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Abstract Simulation Based Acquisition(SBA) which pursues to use M&S in manner of integrated
collaboration is being applied in defense acquisition. To accomplish SBA efficiently, reusability,
reconfiguration and scalability of M&S components are important factors. To avoid constraints caused
by coupling of components, PBA is designed to add and configure components easily by enabling
independent interface and interaction among the components and provides common development
infrastructure also. And PBA framework is implemented to support the development of a simulator
which uses the PBA. It is expected that deployment of PBA framework as common development

infrastructure can raise efficiency of M&S works.

Key words :

modeling, simulation, architecture, reuse, component, framework, plugin, simulator,

discrete, event, middleware SBA, HLA, JMASS, RTI

1.ME2

ol BAA 2 ArAAE FH g2 AXn
EFEAD o g FRE SANA Alad HE
AA(SoS: System of Systems), T vel7tAs HEY
3 T AZHNCW: Network Centric Warfare) %

g d Snddrs d3d
wongyn@empal.com
o g A SdEn S A AR ue
sychol@kndu.ac.kr
RS 20088 99 59
ArrgkE  2008d 12€ 129

Copyright©2009 =7 K3}5rs] 1 719l Exoluy w& 2291 A4 o] Azt
9 AA EE Ay i BAR & XY AR Azt

of W, AHRE A FEo g AMed 4 glon A HolAof X Bre &4
S A Bk Ptk o) o] Bxo g Ba) WX, ¥ A4 5 B2E
FE ASRAE dhs Aol tisted = Ao 8718 Az v 8-S X B3k
Gk,

PRI EFA: A28 R o] E A6 A235(2009.4)

A8l7) 98le] EAAA 28, A, PRI}, F
ANAA «71ife cycle) AoA 2zt Ao of

T FE8 oz 2dd g AEHolHM&S)
< 2oz HE A 33 A9 AT A, A9E
Aoz AXAY|L A F4 2 EHEY s
Simulation Based Acquisition(SBA)[1]&

> ol
o
—d

LB
H
2
vl

5 ZzA2d o] §EE T M&SY 584 &
S YeflMe olE AHAE F e ¥ FEIINE
(enabler)d] T3] Hasich o|8g 7|¥EHAHLE M&S
AXAE (components) 2l AAREA (reusability) 2 A3

N oY oo



4 AEATGF = EA ALY 2 o2 A 3B A A 2 50094

-84 (interoperability) & ®A& 4 ¢lojop 3}
830 JdE AlEdolEzte] 4% £84L B
33171 93] vl=& High Level Architecture(HLA)[2]

A AEF oA oF|RIXE Adste) n 2 AlEH
ol BF2Z AFIALH 2000+ IEEE 1516 ¥
o2 ARFHAT. =3 vsEe) JMASS Joint Pro-
gram Officer(JPO)= 19983 JMASS[3] o}7|€lx] =
Ay MEe AFse A% AEAE @ He
< F33 Sith JMASSE AlgdolAd dA 3 By
A, Qe ol 3, AW =3 Foz FALN
49 24 AXIEQ Playerst ©)5 Playerd T4
< 53 PAXUEY AAHEE FEF op7E A o|t)

HLA= E4F 9% A&l L 3 F57I9 o)
HAE A3 B dd AgHolH A e o}7H)
g XA gkowy AEolA A Fo 7wk AH|
2F AFHA gech uFM AEHoH MfEREe
SRAA FRE ABHIHE F@sor sy o]y
THE ABHolH FAEL ARFog YAR A &
oA o}

JMASSE AlE#Hold A7 2 #d AMulx ey
ola T, AWMEF Toz AL wde FHI}=
H49 "AEXIEx Playerol® ©o|= Player:= Compo-
nentEE TAAC Player?tel E412 PortsE A3}
3 Ports 2t 71E%(coupling)S T8l o]Fo|Xr} 0|8
Al Player&e] 2#=¢] Teamo] FAHT Ao 715
g ®Eo] P4

JMASS= Alg#elH e RXIEC] g AHAr¢
A2 8R4 AFTsAT AL AR Playerss}
Playerszte] A5 n#g 913 Zzte] Portsst 71E3 9]
ARe HXIAEY EJAHE AN olg o]y
AEGL 2= HA A o|FolNEE A8 3t AEH o
A AL AL A, HAA, ATl Bt ©
g, Playerel 98l 54 /AAE s 4% A9 A
AT AA) gt thre] AABA(instance) S AR
T 8 728 /K1 Jdoi4l

IMASSs} o] AXWE 7H I%L H3 sl dwA
AER Porte} AEHE A= oFdAd g3t
L A2 B dgstAnt

B EEL o9 Zo| N1E M&S oFIEA7L zHe A
RAMEHS mEdle] AlEEolH HITUE ke AZY
(coupling)e] §l°] 4% @A QAEHolx 2 453
&0 NMegory ATUES} 44 FiEz =2H"
T 3om AueElee] we plug-and-play ez
Aol golsta Algdold A3 AdE FHE9]
B/ A (hot-swap)7t 7FsEE 19kd PBA[G]e] =
AG9 AL W8 ol HEE AEGold FA A

oN

Mz

g et

B =89 742 A2 PBAY 8 A W&
of sl dwsln A3ge PBA = YUY 7E Wi
olg B3 AEHIR FE AE 3 AT E
2¢ 2y

2. PBA

PBAE ¥ 13 Zo| Ad#e, 2AEd, 5738 5

I3 AlEH)A A AEHM S/WE T
e UYEE9 Pluglnl & o|FAAn S/W AXY
¢l °]E Plugln 8 AEH(coupling)g 435
22X A5 PSS B3 98 AlEded d2¢
B3 WAIx] @8-S 438} Independent Component
Architecture[6] £~E}YS zi=T}

O¥ 28 TAF 1Y 9% A% F A FeE
HALAE tHEe Jelidoh FAE e d4e
AU Aoz pAse A9 WAA B2 2 2
7158 B3 FAAE 5T Hd nE Foshe
X9 £71 EojdrE A88E dAFT) AR 2
b F4A8te wAAEE XE(ort)E AASL
°l& zte] AAL WAk she T FAFY 371 4t
A 5o FAEA o#E FRo|uh od uld, FA
28 B3 WAIA 2@ gl Fosle AXUESY

m ox o

ofy

Madel
Plugtn

Plugin

2% 1 PBA &

{id. source, dest}

Decoupiing
¥ 2 94 73 vu



M&S Plugln-Based Architecture Framework 71'& 55

Aot Pasta FrtH0 s AXUE 719 W
W FRE BTN 4 dAx @8 TE
Qo™ B AXAE] FT)/AHA/FA 0] LAst
FAAE o)t AL e tE AEXUES o
7}75]1_‘ FAE HAE ¥ 5 e 5AHL A
PBAT &2b9} 22 F2E 3o 24 Pluglno] 4%
EHAN BAS ARE Y ol QlE AA £He)
Golg Bt oz}t FF e FHO =2 plug-and-play
WA AlEHeld AT FHA Plugln T8¢} 715
Fo2H AAEEE Y & U= HET
2.1 Plugln
Plugin& AjEHlA 783 22, 7fAe] it TAF
T AlEH oA T4 84 Ui 2dg I 2
Y 3o] Yeld u#tol 2ol Pluglngd AlE#H oA =Y
o F&EHo AFE ¢ A=E TF 7N A A
AA AlEdeolR d@E AlFshe Plugln Adapters}
29 diidel] dlgd Zd(mode)FZE FAH ol$} o)
dE o) FHI} TF 7|EE MEIAE uEHOE AE
#eleet mde] Bod Tz AlEdHeH A 2y
glol =d sidgto g AlEFolM THo| 7ede =
HHCE 7] AdE Plughng AMEEAd we) 2d 3
AE(fidelity) FEI AR dEES 4, 2dgtow
A AAHES ol & 5 e

Plugin® EdRye girden 7490 vde
duty oz AZAQ Tz FEzdz FHIH w4
o] 78 ZHdMe vd AZe thince) Fgels
SRS o)S 7o ElmolAvto s ¥Eo] P
sk olgd dglwd 7he) QEFols 9 111 EE

o AEYE AHsId Ag dAgEe FE7F oid
Plugln Adapter®] White Pad(WP) AMB]AE 7glo =z
FrAl AAE T WAA AR FEEY e =
4 7t AFHol Highd FRoln ofgy Td s§al

Model

oA 2g

29 3 Plugln #+%&

13 4 Plugln Object Model

2 FA¢ wE FARF =¥8E Y F ok

2.2 Plugln Object Model(POM)

POME PBA FA&4 7ol nglEe EE dolH
229 a2 Aol PBA 7ALAE 7F AMA AP
olglgt A% wloje wd POMd me} o]Foizich
POME Plugln 7o) ARwWE 24 Inter-POMT
Plugln W& @¢2d 9 7484 7he] ARwg =29
¢l Intra-POM .2 FAET Intra-POM< Plugin W
B A% 95 2zt Pluglh vt ExFHoE 2 2d
ol Intra-POMY YX-E& € Plugln#}e] A% ¢
3 Z2EoZ AMEHE FEojY 1¥ 4+ Intra-POM
7} Inter-POM ] #AS Jehfich

2.3 Plugin g%

Plugln % Plugln W5 @9=d 719 ALA" 2
b2y Agde)d Azl9 Plugln Adapter® 3 °F
oAt AlE#H ol AW Plugln Adaptere 247}
Plugln 2 ©@92d ARE 53t FEFAstn o
E bl Fande Al BH9 S50 9 AT
store-and—forward W2 FAlEo] AAgd AL

o1& FAlske Plugint ‘q'%E@"ﬂ Edrd g2 o
g 5= Plugln"] *E“Qoi ANE 52 F4l A
A S P F B Plugln"%«] AAE AAE
ERy i) % Hole #38L Object9} MessageZ T+
EEt} Objecte AlE A 7AY £44RE X8t
W AR E2AE B¢ 58S Z2ET. Message
E AAARE ke

2.4 Plugin *ﬂl%%

PBAE sk olde] PluglnEol a%3te AlEgd ol
& Y5 7EoIM Plughh 94 @9xdEc] A%
st pEETh welA olE Plugln® @=L gt
AN 7] WA AEH A Al F7|8F o] FojAok
3l PBAY 2AEY ¥ Sr|de ARIY des
3 o]Fojdr). AlE#H ol A7 White Board(WB)
2 Plugln Adapter®] WP wixg A}zo] gle 44
HAje] AEH o)A AlZE Time StampE 3] FIFO
(First-In-First-Out) H408 3 olES i3k

to ot

ot © o



56 R A =R A2 L o) E A B A A 2 T

PluginS %,
Gbject, Message B5
4 B2 EPughn 4
2 E208

2. RegisterPlugin{) 4
PostObject(} BdAdapte
Poath

¥ ] i
Atten: ect()
GMessagel:

3 UpdateObject) |3
UpdaeMessaget) Ji

Plugin &2} %
Events routing

{InterPOM T8}
.

dlabil

4. ObjectUpd:
MessageUpdated(msg)

1Y 5 Plugln 9%

ZF Plgln 2 @9mdd] A%" AHES B
B a8 Ad(forward $eh AE 4418 Plugln
g ggmde Ao AgFeld AL AL
APAAE HNe ok WBe) BEE Al gle A%
Aol AALe 7 PluginS4] Expire Timer 3 #
2 A7HE ZHe Aztes AEdold AZhg wAA
% 39 Pluglnol 3] Expire °[HEE HEPL2H
Alggold Azt A 2 AR FAdc

2.5 HLA Plugin

PBAE TY k=0 9§ ©E3(stand alone) A&
olAuul ol HLAE B§ B A AEgol4ld
FLHE RS 2eth HLA B4 AlEgold 782
18 63 Zo] RTI 7}19& a3l Federate Object
Model(FOM)[71ell whe} Apael $<741 5 RTISH] <
Bloo] A8 TB9shE HLA Plugntte 4428 &
4 Federate2.BA] HLA/RTI WENAZN F48 § 9
ol gghr] EPez Aud AEolee 45EE
53] Algdols $RoMe A4S BY F UTh

Federate

HLARTiNetwark

Federate

a9 6 HLA 24 Algdeld 74

Federate Federate

3. PBA Framework 7§

PBAZ 4§ AEHEH AL &g 29 F U=
£ ppA <lEseolA #FHRF AEHelHd 47, Plgn
=& Ylframe) T2 M7 248 AEdHE Frame-
workS 3Rt B Framework® ZEFo=H A
walg shojE ABdolE Addl AT A FEE A
cskein 2d Adel F3E & Y= StHch

PBA Framework® F48iE AE#Hold 7,
Plugln, 95d°le{2d, HLAPlugln S22 o] F0]A]
W Class Library2 AFHES 7asict

3.1 Simulation Engine

NEgFeld A 44 2 AAPE Plugh BR%
ol Plugln9l olE $44 AEE White Board
(WB)E 53] 22)3tn Plugino] T o|IEE 4
Al WBo] AR . o]& 5418k Plugln&ol £413
oz Agsle 98g 493 oF T AgdlAd
dAe 7 Plugln 2re] A¥715S AF3H Plghs
2 39z 329 oWEYd TIHE time stampE2
A7t B35S s @7 obE AjduiAe] ofF
oA w& gtk WBel HIRE Az v A% AEd
o]d AAL WBel 4%% Pluglngl Expire Timer #t
2 A4 A7He 2= Plugnd o8 2Aduids AEd
o] APg BARCH 53], ANz AGzA sAME
Real Time Clock(RTC)S ulgto g AAZE AEd) o} 4
2AEHE ATt

A EH o4 e White BoardWBY= A= 7
2}A)5]% Plugin®] ##]E @28h Post/Attend ¥4
o 93] A<E Pugh# olE 9] A8 uf FEA
W X Aduzg SRgesd AEd
Plugin 9% #2g AFd WBE 28 79 vehd
wpol 2] Plugln Table, Event Map, Event Queue
zow FAF Plugln Table® Class Name, Plugln
Handle, Timer Expire Time 59 Plugln FEE &2
st} Event Mape 7t Pluglndl o8 Ax g #AA|
Fejo] oliE F HE P F4 HAAS HFes
7} ojfiEe] WX Plugln, 44 Pluglh ARE #F
o Event Queue= 7 Pluglno| 243 olMlEE A%
(store)® & o]F 415l PluginEol &£ uhe} A
D(forward)st7] $3F Aot

3.2 Plugin

Plugln® 718 74829 Plugln Adapterst Model
2 ojFojAn E4 Plugln AES A Base ClassZE
Aed 4 Y8 PP Plugln Adapter® 3
F249 White Paddl 528 $54 Ad EE5&
v o 2 Plugln WH ©giEdzke] oA dETE



M&S Plugln-Based Architecture Framework 71 57

Simulation Engine
Event Class D
White Board g Event Class Name
POM Table Event Type
Event Domain

|- Event ClassiD::
: ”~'EventCiéis~N‘
Event Type :‘

% 7 Simulation Engine 7%

F35 Plugln 7+¢) ABEwE Zdl Inter-POMS
vEo 2 A9 AlEdo)d 92 WBe| Plugln £%
o] Fal ARHE BEsa AEHeA F3 A
Plugln $J5-2k9] Abxd 447418 thag gy olgfst ul/9
AR A AHlae 87 AR £ e gYR
dof dja] 44 AMA9 time stamp2e] A7 AR
AdA 715S 3 Plugln W1¥ Al wizr) g
H Ay g ’\}75_3—} A A2l Timer ks AlE#

S Plugln 2Hel 3k A1 &9

>~

Model-& ‘?:"94 @4 ﬁi}oi o]
GEY Aug A3

Fozn o7 2z
EZM Abstract Class?] Ele-

Plugin PluginAdapter
1D FWhitePad WhitePad
Ci 1 1 FPiog pter() EventQueue
FPiuginAdapter ~PluginAdapter(} -EventMap
Model +ObjectUpdated(} -ElementMadelTable
FBluging) Spdated() i )
~Plugin() kPostObject() tePad(
{+Draw() F } 1 1 peRegisterElementModel()
H+AttendObject() UnregisterElementModel()
1 ) i+ ireTime(}

#+UpdateObjectl) r+QueryMinExpire TimeElementModel(}
at

;
1 BUpdateTimer() l+GetNextExternalEvent()

/

)

Model

Modal{) ElementModet
~Model() o
1 FStateSet
-TimerExpireTime
“\ElementModel)
4.» F-ElementMode{(}
HProcessEvent()
+SatStateVaius()
+GotStateValue(}
tTransition()
trSetTimer(}

1% 8 Plugln Class Diagram

TA3Eh PBAE oiRbd Al2E]

(Discrete Events System)g YZH(World View)E

322 Element Model Class® Time Stampg Zr=

Aol st AHE Fashe #E 4 TH
7% 82 Plugln 748240 dlg Class Diagramol‘:‘r.
3.3 HLA Plugln

ment Model &

HLA Pluglne #:HAE#H oA #FQ HLAZ B3
OF =E2 TAE RAAgHcN TS 9% g
dolHz pdHE A2dE FF A% EdAEY oA
29 $4¢ golahl & & JES IR I 9
of e uish 2ol HLA Plugln® 93te &% A%
714 we} Run Time Infrastructure(RTD% 3 9
Bole] 540 AHAY FA A5 TSR

HLAPlugin Adapte!

Output

Events |

Federate
Input Ambassador
Events =

2% 9 HLA Plugln %

HLA Pluglne HLA Plugln Adapter®} Local RTI
Component(LRC)E 749t} HLA Plugln Adapters
Federate 5102 mX & AL7dE A EH A drozwR
B $Aste] #l2 LRCY RTI Ambassadore]l Hes}
o o]Z F4l8= U2 FederateEol Al HiEIEE o
ol 9&S gk HLA Pluglne] HLA #24F Al &)

ol d AFFrlel wat Age] WiAHHUE W RTI Am-
bassadordll F&E AFAE-LS Federate 9% £, RTI=
Z8 5 %A]o] Federate Ambassadors R ZRE
T8 AFAES callback FHO 93] dZFHoE WB
of Agde 4TS Fuf

3.4 PBA Framework2 8 AlE2d0|Md 73

Plugin®} AAHE, 2154 on A
3l4} PBA FrameworkZ 0]
g FAE F%E o

AlEdoldE 7

e Eeel HE 6}494 PCo AlEHoH
z &

ﬁ
4 g
e
_0|L
e
&
0
mim
ot
¢

_9_11‘
32
T

F4, FAE, Ed, HEG 59 Plghe Tl
a3
EHR9) RFYNG AN w2, EAA/ LA

EAS S8t EREN AED RojE wBRdE -
E 7 202 FAE 22 ARHAL UUvE o
2 %8 Pughh S AAE 2 AT THSY



58 AR5t =8 A

¥ 10 fEg 2d 2 3|

SETA EH/ B2 / Platform1,2/ & & 10}

1. GE A B0l

| Flatiom-1 | | Piatiorm-2

Platform | R £ & 2221 1 Platform /| R £ & 29{7] 2

Platform

Gl Ees

|

Platform

Nav

Rader

FCE

HLAPlugh | Launcher

HLA Plugin

HLA/RTI Network

. 2L A0

HLA Plugin

i

Track-1

AUEA SH BN 201
a9 11 AlEHA AR

om ol =& z A% HLA Pluglng F713ld
HLA EF$ WE2EE FHIEAT 1Y 102 A8 o)

Al2E 2ol Al 36 E Al 2 3020094

EAR, ANEIo|A FAl, o4HAA & 4 &
Aol s Track Pluglng A3t FHE3PYT A E
dold EA 2 2oAarE OCS Pluglng 53 +
Astg . Platform® ZF g4 #=¢ 2 =8 2d
9] & Platform Plugln# MSL Pluging &3] 73
3ttt Platforme Nav, Radar, FCS, Launcher 59
Pluglh Agez AR 1Y 11 AEHo|H ==
2 =4 Plugln 74 YeEhdoh

4. 2 B

PBA: oA 7|Wta i} plug-and-play $4S
2 AE F e AZES Y HXJYEQ Pluglng 3
o AALEA, AT (reconfiguration), B84 (scalability)
52 59 4 5= 199 M&S £ZEH] oy
ot} MEAE PBAE B8 oEN 7484 It
TE AETH, QHHAE FLFOEN LEEJ
2 7AsE U322 Pluging AAHE-sta 2@ste]
AEHA Aadg AwE £ ok ®=F, oE
Plugin 7+9] AZ®(coupling)S FHA3En A5 57
AL BAste oEx 2edE siRoEd FAU
Plugln®] 44 9 271 gol3ty A@ ZFq wa}
Pluigln® %< F3 A4 A7 2 gl
$o3 E4g ATk

a3y 12v¢ FXGE 7 A & opgd A JE A
W =9 27102 3 PBASIAS Jehigith

PBA

OIS A DiE Y

19 12 PBA9) $14+

PBA Framework2 AlE#lold 4, Plugln Z# Y,
HLA Plugln 22 FA=™ PBA 71¥ /i =<
9L AF3t. AR PBA Frameworklo® A|FH
£ % 71 NHIAE #8024 PBAS H& A
EdolE g M RES FAHE & U2 Aotk

PBA Framework& A&l FAFRY oflz
AlEHole 299 AAEAEE B F Ue opIEH
A zZHdgoza M&S FF A& A 882 FU
AR F e Aoz B,



[4]

[5]

[6]

[7]

o)

ot

M&S Plugln-Based Architecture Framework 71

anes
Simulation Based Acquisition Industry Steering
Group(SBA 1SG), "SBA Functional Description -
Version 1.1,” 1999.2.

IEEE Std 1516-2000, IEEE Standard for Modeling
and Simulation (M&S) High Level Architecture
(HLA) - Framework and Rules.

LCDR Doug Buchy, “Joint Modeling and Simula-
tion System,” Joint Modeling and Simulation
System Program Office, 2000.1.

Robert J. Meyer, "Joint Modeling and Simulation
System(JMASS)>-What it does,... and What it
doesn’t!”

4734, 49, “SBAES % M&S Plugln-Based
Architecture(PBA) F2o tigt 47", dxFA 3
71488 1A, 20073,

Len Bass and Paul Clements and Rick Kazman,
“Software Architecture in Practice,” Addison-
Wesley, 1998, pp. 101-102.

IEEE Std 1516.1-2000, IEEE Standard for Model-
ing and Simulation (M&S) High Level Architec~
ture (HLA)-Federate Interface Specification.

SRR

19934 st A £ 2007d
A Egn et Er|AAS EHA
Ab. 1993 ~&EA et 2%
BARRe Bdy 9@ ABFolA, Ax
‘:°]03 ohElA, wlEo], 44 7} A 2

198 Z“E SoAR e EQ (8D, 1985w

=ddsty oigel st 2HAEAD

1989 University of Cranfield(g) o

St EYIAD. 20039 ~EA =g
A BAlEole RdE 9 gl
A

ZEY o] dAyeld, SoS AAY

gﬁ?él °“

, AA e}EA T

59



