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Abstract: In the field of M&S of Component, the component modeling and simulation environment KD-SmartSim based-on

BOM specification has been used widely. The application composed of components in KD-SmartSim employs RTI to achieve

parallelism, but its performance is inefficient. In this study, the deficiencies of KD-SmartSim were discussed, and a new

parallelization structure for component which inherits the concept of BOM component modeling was presented. A parallel

simulation engine for components in the form of SPMD was designed, which implements various services required by model

computing. In the prototype system, the sequence and conservative time advancing were completed now. The experiment shows

that the engine has all capacities which can support BOM component executing and can improve the performance of simulation

system composed of components greatly.
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Fig.2 Layered structure of component simulator

HPF B R B A B 07 3, JE 05 15
BE (R RE T AN [R) 2 IR I i 55 A, 25 2 LA
FAX AL B DIRE  (H IR, R RN FIRRYSE
BUERAE SRR S , SR A PRI 4 1 AR )
ATEE &, SRR I 05 505 | 58 1 D RE 1 A 23 2 i
A MBI, I8 B AT HAT R4 i B
HPEO5 H ARG N2 A A, T B AR

SN Y= ERNY = 1) 8= S Wk 2RV SO Mg (MR
REHEATIEAN 4 o
31 R

WERNT RGN RIRE, B R &I
HRESEAE SR . HAEA T REALHE - TH B A% | [F]2P
ERAVEM A R LA ERAE o T B A% 38 T TR Y ] 1) 5
SRS, ARG A5 PR T A5 =2 [ e 2R A (1 58
B T B B LR 2 AR B 2E B RP 5 =0
AR BRI R IR R T o [ A2 A
Jor b RARIR Y Tal 20 3 DR 9 R 2 ) i iz A7 i
T, AL 29 F T 42 5 Mg #04 Bf E] ( Global Virtual
Time, GVT) {345,

T E B R AR R AR A o3 A 67 B PR R A 3
175 W]t 3 456 PR 1) 4% i 7 =X, AR ] — T R
PR L FE R — SR B
7, XS ATEAS [ BLA B 19 A E 4% TCP/TP
A P ) 25 S8 4 R o
3.2 &R

AN AR A R =g I L =g N e
R AMESS Bk MG, Hh A
B IR R I [ 4 B AR G B B A 1 T RE AR
Pe, R AMEZE T SRR AR WL TRl HE | g3t 145
B | ERE AT

(1) HE M

LA L) ) RE R TN 2R 1 R G A R R A
BEUR, B R B X B, SRR S A A
M ERFIRI A LS A A A R R 2R A

(2) FHHE A

FHE TIAZ O R F A r A48 A R AR
SRR, AR E E SRR I I R0
E i A 21 524 1) R Ok = /4% (Future Event List,
FEL) H, 5 (8 BE I A FEL rp JBCHS IR /)
AP T AL S BRSO TR b i
AR AR R R REA R 5 A5

(3) a4

B[] 45 B AN R G AZ O, 4 )
REAL AW AL B FEL Frit i /N0, B &
D5 ELAE IR, A [a] 18 Bk (8] 4 25 B A >R FHAS [) 4 i
[ PR L . HARARTFRS Ok B WS J7 T - FEL 1Y
SEE I B A (8] W) 20 R AE . FEL SR 1T
AVL J5 R 562 A A, &%k 44 AT B3 1)
A 2R O (logN) o NI [ 20 SR fdi Y T
butterfly J5 2, B [ log 15 58 M5, 1 B A%
AR N[ TogN | X PIFPEELT: Y B[R] 52 2% B
A RAEARAF A R T SR R R B, A



%6 4]

f] 58, 2 BT BOM HYLLPEIFA 70 05| 07 S5 98 157 -

GLINHET A0 07 S T T B AR 5y Bt (1 E AL
L OE PN PNS

(4) FFAMELE

FEAHESL R T S5 52 BU5 i T S AR
VLS CRet i A B /NN Tk AR RIIES /N
il 3 TN o FEASE IR GHFAMARPEIEAS 52
£, TR BB RDIR S ) RAF AR AL . P 4 1
FA BRAT AR P4 el B, B R BT s 25T S B Y
FAE A6 2R VLI 5] 4 AL o el 07 5 2R
FEANU RIS AL i SR HL] , PRUEARAG — 2k
Ao

(5) iR 4

B R AR AR I SRR Y AR AR A SR IS LA
%, B LA O LR RO SR O S 3 5t
Zos IR NSV NIER TR N AN PR PR YR
B B ENHE ASCIF S 12

(6) 41t

GEiH e BB X TS AR SRk
RERAEH 20, 7EGETHRE B 2 I 15 B
AT AR PR AR BT B R B AR ) Ak B
[ | A AFfeE G DR 25 77 TH 3 GVT /9 25 IR I ]
o MATIR B G SA Rk —E R, Al LIFEA
it ZLI S X I B
3.3 REE

PaSEC 3 Hf HLA (7 B4 BE 6 G A8 BURIEL
Yo S B SS , FEXTEAN AT T8 S &

(1) 7 A B

PRV R 32 2 H B e TR SR 2 [ 5
PATITI SR FR , SCRFE PRI 70 26 Rl 2 I 45 3
RGN T IR IOCR A TR R
PSR Z (8], 50 2 JRRAE T i Z 6. 55 2 JR A
HLA 149 5% B3P W A5 PR 55 2 A ] 114, & P oA 4 ol
P28 F ) S A o e A S AR I ) ] SG
Z , BERS AR R A F RO R RCR , U RO X A — H s
RS, BB AE 52 4 L 4 AN AH T 19 [F) 2800 92 1k
WE R F AT

(2) MR

X GAE A P A P BRI, S AR R 5
PRI TEE MY e BL T PEAEL Y SR/ B S8 . SE 0
Kb/ B R B R SR I R 2 Th . R GESK
BT HLA #873X A AR 55 o

(3) B o K B

Wt oy 425 B H 12 i A Has AT id A
JCFESCHR 4 Fe F0 MAc, DA T i 2 I 45 v 1) S0
o BERIHSE AR HLA RifE,

4 JREILY

4.1 FEHRRGZELEN

PaSEC (1) 5 8 R GE ) F 2L WK 3 firoR .
HHr2g LogicProcess 7 ST i HLiaATHE i Y4
Be O, i S0 an a3l A5 IR NS RS AR RS
%5 ComponentServer #1240 {115 4§ LPSimulator M
PR TR S i 2 2507 U5 BL SPMD 1Y)
B, (i HAd#E rh, LPSimulator % ¥ 2 )
BN SimObj (A SZ{A) |, SimObj £ LPSimulator
AT AR OCIRR R , £ FLACHE 11 TFProxy ]
TN, B ST HRBLLB G B RS 40,
WALl V-5 DU RERTRE T , SimulatorProxy
Je ARSI,

— SimObj
LogicProcess IFProxy
| . [

Component . .
’ P ‘ LPSimulator = SimulatorProxy
Server
| : L
Sequence Conservative Optimistic
Simulator Simulator Simulator

K3 PaSEC EZEGHIA
Fig.3  Overview classes of PaSEC

LPSimulator ;&8> R G AZ.C, BB 13l
RIS A4S B PR B ()4 B R AKE
28 B R GEih e A B N R BN oy
KEME e, 1715 H 4% SequenceSimulator
{7571l H #% ConservativeSimulator £ 25 A5 B 2§
OptimisticSimulator /7547 H LPSimulator, [ %Y
RGLC SE N T HAT AR ST 05 FLAR 9 OT &, 4l
MPT S B EFE (] 15
4.2 EfTidEE

PaSEC (13847 B {5 B HE 7 B AT R B
S50 3 AP B A, AN RN T

() BT B

B9, W RGEHA TR, XA S R A
FEM P55 . DT PR AR 55 4% , HAth
AT PTG AR TIRE . @& A1 Rk
FLAR GG BN EZH BT IR, AT AR R 1) 46 £k
(e

HU, F0 BN AT 55 LG B B IR
BRI T5 2 AT R 931155

O =, T RUERE LRIAE 55, T AR



- 158 - E By BE B K 2= 2 i

2011 4

£55 o

SV A Y R IR AR LA PR T R R 2 58 I
155 WU, I HE R i AT H AT

(2) i E AT B

5 B B BEAE AU, T AT R HOT
R, W RICENZAE 5 HEA AL B
PN 20, AT 55 ) B A i o e
TYSAR WIS R B sl B3 55

(3) P A5 B

s AT 5 E 115 FL I 8] sk B4R & A T, &
T RURATEE R B, W e s iZ a2 Ja B
5 BT AR BT T R R A S s i st T B
YtiB a7,

5 PR

JPEM PaSEC 1Y M RE, ¥ ] PHOLD &A1,
M7 2877 2E 1000 52K, F- 1 73 P B 4495 51
BN SRR 1000 D20 R L e B HL H AR, L AR
FAHNT BT R SRR SR B
AW & CPU g Intel Core2 Q6600 @ 2. 4GHz 1Py
Bt sil.

FEPERE I 3 rh, 25 SR I3 S i PRAT 2
0. lms FYJFEEAL 55, BT R BT R A h
100s, B 4 B /n T L =0.5 i PaSEC 5 KD-
SmartSim 217 1% J5 % it I [R] . I b oAl LU
L 7EA AR AL I, PaSEC #f Lt KD-SmartSim
P10 A5LL L, X L] PaSEC BE 8 FE AR 4E 4 4H 1
RGBT ITAY o PaSEC AYPRA TS ] it 25 Y o5 &k
Y IG I T REAR , B RE A 0 A S0k 2Z (8] /4 5F
ey Jag AT .

1200 1136

|EPaSEC O KD-SmartSim
982.4

1000 —

800 | [ || 7882

600 11—

®
=

400

200 |+
1

0

4
YRR/

& 4 PaSEC 1 KD-SmartSim 2470} ] %} H
Fig.4 Execution time of PaSEC vs. KD-SmartSim

T LI, RT3 = 1 J5 A FHERAT 110
Wit W5 B/R T PaSECTEL=1F1L=0.5 B}
M . fE L =1 W, 3045 1 3T 2k ) Jn i
FC, MAE L =0.5 i, ek by A Rd e b L =1

L TR, 76 8 T s A b HUA R L =1 Y
50% o I He3E R BRI  BEE T R EOE £
TR A A R T & A TR YR, AT
RN LT R

6 % it

=A

3 IE X LT RTI A9 KD-SmartSim 2043547145
FLRGA R SHT , AEIET BOM [ 41 {4 Ak g si i
fili b, B T SR BOM {43047 B sk 105 15|
% PaSEC, S TR R 48, M 45 R R,
PaSEC HA 45 5T 75 1Y 25 W) e, RE A% LLAR
AN A BRZE AR R Y2 AT, Bl 3 b AR s ) L
RYTERE

i He

3.93 /74 8 3.94

3.52

(= — 3] w - w [« ~ =] o
~

HEGE /A

B5 L=11%51=0.5PaSEC filk H 4 H
Fig.5 Speedup of PaSEC with L=1 vs. L=0.5

2 % XX #:

[1] Guide for Base Object Model (BOM) Use and Implementation [S].
SISO-STD-003. 1 —2006.

[2] Base Object Model (BOM) Template Specification [ S]. SISO-
STD-003 -2006.

[3] ZB@. AT BOM i RIFERFMELRMR[D]. K
- E BRI, 2007.

[4] DMSO. High Level Architecture Run Time Infrastructure
Programmer’s Guide[ R]. DOD, 2000.

[5] Steinman J S, Park J, Walter B, et al. A Proposed Open
System Architecture for Modeling and Simulation [ G ]//
Simulation Interoperability Workshop, 2007.

[6] Steinman J S, Lammers C N, Valinski M E. A Unified
Technical Framework for Net-centric Systems of Systems, Test
and Evaluation, Training, Modeling and Simulation and
Beyond:--[ G]// Simulation Interoperability Workshop ,2008.

(7] frss, BRME, BhoRfE, 4. JET DEVS ) BOM A 547 5
FIEEBISELT]. RGETER, 2010, 22(11) ;2505 -2510.

[8] Kii, FaR, FEM, 5 MEMBIUSHA TR R A
WHFEL) ] ERRHOR 41,2009, 31(6) 1115 -120.



