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An intelligent decision support system for the system of system
oriented simulation based acquisition

FENG Shan', GUO Si-hai'*, ZHOU Kai-bo'
(1. Institute of Systems Engineering, Huazhong University of Science and Technology, Wuhan 430074, China;2. School of Automa-
tion, Wuhan University of Technology, Wuhan 430070, China)

Abstract ; To satisfy the requirements of information stylized war, a collaborative engineering environment CEE was
constructed on the technical basis for traditional single system acquisition, according to the essential characteristics
of system of systems required technological conditions of simulation based acquisition. The CEE is capable to sup-
port problem solving efficiently in the model based systems engineering MBSE domain. A newly added intelligent
decision support system IDSS was developed for the promotion of cognitive decision making capability and the group
decision making capability through discussion, acquiring a initial requirement definition model. Decision makers u-
tilized the comprehensive integration approach and sets of enablers of modelling and simulation to optimize the
processes of model construction and evolution. The IDSS is an application of MBSE supported by CEE, and also a
support tool for SBA. It shares the capability components composition mechanism to linking and executing working
flows to solve SBA subsantial problems and offers two options of decision support services adaptively. A ssociating
with IDSS, sets of technical expansions of the CEE middleware platform and resource level were developed. The us-
ability , efficiency and technological advantages of the implemented IDSS practical prototype have been verified
through applied SOS-SBA cases and finally serveral directions of continuing research efforts are given.
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SOS( system of systems ) , F/ER R ; g, IR AR
FHIER SOS R R EE BN ERE EHM. I
BHL B SRS HE T — K C4ISR( command
communication , control , computer ., intelligence , surveil-
lance. reconnaissance) "'’ | H M AL H S BT RS
AT, HAR Mg R R BB ) 1R Ik & R P E
FAF,f SOS BERARIE/E, B IRME DK A R NE
45 SR BE R AR 1 B A, DA T BEAE 5% fERURY 2% 14
TUBMIFREEIDFRERFWEN. ZER
A, A EERHREEEEERFR
FHRNBOE , FF R AR BRI 3R A Wi R AT AL
B RBALFN W 54K F LA SE B ) 15 B LR AL B
Y3 7550, B BRI B ARFLE AR, B0 A B 32 4R A%
ARGV RS E T &, Fem P28 .0 IF I &2
KRG MAHRERFT RAS , AT RE REH
AL AE-S0S, MM, FREE T SOS B FRIK R
S R AR A T, RN B EREL T
He, RIEHE, AN REHSHE, LIRER
FIHLRI B L E AR R ) B R W BOR SR HE & R4
BHERERI RS, ANEI R TETEWEEN RE
HE A BB A BB 1 R4 (joint capability system , JCS)
BRI HREE N RELF B T S =
B fBESERH BEXGE . NETH.OR. EE)
BEH EMAMYE" . S5 b, S0S i 4B
BB R EFEH 7 REFHHAT B ERBIR, T JCS
WRA SOS WEASRE. XRPME, WEETE
F B 3G N ARG E A FE N B S ER AR P2
Z R, LIT B9 SBA 1R X #5555 FH .

1 K% SOS M X 7

E R RIMESRR R AR F RENRG IR, #£T
{5 B H) % 7p ( simulation based acquisition,SBA) £ H
THALYRDPIBRETREEE S E M&S
(modeling & simulation) 3 R , 7E 807 1 5 o ) A R
B, R EBRAY . BRRMNE BRI
BHLMB AN B B R R, R E
RCRIMALMERE T H IR ) B R LS
SHITE SRR I F AR 7 i A BRI AL Al
. BRI A W 5 SRR R 4R
A ALr) BAR. BeF A b I R IR LRAE N E
SRIMISIRER , W LASC R RIdE FEbR R I, (H A
RS T , LA B IRIE#E , 78 SE A i A ) A
HARDIERNR SRS RS B EXEE#HE
K5 ERREST 1997 4£42 i SBA 3 2006 4F 45
HRIPEFESHEFITRI, 10 421 SBA LERE 458

BAMSH THREEFRRPREGHH) WEE,
AR, EE ST EHEAREAE TKENE R REE
ZRA KA SBA BT R5 F R B AL, R M AL
A SBA BhEI{FH-F & COSIM Rl 22/ M#& 4L T
R s {B4T YT A P % SOS iy SBA(TF ik SOS-
SBA) BIBHSE , iR W R G SCR MU R i, A 308
SOS EHRPEIFBHRR.
1.1 HRERGEMLSH

A% SBA(LLF fFk SYS-SBA) KR I E A/ H
AR EARAE S M. ™ il 24 T EE
TRGEER, B ERERFENEEEANARSE, N
KL HUTE B RS T A BARESRAER, B2 B
LEN REHFHA KRR N BA R REEERR
RRAOMEHD REWNBES, WIATRE R EFE R
EFHEERRRKGERNRLE. WETIRR K
BRRGEHEWERB LM TR RE(H
FRETMARR)MTRESIANBER, BT LET
RGMBAR, REMBAR. ETEFRBENER
B HAFIREIEE , B i X 5 REEAL T BORAL T
A, 50 B 41 43 R B8 ( component systems ) F1 7™
it FREE (product system) . 4143 R G R 4814 Ui R 1
FENRILRLE. T RENE SO 24T REMK
SR B B T E DI RRIY R R

DR HAI T 4 RGAT A xR R AT B R A
TRRT RN ARG AW, R 13 AT HE
7T &

®1 FRS5RGOEMAIT AL

Table 1 SOS VS SYS components and behavior comparison
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AR A RN R AN FREEIHE A RS
S RGAT IAHARIT & >RGN RGN RA Tk
A DTER
S RGBT T > T RGBT
FIRRDHBAEE N, RINBH > RE00 R UEEME
BAPER HARARMA RS B17h £547 0T AU 26
iR
HAERIA B & RIREAT N
» AT A—RE LI HATH
MRRAHSRZE TR E . > RGUT RSN T
B b higie FHTHLR]
YRGB LR B 8T RG2S T REE
KA P EE AR TCsR fiff e AN A8 0 24, B sl 1

> R A I 5 R 1T N
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AR RGE AR WS , T ] BT AE R, BB AR
FRENEE W R b, AR AR B LR RDH
“CERA, LB R B IR BT N {E B AL BT VR A
KIEAEIERBES). LI, A& SBA RAET#E
W EHRA TR F RGMBEA =M REH KER
INRGREEIRRE ) BEATHLRI L 43T AT L. &
= B BB AR BUAR R, DA A R BRI k. 2%
XHEBRREASREWELEFR 1 HHNHAS R
GeAT AL , ¥ SOS-SBA RAE TR 2 14

D) TR RS F M/ L5 F R, B U E
R R BB T 58 B A B FF 5% 38 LM AR .
TARLR R EEFT R SMIEANERIE S5
Sk A TR BT R, 76 SBA TEBEIH4E LA ik
J5 AR A AR P 7K, 48 LA A B — T &
PRI R R . R B Tk R4
( component based architecture, CBA) , W] iy 22 7 fE 4
5 BB B R B E LR BN, TER
BRL7 ] o P = R AR /& B BY ( conceptual models of
user space , CMUS) W3} , 255 F A SR CMSR
T A a3 R4 2 B ( conceptual models of the
mission space, CMMS) 75, (B & 2 B MAH) =5k
AL B E AR &4 FE X B4R, S0S-SBA
Xof M&S FHAR 32 # , AR EAE G B A Fl R I
FHEERRE T ERNER, EERRREIE M&S
RELA R EA T EN AR K EL SRS
Bl )2 FHIE R SOS-SBA [A] . 43¢ 42 Hi ) SBA-IDSS
T P B 5 T O A 28 T R A ) B 4R K, A A
HE RSB LG58 3T R I P SR WA H0
SR, RRHRERR S, I Bz A% TR
TR B A H AR M. IDSS B B a8 i K H:
WA AL FEENE.

2) FHEBFHRIWHD RE LML, B RGEE T
SSRGS LR RIG ARE R RENE R
ABEFIFT A 7 RAERE . A& IR RH T RGN
TG RRA RS ARG RS RE A AR LA |, 3%
I BiEHE RRHE  E K B i R SRR 7E SBA
g, H FSCER (7 ] i ] B AR R R ATT R
SR (software development process model,SDPM) ,
HLIEET CMMS 5 CMUS #E17Zh 88/ fE ) LBl Bl
(implementation object models ,I0Ms ) i)/ 58 B Al
IE. AT SDPM MR RAEFF &, 4 WM E %
KPR, TSR RE T ERBHTIER, HAR
RAIBEERH S RAET T8 (B8 ) 1T R UhF
HIREIFILH S RGEM PR ZE B 2 B 2 AT 2B 4
FRAE. AR BB TA2373% ( collaborative engineer-

ing environment ,CEE) 3% T GE & B A 12 W
AR , AR GE R RS N R G RI3En
— MR B, R T AH S RER AR ENETT
FPMNFVE FAR S TR SIS AR Ze R i R 248 2045
 GRIERAR R PR AL A B AR B & AT 4 AE
HILH 5> R G, A IS 1T RE TS B U B ShRE A B L
SR PRI, AR AR .

2 T SBA #y MBSE #r CEE

SBA TRBREZENARGE LR, KBRS
RGBT THIE—F M&S BARF R I [F
TR FEERR, R EERT LI IR 4
HEARBEAAH XN AR TR, BMER
BUERIPE A M 2, A P E RN RS,
BRAVRBRAGH BRI ER, THR hEET 4
IR, RIp E RS S 0 EBOR SRR PMEF
& b, %R 5B — kL FF & (integrated products
and processes development, IPPD ) #& =, fp i — E 3
T 2L [ 57 & B F5. W RIMETHAR T K€ XFFE6E , 14
e EE G 2T BRI EARF K SE R
A= SHRENMB e, BafH 5RE, RS
ACFRSE BN E A A A B B E S AR
FRIMIRARTIR . P EARA ™ 5 RSN E
W B B S AR 43 B R AE 9 A 8 28 BB EY, B
SBA R7EFEAIFA R AR AR TR, B
FETHEAIH &% T (model based system engineer-
ing, MBSE) . MBSE 2 [E s &4t T & 5 < INCOSE
AXREHEHA OMG £ I WP &, B ATAR
GRRBEHIA, EEENER ERIXEE IR
R RERBIAG N RE TR # 1t Sos-
SBA 1 SYS-SBA #fi/& CEE %351y MBSE W H. 44k
RUSREACTE , F KA, SOS-SBA LA
SYS-SBA —HERI & = M S BRERF K EFmA
8, fE 1 N RREADR.

2.1 HEREZE SBA B IDSS ik

B 1 N AR BRI R RGN 2R
#9 IPPD 1 IDSS [F])g& CEE L &%, {B R IDSS
APEM. IDSS £ SBA TRIIVE R 13
FMARE, ¥ B i BB R E RN RK
BRI LA R In AR I BOR R R AR, 5%
G BRI E & BT E N E A A DSS AJHE,
BRSNS EHAA B T LTRFL LR
PHERRRR, SEEN SR RREIFRGEM
BB RGMIL, EEREHWEAZETT 5 HE
A RA A IA T E .
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Fig. 1 Collaborative engineering environment CEE
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2 fir7s) SBA-IDSS HEZR, MR KM REGER
A, ERA R RIAT 273800 R 76 4H R
WA, I H T B RREER IR 2ERE. B
BRZRSH SBA THAE—H, H=E 1 BHEH
B MBSE %R, HIA BB PISREIRAMERT
R HYSR R SR H SBA R, W ) B A f 06 4R
BEF—BERMARTEZ U EEMENEER.
‘B5 SBA &% mrid #[F/E CEE LN, % SBA
M&E, ER—METRAKNRALXRSE, HIRERE
S ILE 3, K Ak B SBA I, Wit H SOk
4 SBA B —HAT A WNER/fF B/ B
HIBCR A R B &, B RA N R4 SBA
HR R — AL IR ZE T R R 451 . BRI,
ERRER R, W b %% A8 R Rk
PRS2 IR, 4995 SOS-SBA 1 SYS-SBA n K&
G A AR R AL S5 B X TR I B n/ ik
ZMH, /E N SOS-SBA F1 SYS-SBA T 4E i /2 K #4
#, EXRLHFMAPEN BHREF LR, UE
FERIFEES B 1 KA EREME 2 il Mg
HEKEN4 S LW A-PLIR K 0T, 3L SBA-
IDSS X A R 5 5HERMEIRIRS. F W #%F%
B 2 PRS- R AT 5K
22 BESTHEETIRER

TESCER(7 ] /635 B W SBA N AHBG RS
KA T HETHAR KR RSN CBA AT RE
5 {5 E#E 22 (extensible modeling and simulation
framework , XMSF) #E y SEBRH AR ST, I € T 1
HEME L RHATHEWE LRI E AEER
SOS Fyt BBRHE , 4 591 oA 14 Sk v #5275 T3 [0 1Y
11K, W26 T A5 A B i B
R HF—H RN, Pl S B R AL 1
28, B R SRR A S R
T EHEIR, 75 W BT HAT A 3R 75 U IE]. 7E5E
BEWR b, BV B E P RAESOR SR
- FERFEGRENET SEH, B eEE
OB TR SE R, T I e S I Y
P BT AL BN BT 3T, R B
T ObE. PR B AT RESKM SR ARG ZI,
WE 1 s/ HRETAERE, RS COP
FIHEZE DOT NET/CLR.EJB/J2EE 4.

XHE, W LAE M&S BRI T, BB R 4L
FLAR SOS SEhr ARG HE N M 5 E H REA T
BIXERR , N TTT7E—EFE B B SOS MR EHF K
) R .

2.3 HWREMER

& SBA THRSLAREIRSARZEAM b, B AesL B
b/ 15 B AR/ SO I LR L S A AL B
i B sk, F R B A TR 2 A K
B 505 BRI H M AR BB X BT A
Bfe EABE.THRMAA BRI
HREH. ARDURRGEH B REREN SOS
i, BER R B BOR B BE A 4 -

1) ¥ 96 3 FABTIR IS A FF B2 A R AR, TR
B REA FAR IR L HEF WS TTEF
B BRSNS RO IR S R R A R
EBI VV&A FE| SRR R Ip LS.

2) AXIFEZA TR IXHE R PR PR, 7
ZOn iR AR 73 R SRR [F] I SRAE , FF 3 4
DI TIRE A AT N AT X LA TR B /R
B E TR S B ERRZEEY TR
EHRERE REEBNET B RGEH B AL
BRI, JRE SRR R TE AR R.

3) e ST R I, B R RSk &= R
FIFR ML PP IR IE AR R (F7RR) TEARRRR.

3 SBA-IDSS Z Gi#fAAEZE

3.1 SBA-IDSS #J5§

W REL R ER EF, B 2 T 7 SBA-
IDSS HESHESRJE SBA RIANAER FRAR M IR T R EY
G, B4 AR o IR R RAT 55 RS AR A
PSR SR 3 T ARG RIS 1B B
Tk, R £ AT 1) 2% b B R 3R 1) AR SR AR
W 3 S 4. ERM T BAESLEA &R 5K
1, LI 2 [)R 23 8] | ffe 23 1) A 2R SR 22 18] 20 30 37 1 B9
TR, e BAATT R iR Bl S FMEEM. EZ
FrU RA R HERI IR, RECYEMDY CEE B
LR, MR CBA MR R 4514 R 4. SBA-IDSS
VERBRI ARG , M F SE R SR IR @A 1, %
HREPT IR T EL S TR Tk CBA AL
MR FXF SBA BiF RGEHI R 2 KRBV M )
B8 BN — AT T R TAE E
R T RS REEN L.

3.2 SBA-IDSS 5pERIT A

& 2 7R SBA-IDSS #ESHEZR B AESCHK[6 ],
AR ES A HE AR CMMS ¥ 46, 5E X T IDSS i)
BT s BB R . X B\ B R ETT KB
ZARE KA X EFE SOS-SBA R Bt — 4
BEEA. B S, fE R R LI, E R SRS, B
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bR T SBA-IDSS ¥ KI5 B L IE 30
SR IR B9 X BK. SBA-IDSS HEZR LA M 45 HLEX 9
A-DLRGE A RIK LR BT E BRI RE
IDSS Dy EHELR, T il R 40 0 FH #0470 A B SR R
Z5. FK, B BN AU AT E R R T BB TR
A1 BT o AR A PR SRE B A B R 2% VRS A R4
T E B4 T S 4L I o T 1) R AR 2R OR IME 55 B9 SBA
NI R RGR € h RERLGEH S A RAEH
BT R TR R RS R R 5. 7
PR LI, i IDSS ThRE I RFIIRE , A
HIBSRINRA T , T2 AHLAEN NS R A
RALER, B 2R PSR R B . 3T SOS Kk &%
AL PSR R, M7~ N B DR |, g 2
MRRES M EHE ERESRBETT IR, &
IR AR R, B R B TR B

T B — AL AR
3.3 EERRYBMHIB[EFN

£ SOS-SBA I RILF , B EBMIFEH
B B S SEHL DO R B B AR 7 RIS
&, I8 BRAEFR N T K, KBNS B
IR AR 22 B i 7] L AR BRI AR i
AT ZER] 2 BT/ SBA-IDSS @ PSR 25 B, 1R
EBAELERE S, B4 W AR R o B a4 A
FERLS A A, A AL L AR P R AL 3R A 2R
IR B 3 45 T I MR A T AR R/
RERIMRR S 1R AP - R R R
TEIRE LR B—RHREINER TS 1) 5K
TR 2) R B EG3) S ABERKS %
R RFGR B BB PR R AR AL 3 07
[Ei)ib [

HEFRY R PORIRETE R
= = > pY KEIRZG
FESRASAT |y g | RIMEARIREE BE J1/m e NG
L (B b % ST SR
| EHER SHRRR AN KA Ptk
PR SRE ] MR SR fig A A P B
e | [HIER O | Do
REBFT IR Qﬂ,;
B D

B3 EREBRERERRDRRE
Fig.3 SOS-SBA decision processes of compact coupling

3.4 WERKFHFER Web REAR

Jgi% 7 SOS-SBA.SYS-SBA TR E MBS
BHEARFZM T EB W RBFE 24 3 P sk F st Rl e 3R
H,— BB M8 T RG A ER TR, W
A —EBRAUETREK LI, SBA-IDSS 4R
IR 4RELHE FHERE 2 FF Web RS HFAMEHAH, B
FARSLIAN T : B F SOS-SBA Y b F2 o iy &R AU
VEBHE B 5T f94% XML.SOAP WSDL.UDDI f§ Web
o R3S AT SR A XML $: AR %38 11 B s
W, EAESHAR TR &R E N ARE AT
Web RUF BT RO ) BE AR S5 5k, 3B 3 SOAP JH B
R P B3R SR 7 ) A B Y D3R IR 5, 3R F WSDL 3%
PSR IR & & Atk , F FH UDDI X g3 IR 45 B 47
HERE , T AR 5555k & 7T LA R E AL AT fe e
RIS BRIRSRAEE R AR YR RS, Bl k%
R4 A1 AR SOS-SBA Yesf Tk, ik B #
Vi IRI B3R B PSR-

BERL B b e

HEEIA

HARRSFAR

ik %
P4

e 7 diks
(XML

FoRHEE RS EW

B4 TEEREERERRRRE
Fig.4 SOS-SBA decision processes based decision effect
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TE ARt AR, BT Web IR HPRIEEER
EMFEAEMFE SRR EESHEANRE L
FEREN I BB B S 2 BHSANRER,
PR ALK AR AR op , 05 A B D3R S5 AR T
TR AR B B IR PR 7 20 R R As AT f
HZHRBESR , AT SR R SRR . 1B 4 o T il 3k
RACR B R RPOR TAERER.

4 SBA-IDSS A 4n % &

X T AL SBA, T ] SOS i) SBA B fFEH
KE B SRR SHEIA E /Y SOS MR, Fixd 3L
e 3E 17 B 38 DL BB AT S R T, B
CEE Xjyuif & 8 ) X et B EHE. SBA-IDSS (1%
SERRRAIA I BIES . BR T E 2B R E TR
¥ CEE MR BBt SERTRE &M IR
BEEBR ST , A SCHATH TAER A LA &I
4.1 ANBREBREHNEHST

CEE X# i FH I RBHAE TREFELZSR
Aili_E BIEIRANERR T 1 B ARTE SRR 1. X
HHUIRAGERT RET R RN &K
S5REFERGEA;2) e 5 EE I3 BAR
S5HARNE 4) A5 B B GEAER.

B 5 IRMEZEANRGE S, B A bRk
FITFERE S, AR B NSRRI BT RIE.
Hefg 1) ~ 3) UERBEESHRERTRZMITH
1 ORI B R, 2 T AR SRR S5 T
H S R AN B S EE - EL B S £ 5 H , IEFE
TRy, Bt DSS A-HLA A 3 shid 4R
AMRE R, £ T8 H 4 TR IEGREEN
BIFT B, R AR K FE.

[y
L A
11 0 4 I I AP R
% m g ) i} b5 e
mwEm | | MM R e s e
B0 A A W Pl
f Bs/E By
3 50/ T
N BRI MO LR
i % SCFRIR {93 Y

BS5 AWNSRME S TMRE
Fig.5 Intellectual division of labor and interaction
4.2 B
R EAERIRAEE E H 7RI B IER S HUR 3
B , B AR TRR A 4 H AR BisiE AR R R

FIRBITRE, S # e HIAMEE HYR AR W%
3 T BB A TRIBIA ISR, WAk 2.
£2 3D RRA SRR
Table 2 Three cognitive concept model

DSSX RF BBt 1 ] R A A I B ROR

I o ——— 5% i 2 2 139 > SR MAZ BB 15 B 4k
> A RRMEAA AL TEH
= pl > B LW PR 22, B L
HFARRHT LA G
> RS PIFERY 7= A4 A5
L 4

A o ——38 A T L 15
AR RSk m el
HEWT (Deduce ) FEMH

> T P A ST A L AR T
> BIFHERT

> HEAREESRES

A ——H e ST DI RE
EZ i > I L 2R A E ST

> WHIZHELHTHREE > BEREANERNAGE

> FlisfTHEAE > AR FIHE 48
TER2 3 AR ER T, BRBA R

EEATHRKHERIFEBRIEN L REAERKEARN

5 B AR, SHERBERIR R BBt

FIBE R , B B A WX R AIAL . A 04 B

> R I B 201

> SIS &
> I AL E &

> R A fR

HARES TR RER .
5 MAFH

SOS TR ¥ i Wb ARG MBI RGeS B AR
RS ER G BB ) REE. SOS—SBA KIS 1 25, £ TR
BEH(ERTRY RREET SRMEHETT) W
FABHRAW T , 20078 shEK & BB ) SR IME 55 iy b
. 7£ SBA-IDSS ST T #EAT5E T Mt , B
HHRAMAATE B B AT 3 T RE MR BGRIE,
WSR2 2, R IAITE (BRI HE) IT
B RAR SOS TSR #T , R IE T REM RN AR DT RE M2
RAERKTAXF TPREER AT HTRE(ZE
8 ~10 4) , ia F L S & RPN 7 K, 77 = PR
fetnih R B BEAT 0 1, 15 B W At — 2B 5t
WERBERRET RE(ER S ~4 1) X H &
T REFHIEANTT FRAEH AT IRE G, Bt
FEHER 77 RAEHEH B LTSI R 3 R4 B
2 B TARRHEEB B E 0 Ui A

% 3 A ERBMBOT R 2, R |
SBA-IDSS [MARE R AR B 34 BUIF1E T i G
AL R At 2.

HEMRREEN TR —REFEEE Y
EHUEE, PRREZEHRERH. &4 $F]
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HEREEE (gl R ) (=B (GHR=FE) K
TR RS 15 R A 5 T A B LR i s A A
RERG. BORE M 14 AHERIA P 1 H7ETHRE B A7
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Table 3 Capacity analysis of the air attack
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