ol 5 glojof It
T3 ARG PSR A0EE AHE Zojstefof
gt} ol destate] 7Ed woems Al w
2 94 e A&l Ju 859 shiE dist
== shs moA(mnd2r 2EP pNs mEli)o)
slew, wrp Jugk dHons HEY 5(2013)%0]
4 % dstesw HE Y ghs dol YA B
=gE Fi #5 vhT-E TEE ARITE Ak

T oA, AR A = ol]EHY W =t

= AlMsl 23] AREA, 3 =29 rE(3.2)%)

oy 1o %o
off r
r

ko

XX

S} $3a47t meis o]

AL ety AR s vy R g

o shzdl, An. 57

[29,30]

o2 He BAAAe TEHS

= FHoltk. FM/AM/Link 31| ¥©2 E2
olE S WhdsloF FAIH e AsH 3
of weba FdE AR HdE
. o7EE 2dy eAhE
w2 guo A Alzke] Zolt)
7 BAAA SRl wEt aAE

Aele MAste] welahs HADNS 2ol
m, woh Aug wozE AFd 5(2013)%0]

87 g ol weh gule] Abgsta
5]

1

fol, Euule A5 e

FasA wgslok

[AR=N
A

At

A oAl 29

AFEA == Auwl), Ao HEH

L

L

L

A ERE Fh8 oY T/

Aok, ol% TG
7 2 Bea,
o A4F 98AAs A

Ao g HoFheE WHoR:=

ey

Aug $ASE golth, A way

S FAla ey 483 A A9 A6z (20161 12¥) /735



e

o

I

4y 2
™ 2
1

J

i
ot r-\‘i

X

£

A

ox, M
2 oox, fo

f

i

o
hins)
1o,
o
2
iy
o
il

DG
[
N
)
ol

s
i
i
oo

L

K o
=El

4
)
PN
4 =

=)
o

tr
Iy
1o,
i)
N,
rio
il
~
o)
fetl

]
ofo
(o0
ol
rir

A
ol

2
o
(RO
T g 7
- Lo

W
23

s

JE Y
i HO ol
(2 oo g [

g

ol
ol
py
Lo |o

e
o

ol
o

o
B
o
il
Ho
r_g_“
{1
2
_—?gs
2

s

o fo
Ly
1o
-z

N
&
i
ﬂ-]lO m_tu:

-

_O'L

rlr

Lo

>

i)
ox o 1N
TS

i)

2L
rir
ML

e L > O |
2ol o {0
Y

2o
I8 e

el

A1

3
)
>

1S

% =

o
g

0
fl

3.2 uM I Mz HHo ogh &
A e Agelre] Fre F
AR F H(intelligence)E oJw|gtc) Hu
ot} LA Fel AHRE g Qe =
CHEL el A A ojate vhel Eo] A
Q
[¢)

=1
or—

2~

o
o
=

2,
o
tlo
iz
rlr
N
fo
1o,

~
>
iy,
o2l

(o}

ol
o

Table 4. Engagement/tactical information

o|o| s

)

2) 8 ]

ke

o] T8E (), L7HA(v), LRHe)

=
nn

o)

~

[ |

o
Y
2

A1), FHm), LEH)

736 / Sr=raAt e ek X)) Al19d A6E (2016 129)

WA ARE AN vlE &5 JEEA T
A ARESEAL e HEHEI o wEl AFIAC
AZAZY, 94, FH, 771, 2, dsEe] 2dh
A= HxE, Ful= 2R3 L |
Ho, F71= 3719 TR
ZlgEn &2 o]/ T3
th olgA 3
AEsHAl Hed, 14
Table 49} #o] =22

L

R

=

&

ok

rlr
b ot
=
ojr

N
o{ﬂmé
ofN W fo N

1o, do of\

5]

jur)

e

oft

o

[y
i g 10
LT

v
o
o okt oy |o

N ?N

H

2
PSS o

]
o

4% Ane

A% A PR, 53

o el ge A=l 3

gt e A
o

gom AYel owg

(¢}

o) =
A

—

4
i
2L
X
)

ZHA Jok AlEe] 9
oA ARl A 9
dEesrw FgEch

Table 5+ 9JolA
5 e $HeE A

1=}
T’———QJ

84 el )
A Ao g

woll, +Askd
&3 AFS W7 ok

3.3 MEan
E gelME

o,

B
o

Fo e
golgt 4

o

>~ o
el
N o=



drRA A

i

kel
pad

Algdol oA FRET} £4E 9

=
T

Table 5. Modeling requirements for each phase of

TR

N

i
=K

e

information flow

=
T

DRE

LR

A

rorct.
oIt} BH, olA1 A

71435
3

=

=

74
AR 5

it

Z} diQtel ut

L

pi

AAgA

o elxia

1

o

]_

[e]
R84

o

el

TP(True Positive)<]

o

=

W=
ERRCI

M

o

2E1

el

L

PR
o)

=
= A

3

a]-=60mrn,81 mm, 155 mm :
D B2 #hellA a;

a,(E)

4
of

0

il

%0
s

=

T

Ny

Of7[E X

(1.1, 1.2, 1.3,

o >
w5

= e
4

R
W A
oA
o8 N

1.4)

O O

" X
T A
H %
T
T Wiy

g
A

=

2.1, 2.2)

A

(2.3, 3.1, 32)

™ X

" I

Q.

xgy_
= O

3}

)

¥A4E g & wi=1,2,..,

HAl "t o]

S

=

Ao At

i

pud

"
23]
o)

veel

X
i+

EEE R
1549 o2

=

}

o
pd

pi
L

2

o i

}_
[e)

e
il

oh
2 o5}

)
Z}

=

Z
=

o}

s

s8] 2] 197 A6z 2016\ 12€) /737

17 R 2

gl
2~

HA =of, 71
s

A}

)

}

©
pid

A ek, =1, m,r)o] A&,

A 5z v

3}

o A o

pal

o

%

=

=

Aele] A el
9

L
L

RN

o
=

d

Thee el A



TNTX®HA g op ® W Mo o T
Gz Yaywam e i
. . W ET S o3 o R
—R—=K e Rt ~ W
2 o SRR i T e ST
= ul® “® o - = RO I = ®o o] - N eI
B = of HE N~ 1FJ|,D| Sy R D
= Q1 g BE L TP R Ry o =Ky
>-Q S & TR RS oY Rl ow TN
an W= 3 ﬂ%?@éﬁpmzmmﬂ SN = T Moy
= & ) o E RS gy T = op I oy N =
- N oy I e (&Y = °
S T P g - ° TooEE 2 g8z
l® < o) K W ogn o= K s Q, _ :
g —)=— S %mﬂ@mﬁdgm wﬁﬁ oﬁ b s R gy O
] < N o o T e oW o Sy S oo o)
o} — X X J W
o ol 4 ~ W MM = w m Nlo = ﬂ\ Ek, _w;rc o T
5 W —F o N o oo I %y W
© O aoﬂ iolo ,Moﬁ N @ %W. M_. I <7
. —_— - fi , XX —~ = — T @
& g Mo MeEw WSy & eoEE
< : ROR oo My T W = I % AR
= ¥ P Re g el o E ok
- R g o Ray 55" = T LT
RN < e B Il ,_uww‘_JZl Il T ]1__/|o
Yo Etax Py g & & ~ ‘g
< X NoB N — N . S
op B B R W NOR W ok X TOT A3
o = ﬂﬁﬁﬂmw_mw«%é%%%im ﬁ@w@
oiﬂgﬂmE B X IBT ™ cqgd T EEE wE N
2 o TmT 20 e gl T F S | <k o o "R
) ) ~ — ha]
‘.X_._llvo,l :i Jlﬂﬂ ‘mﬂX_A Eﬂo.» OL m @m ~,
roE ~ My B o o) T = = Mo o
— L7 —~ - Ay K
Nl O I S| | o ol & =
o) N A X EB G B ol o Bl o |z | | = < =
] JI OL v ‘Ul a8 .HL o E#E - HL - > I il ° EO ° Of T B
T — < ool v Ml plo = | Eo N NS T 2
o ajo o= R B T T o)) %o S| <2 o S| e Edﬂx
& T ) o e dﬁ%A]F . ]%T b S| || o < | S iolo _
70 T i T Toar g e B TR S|E R D] =M
wE LR aMesw° AW LT TEE SR(® = = ST
Ty T R I I I o 1 5 3 B
~ 141_.0 BN MR T =N 5 A <) o o R “ N N o
T o S W xNF e T nE 5| |9 < |2 - T o
e pe~Eow R REsAmy E|RIMITIF) T g
i e — o Gy s = v Rl K
e g AFTEET R _oBuwe® g\ B BIZIE| ST
=2 2 = = = T 2 d <) H;.LE fo D |2 5 Lt‘lﬂﬂ
YRS T ST g_ZStmatPw . TN E £
T = of @R EPES T My O R
TEL LT 0B dggs. B8 wToTawn 3 23| x| wE
xOmﬂmmWaL ] AﬂoﬂuuudLn_xu:umqﬁﬂmuTn%% = [ EB2 MCM i
! = — T ! T 2 2
W PR T taN T e Eg i g W | Peq|Fey| ey T
O S < NEBRECTRTTONT A o

L

L

3

I

3 60 mmQ! - 2, 81 mm<]

5

2 (el <]

L

% 22, 155 mm®! 7-$- 85%, 155 mm= E}F

7 At

L

o

]_

[¢)
3 129)

A8

af

Joll el A

=

|

R

}%
[e]
5(2016

]
pul

-

1 A6

=
il

Folo} oz

+(CBn, FBn)2]
2

Sr3)#] A9

al
I~
=

8

A7 9
3]

13

=

p—.

b Al )

i

ks)

o ot
A E o] Aol &
738/

o~z
T



<A FBno] %74 &

« FBn®] 4% . TP = 90 %, TN = 10 %
P(E=plE =p) =09,
P(E=vlE =p) = 005,
P(E=glE =p) = 0.05
* FBn9| ¥4 io gt AA| FHZA}
- 0.9%0.2
PUE =plE=p) = 5 054005 % 02005 <06
- 0.05% 0.2
P(E =v|E=p) =
(B =olE=P) = 05 097005027005 %08
- 0.05% 0.6
PE =glE=p) =
(B =9lE=P) = {5 027005027005 X0
* FBn®] 34 o ot <x 144 Ay}

EU(60) =0.81*%1+0.05%2+0.14*8 = 2.0
EU(81) =0.81%2+0.05%9+0.14%1 = 2.2
EU(155) =0.81*10+0.05%3 +0.14*2 =8.5
Aggk ik 155 mm

Table 7. Engagement level aj(Ei)

& o]
ses()| DI gk
Ci ok(j) #X(p) EH(v) #x(g)
60 mm 1 2 8
81 mm 2 9 1
155 mm 10 2
olg|gt oxbAA =l wel Z} A digk 7))
w37t AAE™, & AlvE] 24 CBn¥ FBnol 8%
Ao el 27 AEAE ANE 5 Ak AT
CBn/FBn®] A A® x| 2 oapAAo] #3k Ay
o e g

< GAEIl oY, =5 Aol @xAE 7t Fro} Table
8@t #ol F 13719 B4 F s/le] TAYE F§5
stk 1 3709 EAH(RT, RS, R3S AA/a714]
XAJAE EFetal A4S Vo R ARE AE)
o By 91X At Fa, FAxde SHE 9138
aketo]l S1x|Etc; By Fal EAE Qste] 53 7
A ARE 208 At AF stk wHd ARE

r
it
>
i
=
o
.
2
2
ol
fz
ol
i

A% AR A 2Rl

we el A Rl ool AE)E
u7h AQFYI, 94 AT & A, e
ELEIREY

AE 60 mmE E}AF
. HhH FBn9]

ALF(E o] HE)=Z
gsa e As 1079
81 mm, 155 mm)= z}zyol #4
Fowd A5k g Bk
99 Akl o8 ol
AAe o st FHS
53k, G459 A Qu FoME A LAk
2 Qlste] 539 oAHEA T 139

ot

]

o
o,
D)
re |
ol
(o

)
i

~
>,
(b
ol
g é{
>

J&‘l_&mJln%éﬁoﬁmrlo
o A
ﬁi
of
W
o0
-

sia | WM mes | (5 TEED ) we | T
R7 | AEH(p) (gegijggg) 155 mm | 10
R2 | YW A (g) (0%;%%?0(%)5) 60 mm | 8
R6 | LHEA(g) (ﬁ:{ﬁfé“?j) 60 mm | 8
RS | A HEH(p) (g%gi%% 155 mm | 10
R3 | 7 A (v) (;E]Ei?g% 60 mm | 2
=% | 38

(a)

Ak el 7|4 8kE] A 4198 A6z (20161 12Y) /739



43 M= ME 3 oA Ay 29|
_‘r_,u__&'I Al K i;g{?:l—l ME »' j
i I S I e =TTV i go AeAn +Ee] ARED %S T Table
HS ERE (b, v, g BE) a1t ¢ .
99} #o] 7hgeitt He AR FEE wid HRA
RI | 2uhEA () AR | | B ¥4E 5euA vz FAshs Zo] ozl o
=2 AL
(0.02,0.02,0.96) g #4450 FREEE FAo AA)E FHee F
B oA 29 5 ek 4 wAd] B 22 Wl V=
R6 o]y ;L?H() =i 60 mm Q ~
= 0.02,0.02,0.96) DEE R ﬂt‘d, ﬂrﬂOﬂ MES SRl
= X = Fi 7 T+ EFEol = [34]
B M) =, 2 ﬁ?%ﬂ*i JJr ol =dd o(201:‘3)
RO | MEAE@ | (020020096 | 0 | 8 ol AGkE A Y B FE WEAE A8
— G 2 WEAE S8 w248l 9
RS | ANEAE | CEEAO) sl w4 el A% s FEY 5 s oE
(0.82,0.05,0.14) Aol BAQ AT whE =AY AR LAY
s . o ARHHC2 do]FHE)E X &HA]
R4 | ARHEH(g) L@ 60 mm | 8 o Chn o Flzn“] . (© I =) ]°Zﬁ
(0.02,0.02,0.96) AZAEENES B84 F 3709 FHAEF, T,
pov— 2EES ARSY, FE F AYR2E B4
1=} Li_x _ - -
RIT | A | oo ] 60 mn | of B4 HHe| AL A% FH 05, FF FA
: o 02, 8% FA 0302 AHsr)
oln E?@( )
R2 | QuEA | T 60 mm |8
(0.02,0.02,0.96) Table 9. Tactical level a.(7)
3 A 37 A o \ =
RS | @amAp) | OEAO sl M) | 25 | 3y [ e==
(0520050149 i 24() 240 | SHM | SHR)
_ . 3] T A Q)2 Z B
(0200501 Fgsd e | 30 | 9 | 30
L "77};‘<]EXJ(V) _
T EA ()| ! L8% £ oy 10 30 100
R3 | 7HAEA) 0.05082,0.14) | 1 mm |9 R
EXa
S CBnel BN 2 A2 ololAE)e A PRA
(b) Azel & 57 B4S B3l Fig 89 Tol d% =

Obsenvation Post

Support Vehicle

Threat's real state

Resene Force Recomnaissance

Commumca mn

Fire Support Force 3 { Ammor Vehicle

Fig. 7. Tactical inference structure!®¥

740 / = AbEl7) 4 8k8] 2] Al19E A6E (201613 12€)



2l

T oAlEI AN FRES E48 A% JRA Y 2

K TS B % T FHAE 15 %, 2

= 37 % FE33Ath W, FBn®] RN Bl

(C2 dlolHE)E AFEA Aol F 10719

Z3) Fig. 8()% 2ol AF FHE& 14 %, 5% 9

13 %, Q8% H4& 73 %= F=23h T ASS BYlTh AR Al S A= C4ISR
A

oL
to o (= rx

e by oy B

TN KOO Aadus myd AR RS B4e mudon
N " B> Ak ke Mushe oA AgE Ba) AFaz
2 b AEEE, A% AN FEME AgEst B 2
% WE wAshe ok dushs dAEge B A
fia o 73 % T 2t ded 7 d5s Bt
| $ B oelpe And olg drans £ 99
/! i doldEZL WA ARRRE A& JRE AL 5
%ﬂ’@ | ' sl Bgel i@ o) e Agdrkes HelA e
5 5 9% HE & Yok FF ATE AGH AdS Ed
2 A AAY REs ABdtel 2% Yuazd] B
3 ARARS s waske Aot
(a) CBn (b) FBn M Au, o] Fashl AAHWA C4ISR
Fig. 8. Tactical level results AA B ey} BAEa 9l o]9} whuk3=o]
C4ISR A7AIel a3ts A5 5 U= Aol A
Table 102} o] CBnel HHWHC2 clold=)= 2 R EF 27 Fol gk et B sl 2ol o]
tietel we 7 2 VdasE 2te Uetew 9% HNEZ}L Q79 Yldsls A% AEdo|Me s
Satel eluldi(re] elo] =) mixehs dicke A oA GES FHaHel WHES A= Ao W
Bk eMEAS FAstalod, e Ee A AAol Aot} Wk B AT} o]z ATsh )
A A5 Rl elEldit SHATAN 2 AT w Aol 2z 5 9v)E Alge,
= FYA HEete] 100]Ths AFaIAE A HU
th. FBng] 2ZHdKC2 dlo]dE)E 7F diotd] w2 7}
g RS e PoR QEE ZHd o) = 7]
s viAsks ks AEss oAbEdS Faskal
i, F eANEE Qs oSkl oultiel 3] B oA oAl A EurEsta Ao x| dow
Al FAS AAT F A Ho, 10002 AFET} 28] 91 %51 CHUD140022PD).
& A HAH
Table 10. Tactical combat effectiveness results References
Al CBn =&Z 1t oot HE
s (L, M, R &&§) = 21 [1] Clausewitz, “Vom Kriege,” 1832.
_?_ a2z 9% ZAL) BES 0 [2] Albert, et. al., “Network Centric Warfare,” CCRP,
Z4(R) (048, 0.15, 037) | HHA|(L) pp. 88-103, 1999.
A Con sz oy [3] K. Cebrowski and John J. Garstka, “Network-Centric
= n =8&4 T . .. 5 .
=3 o (L. M. R &5) CH ok a2 Warfare. : Its Origin and Future,” Naval Institute
- Proceedings, 1998.
%v?‘é? LEE FAR®) LEH 100 [4] http:/news.chosun.comysite/data/html_dir/2011/03/29/201
=S -
FAR) | (014,013, 073) | HAR) 1032900068 htm

S Abal7 )4 8kE] A 4198 A6z (20161 129) / 741



[S] Office of Force Transformation, “The Implementation
of Network-Centric Warfare,” p. 19, 2005.

[6] Daniel Gonzales et al., “Network-Centric Operations
Case Study,” RAND, 2005.

[71 Y. Kwac, “How Much of C4I System Military
Combat Index?,” Journal of Korea Military World,
pp. 48-54, 2006.

[8] Y. Kim et al,, “A Study on Combat Effect of the
Network Centric Weapon System,” Korea Institute
for Defense Analyses Research Paper 00-1529,
2000.

[91 O. Kwan and Y. Cho, “The
Assessment of the Army Combat Effectiveness,”
The Quarterly Journal of Defense Policy Studies,
Vol. 31, 2015.

Direction of the

[10] Connolly, B., “Information Mechanics,” Ellis
Horwood, Chichester, UK, 1988.

[11] Strukel, S.,  “Quantifying the Value of
Reconnaissance,”  Operations  Research ~ Center

Technical Report FY93/93-7, U.S. Military Academy,

West Point, New York, 1993.

Swarm, P. G. M., “The Functional Form of Network

Effects,” Information Economics and Policy, Vol. 4,

No. 3, pp. 417-429, 2002.

Dekker, A. H., “Applying Social Network Analysis

Concepts to Military CA4ISR Architectures,” The

Official Journal of the International Network for

Social Network Analysis, 2002.

Robinson S., “Conceptual Modeling for Simulation

Part 1 : Definition and Requirements,” Journal of

Operation Research Society, Vol. 59, pp. 278-290,

2008.

[15] Andreas Tolk et al., “Engineering Principles of
Combat Modeling and Distributed Simulation,” Wiley,
2012.

[13]

[14]

[16] Korea Combined Forces Simulation Instruction,
2014.

[17] Aparna Malhotra, “Agent-Based Modeling in
Defence,” DRDO Science Spectrum, pp. 60-65,
20009.

[18] Henrik Friman, Gary E. Horne, “Using Agent
Models and Data Farming to Explore Network

Centric Operations,” Proceedings of the 2005 Winter

742 | S A 87|88 A] Al19E A6 (20161 129)

Simulation Conference, 2005.
[19] David S. Alberts and Richard E. Hayes, “Power to
the Edge,” CCRP, p. 109, 2003.
[20] David S. Alberts et al., “Understanding Information
Age Warfare,” CCRP, p. 183, 2001.
[21] D. Lee and Y. Hong, “Agent Based Modeling &
Simulation for Command and Control,” The Journal
of the Korea Society for Simulation, Vol. 16, 2007.
Y. Ko et al, “M&S Case Study for Information
Sharing Enabled Combat Entities,” KIMST, Vol. 17,
No. 4, pp. 395-403, 2014.
S. Park et al., “Design of the Agent-based Network
-Centric Warfare Modeling System,” The Journal of
the Korea Society for Simulation, Vol. 19, No. 4,
pp. 271-280, 2010.
C. Jeong et al, “Multi-Platform Warship M&S
System Using the Hierarchical Multi-Agent System,”

[22]

[23]

[24]

The Journal of the Korea Society for Simulation,

Vol. 18, No. 4, pp 117-125, 2009.

A. Yang, H.A. Abbass, and R. Sarker, “WISOM-II

; A Network Centric Model for Warfare,” LNAI,

3683, 2005.

Michael B., Adam Easton, “CROCODILE-An Open

Extensible ~ Agent-Based  Distillation

Information and Security, Vol. 8, No. 1, 2002.

Andrew Ilachinski, “Irreducible Semi-Autonomous

Adaptive Combat : An Artificial Life Approach to

Land Warfare,” Center for Naval Analyses Research

Memorandum CRM, 1997.

[28] Alexander H. Levis, Lee W., “C4ISR Architectures
: 1. Developing a Process for C4ISR Architecture
Design,” System Engineering 3.4(2000) : 225-247.

[29] Noh H. and Lee T., “M&S for NCW Analysis
based on Combat

[25]

Engine,”

Information Process,” Korea
Industrial Engineering Conference, May, 2014.

[30] Noh H. T., “Imperfect
Generating for NCW analysis M&S,” Korea Army
M&S Conference, November, 2014.

[31] ROK army, “Vision 21 Model : Operational Guide,”
F.M. 8-7-3, 2007.

[32] Shin K., Nam H., Lee T., “Communication Modeling
for a Combat Simulation in a Network Centric

Proceeding of the 2013

and Lee Information

Warfare Environment,”



2l

T oAlEI AN FRES E48 A% JRA Y 2

[=4

Winter Simulation Conference. Framework in Agent Based Simulation,” Proceeding
[33] ROK Army Field Manual, “Information Acquisition”. of the 2015 Asia simulation Conference, November,
[34] Noh H. and Lee T., “Ground Threat Assessment 2015.

AL al7 )48k E] A A1199 A6 (20161 12Y) / 743



