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A 5] TR Bl B AR A5 2 RGO A - BRAEAIAfIA (verification, validation, accreditation,
VV&A) RAEE B4 BRRGHZEE R ERE T TR G KR, @l 2.
[FJIF, E07 B ARG T, 1 RO 2RI 55 230w SR PSS IS5 i) sh A 1 A1 AN & 138 1k, T
PN R EIT R R g BA B o SRR T AR, AR R A Wt AT R A A4k, an i
FWT LTI, Fho0h S IS A S U, [R] IR TG ORI AR AR AE AN [R] 8 A 5T AT E

WEAL, Wl O B AE & ST 78 A1 TR S i b 1 R FH AT K, 2 S50 1) 47 L R G AR Y ik
ki, XA T REEERIURIERHREE . ST HEESE S, RZ AN
RGN T e AEALZ AL, oK (0 38 2 @ ABEAE R B B USRI (RN, tdm 1 XA AR RN 48040 110 A M . 7
PRV B LT AR, BEFUN SR AR N 53k A B R e 78 70 I FH AT BB AN L R e 5507 BRI,
PR A N 2 AN [F) B FH 75 SR BT R G, A DR RF @R 077 AT Rk B[R, 80 B T A A TR Hs
ety R ) R B

PR, ey 76 23 1) FH AT R 5 AR B Y SE T 22 0 . AN [RDRL R AR R B, PR 2 R G A
WAL, IR T A 5 24 o 3, di ik TIRAX, 1 o A0y BN T ) RV 1 L AT et S mT (1,
HETTCRAE AR BB F R B8 RS R A 552 AT 2 R G0 K MIE D) 755k 5 00 8 i 19,

] o 477 2 5 o0 RS Y o Y i) 830 P Bt 9 R AR LA L T g 52, E B 7 A R I FH 0 R AR e T
07 ER B S 2R MR vy, B r) AT AR 2 7 LA ) ATV PR, 2016 4 1 1, i Se [ [E Rl 2
& (NSF). KEEZMENRE (NASA). KEZFERAHT TR (AFOSR). 3 [F [ 5 g i) 105k
(NMSC/NTSA) & HEEF KM 70 ZAT0HT B L KBTI < LRER ARG @D Eh Pkl
Wt o b, 3R ] TS AR A 3 D O B AU R B PR AR IR Y 4 ANBIF S A e — 7.

H ATE 0S8 A IR 2 AR AT R, SRTTIX L6 i R AR A B TR R — B SO SE, A A G
BRI P o S S T 2z TR s A T i LU, ELYAEAT T v A5 28 B P ) 4 2 i L BRI 4 &R AR SO R T
P E A SO, F I RDRE R | SISO T Bt LT VE R 4328, (R WA A Y o FH 5 - =5
[RIGZR, FH4E R U SRR ARl 7E b EAE b, 25 B E R I AR &R, 140 I 7 SR Y B FH 1
FEAER R A AN SLI 5 A AN J2 TN 2 B A GBI AT IR AT 25, TS b A 1R Y S
5 B AR R 7 i) AT e 5 R .

2 HEE{TERREER [BEE

RGBT FO R DAL SE RGN FON SO H R GERERY, JRAERE R b BEAT (7 F 6 f 3L
. BRARGEP P& RERMGR . WL A dr A BER DA R | B |
B . AT PAT R | S AT RS, MR R B ROk A SRR | SR R |
SRR MR R FRPRE BEOR 73T SR AR L AL AR | LA . RS S MSEBLTRE M 0 1
THERAT | B i | 3 SR RS, RSO, R E T (BT O O8O R AT AR R 3 R (B
AR,

2.1 BREBEBREXHS

(1) B (reuse). HHRE—Fi7ikil, FENHATERFIT K. Lei Bl $5H: <BHHZ—F RG1R
T R B A, A AR R AR 0 RN B O @ L 1 KRGk, =ML Bim 2 WL,
B AR R TR, BRI R oA S . B T T SRR TR . N LR RE . T BN B Bt 4%
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RZ U, /s AR E A R EA . B E A

(2) TR F AR E H (model reuse for simulation). X TR E I E X, HATIEE A —NAIA
()3 bRUER) BB AT IR . A [F] ) 273 B L NAN IR A B2 23l 4t 7 A s R . 2002 4F
1ESEEE B W B TAEH 23 1, Nance ) 25 H 7R 8 FH )5 S, A Y “BE 8 o 2 01
HARAGIT R 2 R E LB AR . Petty 2 1O YOMERHE A2 B 2 /0 EIF R 1)
BRL, H I B AORT B B & B P AE BT I RS S5 T Pidd Y TRAAY T 1w 7 L P A5 2 o
AR ERA RS A, AT AAARRS  BRE AHATRN S8 AR Y 55 SR IR 22 o BT AT . A 2 8 O R
FORESE T R B R 2] AR R RS AR T 07 SR A R R A, DA G KK T (1 B
B, a0 E AR R SE IR B R A . DRI R, A E S SR EA M EEH TEr
S8 SCULBR D8] 72 AR A 3 7 xR AN RS i B N e sl v e PR, B T RO AR
375 RS AR B P A A 2 R B R Y,

i U B gyt E ORI DA AR A B A% O JEAE R BB EE ] DARBARA BT R AR | $ e
SRR ANy H AR, @ S A RO B A H A RN TR, B — R Gk TR,
FrRAEA L A2

(3) FTHE I (reusability). Balci %5 M4 ANy «RT 8 FH BEENT A 5 v0imk 2 SR w4t B U {66 P i
HAE AR I PR, 1 B A 3 S 45 1 1w 0 3 A ) L2

WA FFACEAR A E A U R «nT 8RR PR LI R A [R] S 37 55 I 4k A58 FH e 11
RE ), XS B A v T A 58 HhmT R PR B

PR F — MR HT, SO IZ A AT W) 5 A S, 4R T R A T L A R L E T B A
Hr 7 BB IS T, AT A e S T BR T OR A R A r  IE AR R AR DA S e R AT
) e A B U7V

(4) FTHAM: (composability). B2 A & SEBUSE R B A 1) —FhEZ R 77X, Petty 10 IAA: «“A]
AV E L R FEAIR F 2 FEER A AL, S0 B R B R T SR I B H R GERE /0.
A fat TAEMERIERROT BA Sy, JELLZ R T7 SAak AT B C AT T BR300 5 & 4, DL 2
BARTRIBE ), KRB Ree 4l e MBS A &0 54l . B AT A & VSRR e 5 ] DL = X
M &, AL o A 25, BB SRVERR R A & 10 40 5 SRR 20 5 1A S 5 5 T

2.2 REFERFENTE

% Pidd KT 728 MY, R R s A AR . SR, B ST 3 T T EAT
7K. 1R

(1) LA E AL E: AR B AP BRI R . A ) B
P2 2% B b AR 25 B P 81 B (A MR 200 B PR A2 K, i e AT DA T B P 5 P3P DU T e A A

FEAPECE A A, ARIE AL N A0 1 R B, BB ST o TR B T e &
RIS T e E A 07 BT RERERN T RA 2, e nE S AR ok
A5 BORSCRRE A, 1XAh 77 BE AT $2 BB m {5 4, A v a4 A A 2 P S S, i I T R FH £
Jiak.

BRG0P 34 W] DA E AR 20 O A R 2 AR A 0 A AR 3 2K, (a) JTAFREN]: n—
YIRS L RS TR A TR R B A (b) R B RGPS T RGO E ], 1]
W AT SR ARG AL RS L (RS Es . REIBINGE T AR (o) RAGHEM: XM B AS
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Model reuse
for simulation

1 REERFGERISE

Figure 1 Classification of model reuse methods

B (MG LR 355) REM. EFEFLI TR G, MM RAE MBS BA 2 G — A~ /NRe
FELE, N T MRS 8 RO AL T, BESRAE AN R ) 9 A 2R St P (KA R A B AT B A A

(2) AT TBL. (a) MG A) AT AR, thn] DL 58 3 O IR A B 1M SRR ) ey
FIELAT; (b) R SRR EL AT 07 U5, 7T DA o A Je 5 A8 7R o P ) S5 B 7 FUAE L.

(3) A E RISET. (a) B — AR E T 75 30 I IR 73 Dy TR R AR 0 1A
R & R)J7 RBAT R L, i A SRR HE K (b) Bz A - BACRIE 7 3 i
A JE BRSO S AT R L, e EOR L o - JeRE R EOR. ARt OL N R
IRE 5 2R E A,

2.3 SHRHERANEKRSXH

FEASTY 5 BB SIS 55 T VR 2 3 AR P B R s 81 i o L A A
b MDA ZET18 3 Web AR 4% 15 al S FARRN 7 v, (EASEAY 25 5 41k 38 R AR IR IX ), S5k
FAAHEEA Y 8 A DL R JUAMRE G (1) B E S 20 (0 B A S DGR 2 A o, BRI KA TR
S, iR L B E RN R A (2) AR E AR ARAD . AR B Th RE AR R B 1R sl
BT EA N E AT RS RGEA N EERE shat, DB AT A (3) B
HHHERUEER L B T8 RIS, B S ESS R —3, B VV&A 5 EHEIE 8y

UATH] ) 25 FH I AR A B, A SR R AP B R AN ). 8 5, U7 B 3 mi AN TR B
YA R SCYR N TA) T 2, $RAE R S 1, DL B AR TR A SRS R, HARAEER DA, B4
PR SR BRI L 44 OIS HUE L5, BRAMRR T RIEELREAb, IEEZRE =4
—2L.

2.4 BREFERER

(1) Raet. B E A ARV £ BRTLAE 3 T, (a) BOREME. T MR ZHNE, &
BN GRS F8 B A W] RE R S A R, T ELAE T AR R b, R A T R, R
AR INTE B AR AN A IR, (b) R M. R0 AT AR P 4 BT T R R, 7 R A
BRI BEAT KoA% S A, AR L% R] S AR I T SRR (Y m] S I, X AR R 2. () 14T R
ZME. AR ARG <R/ MERBBAR, o E R R PUTERBOVR 2%, R I Bl 3
DI FISAT G b, @A AR 0 BB AT IR BT B B 2R 7 25 SR IR 3 %, BN k.
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(2) ML, BRI A MSL AR AN TG0, (a) (HEZS 5 N REHSLYE. BN B 5N
G178, RS 3 SRR oy 1, AT G B R A BN A 5 (b) ST S A AL AR A SR AL
PR AN]SR SLANE P, 5 AR, R R 005 B P 5 3R B — AR AR Al 2 0 B AR A Y B
W2 UCHE R IBIALHRAN R LR RS H

(3) ARG, IR E AR —MrdElL . REGMLIIRIRE. FEREE A A A A A ), RO
/R RS 2R B Y 247 50 2R 4 o A SR — i B AR S PR AN 2 T SRR Y, R0t T IR0
AR, HEARRARER, mHARSRSEMRRES. REMEESRERN G HR 1A
FLN 5 100 B 7 A, SRR (R R, FR G A SR T A AR JEE ) B AR S A
it i 2P J U, 6N PR ARG A A 2R ) Sife A PR AT IE A, DACRIEAE R o 8 (81,

(4) ZRrBerE. BRAMEMK 2B T 20 BGEi ZHBIRH. 2B . AL,
Z Y BOME I AR BLAE XS ] R0 a0 2 B B i s VRO, SR EE TR AN [ BN BRI R A
e AN TR, b G e i X n) S AR TR IR 30 T A, (B AR R AR AT RS B B 3R R 1 RCR, BRAR T
JEA.

AT DA, B2 R G0 S b R P I R SO Bk, B AR AR A B g T P R R
i AT Sk TAR R 3R m B R ml = P L AT I e mT o Je

WAL PREAL  RTE AL SERUY S B a, AR A A i A I AR T, AP IR W BN
B AN R L ArvlE, BE R SREA . B et BRLIGAIE | BB L B PPAG S, BRANE AT B
M RE SCRRAE RSN /a0 H RS TR St — BRI, 08 1T i e R 2R ] B

BRAk. 2 ARG R AT 0532, TR SR A T AT B T B ST 3 R G ) 2 R
A, BEI LB 4 A i I TR AR B R . BN E XL R G 2T R G ALY,
FAT RGO L M BARRMEIA AR, X T 28055, ARG B M BT, B
B R ER X 2 RARSS R, J7 S RATVEAAE . 2R B TR A T4

SRR, EREARGER L RE T, BRSSOV FS R G0 R AR R, B
VV&A HEHESCIL, 545 [ [ B 5 R CMMS K 2K 2 % R GUE RS RE 7 9 2 AN Boor ml 2, X
R HEAT 22 B BOASFIRE LI R, A BT SEELA r Be R R . @O0 T, AR A EL ] 2 L2 B
BOEBOIT R IE N T2, 456 A B AT ) R SCBL R BT SR S R S A, MWASRIB BOK
SEBUBE R . 22 B BUGA B TR AR R T

3 MMEEAERANARSREL

TESARG, BAE 1976 4E Zeigler A1 Orven 1) SAT XL ) S A SR AR T 42 HY — e @By =007 VR M
P KRS I EE P [ . BB 1986 4F, Huhn 45 200 WA H S a1 F i R, 56 5 4% 61 465 B AL X A
RS PO A, JEX AT TIRARIBE AR R

FETAVF, 7E 80 AFAR A 3] ey 56 [ 242 477 3 55 A Y 10y vy s I A 1) 8, JF3Z80 TTFERIE 9. 1994 45
5 H, REZETHIE 75 1 A Master Plan, THRI% DA R @E IR @A VE . 7= HIVEA B4R 1
NEFR, AERE ST B S0 E RS RE Y 5iFER, EEFEHEE S0 E A E WIS
M ARG TTERBEDIZA T, 35 F B R 0 BT 3R 78 @A 5 07 SRR v A A 56 [ [ s 40
B H A ZE (Defense Model and Simulation Office, DMSO) T 2003 fE#&H 1 n] 41 & 14 iy 25 [A]
(composable mission space environments, CMSE) [P 78 1, H B 42 4 [ 52 s 8 iy o] =5 A VA
LI EARAEE 221,
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OMG
Ron HuHn et al. ESA released Fishwick et al. proposed organization Fujimoto et al.
explicitly simulation an ontology-based released SOA- proposed model
proposed model portability modeling simulation based modeling automatic reuse
reuse standard SMP extension framework language SoaML concept
rd Bell proposed a
U.S. military ESA TTIC?Sed simulation Tolk et al. proposed
o simulation i -
- framework based on combinable cloud
developed Master portability O ot based modeling
Plan standard SMP2 services simulation

| 1] |

1986 1994 2000 2004 2006 2008 2012 2014 2016 ---

li Brief development history of model reuse

1977 1995 1997 1999 2003 2005 2007 2609 2011 2011 2015 2017

PN H o~ I I o~ I I
DoD builded HLA || Page et al. proposed Hofiarin et al. Li Bohu et.al. Zhang Lin et al. Paolo et al. proposed

architecture combinatorial §r§p9§ed a fforrr;all proposed cloud proposed model an automatic
simulation elinition of mode 5“?“}"“}0“ engineering development method

ioler ot s ~ assumptions v platiorm ~ ¥ for simulation services
Zelﬁlel!' etal. ggYe a DMSO proposed Wang Weiping gave a  NATO published Taylor proposes a
modens Iiara igm SISO proposed combines mission multi-level modeling metadata method

1o solve BOM standard space CMSE combinatorial simulation as a
heterogeneous P I . ! for component
model reuse modeling simulation  gervice framework reuse
framework MSaa$S

2 (MEREE) KEERMRHLRAE

Figure 2 (Color online) The development of model reuse

PAIFIR) g 2 2, 2 BB BOR Y o, MR 5 T J R e DR T s Dy 1] 2, AR ) ) R 2
ZJ5 30 ZAERIN ] B, AHOCHIBE SRR A, IWE SN B R, W DL B e T
120 N 3 773 T R ] ZE [ AR ST 70K AL

FERLTY B B T T . 1994 4F, Saulnier 55 231 DAY AL SR BE AN G0 i 7 HORHAR AL # A
[RIRZIE. 1996 4, Pos &5 (241 Fyis TSR IRME S, 125 18 1 B F % 5l /1. 2000 4, Pace 55 (29
SRR A RN Y ) P R G B SEI VR S HOR BT R A 2002 4F, Petty 55 126 45 T ELSLIE
FH L Z5B ff o i J LA S8 ] f. 2003 4F, Overstreet &5 O BF 58 T 3 TR 85 FH G L A S 05 R A
ROMERLES 7] J. Tolk 5§ 27 WA B HARAEMMEE, WHF0 1 N2 2 I ELARAE M E S BB B . 2004 4F,
Yilmaz (281 £ H 711 (7] 5 FH Y BB — (5 B8 — BTSSR (MSC)” MEAHEZL 8 37 1 AH . 1 B 47 55
NMESBRY. [F4F, Malak 55 290 B4 TRETHIUEB Y, 50 T L 8 5 5 96 B R AF DG TR R 34 4
. 2005 4, Hofmann B 25 HH TRV (T Ak e S0, ISk £ fIR5E B B Bk ml AP A FE X
AR BEREAT 7025, 2007 4, Wang 55 BU 7E Tolk 45 P71 A A AOME & ELA AR R LAl I, g nT &1k
X153 5 ANEUGHAT 0T, HeA T 2 R IR G @07 FAESL. Bell 55 B2 42 H T 5 TE 3 Web (1
P E I AAESE. 2011 4F Zhang %5 (33~35] $R VBN TREMIMES:, 45 TR TREMIRNIRAR R, A
HAH PR . FRUEL . BORIBEE TR T ORI, 2014 4F Tolk %5 B6) & T —HMrTH & (1)
BT M@ ERSHiE. 2016 4 Fujimoto 25 BT $2 1 1 —Fh FH Jo B 1B A Sk Se il F B 4H
PEE S E A, Xiong %5 B8 Wit T R REARIE A (agent simulation model, ASM) Wz & 7772,
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Cross-system level reuse
System-level reuse Reuse
Component level reuse hicrarcﬁy
Subroutine level reuse evolution
\ \ 9 ! \
Yy O,
b \ I, \ e, Sy |8, Ao |
* G Vo Ty g
\ \

Cloud simulation/intelligence
2010s | 2020s~

L \
¥ \
\ \
B 3 (MEMEE) REERRLIRE

Figure 3 (Color online) The evolution of model reuse

I8 T3 [ BT S H A . 2017 4F Bocciarelli 25 B9 32 73T Web R B RS E 30
TR 1%, HEI MSaaS “F G4 EARSS. 2018 4F Deng & 101 JE-F AR 55 24 HE T — PPk 55
FAAY B AL, 2 105 BT R RCR.

RS PR 57 VE 7T, — S i () 5 S R AR I TR AR R B A RR 42 R Ak
AR HLA U1 AR QAR BOM 1| SRR 4R MDA R 191, B AT S A A (SMP/
SMP2) [46:47) | S KR AY 8 (@ HE 5 (SRML 48], Modelica [49) 25) | FFEA A5 5 (SML B0 | S
T @A AZ AT 3% (COTS PU, Simulink 2 45) | JE T8 L Web Service #5574 8 F HE4E (53]
& TR B S R T A AU B B B T AREAR I EBIE S, DLAHET SOA M EH R
MR, HMBLT —2gr 1 J7vE, FEA HT 1 M RS 2EH SOA HIEBHES (SoaML [B4), £F DEVS
FIEEREE = (DEVSML 155)) | 0 BLE IR S5 HESE (MSaasS 1P6)) . T A @ 41E 5 DEVSMO 571
T [71) AR 5% A SR A A B 7925 (581 DA B T R A 28 S i e P 170 7 9 (1) 4

TEAJ BN FH 77 THT. AR EE P ) 2 N FH A A T ) o A =0 LS B9 i R0 B R 100 4H A
05 B (61 RS R T N A 162] ) S g RS R A Rl 7 P 163] 250571

VU JLAER, Bl T ELARE A B S 28 BRI e, B LA AR 5 1 el A 45 3 ) )
2EAL AT IR AL, S AT BT AR AR AR S5 A7 5 Tl AL, AR AR AR S5 5 L 1) 4 L R e A
Ji ANEA I AR AR R B 2 A AR K R AL IS R, R AR AR B 9 i A
AAZHAj 5 DIS, HLA, SMP, MSaaS ¢ HEAL8UbR#E, G0/ 3 Frx. SUbER, fEdd il #E v, I
JE YRS, FHRLRE 5, A B R E T T FREF % AR REG% . B RGN 4 FhE SR
TEAb R (04,

4 RESFHANIASR

B EMRE MR TR, B MARTRE, el T TRESEGRINKFE R it B
H L VV&AL BT 4E BB B B R B FORIE AT, RS TR AR R
iR, BHEHEZ ARARER, 4 TR E ORI RAESE, ik 4 Fros. IR K
FGUN I EERE, B E ] EEA LU 3 N 75

(1) @A AR GUE W, £ AT RCRRI ARG R E, 30— 228 Dhfe, B A HoAt )y i i) 3
W, RGHT U AR SE, 5 ZE0 e an o] S A A8 PR ) [RI I L ORAER]— 2R Geisi Ak Je A R A R Ak
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Simulation Simulation Simulation
system system system
update migration construction
X . . Reuse-
Reusa Lifecycle of model in simulation based
ble . simula-
model Reg#é{egilfm Design tion
develo- — system
pment o construc-
Construction VV&A om
I Application I l Management I
The standards and tools of model reuse
The methods of model reuse
The theory of model reuse
Technical People
approach consciousness

>

The evolution of reuse-oriented ideas

4 (MERFE) REERMRERE

Figure 4 (Color online) The model reuse knowledge system framework

(2) EHATH ARG, I KA T I PAET 6 _EBCE B0 7S N igtT, 2205 R
RIESLR, & EZ R U B S EOR, D& RIS U8 151 G i R A 7 A 1.

(3) BUEBT AR H RS, SRR IT RGN, R A B SO I A (A 2R 182 P 38 F) 47 S
FIPRSE. 75 EERA AL A T BE A TS 55 BENE T /2 B R GEHI K, AR Ja N AR B P BRI, i R 7
HA R AT {EE.

WA St R, ALK F IR 7 £ 25 R AN 5T : (1) AJESIA ST e n] 5 A,
(2) T 1) W] E AR ) 01 LN AR Gty s (RO SR AR P B AN AP 45 ).

7R P ) S B R R AR TR A B T EE I, R e T R BN AN IREAT R AT (1) B
AR LR AR AR, (2) $RBESCRIN AR AT A ROR B4R, FEAE T BRI AL
s, TEZ 5N RNERNERSEDES ES/EH.

3 A AR B P AIF 5 10 2 it 380 7 P D 52, Y B T AR R R R P BRI L A
RUE 75 ) SRR R AR TR RGPS N ] SRR IT.

I 4, 3R] DAEAE A A R R AR R R R D 5 BB (1) RETY BB SRR 7T (2) A%
RUEE FHAHSGARAERTE 7T (3) MY T A 4 2E i B W 7T (4) M7 | Y ) s B BRI T 9 (5) 7R B )
ST AT
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Figure 5 Model reuse key technologies research
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Figure 6 The reuse-oriented modeling and simulation concept framework
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* 1 REERXEEALR

Table 1 Model reuse key technology comparison

Reuse Standards Foucs on Technical Portability Reusable  Reuse phase Reuse-oriented
methods features level modeling ideas
Reuse based HLA/BOM Unified model  Openful, Well Multi-level Design Better

on model /SMP2 etc. interface standardi- reuse

standardization zation

technology

Reuse based SRML/SML  Unified model Platform- Better Multi-level Implement  General

on model /SysML etc. representation independent, reuse

representation multi-domain

technology support

Reuse of build- COTS Unified model Internal General Single-level Execute General

ing technology  /OneSAF etc. interface model library reuse

based on model-
ing and simulat-
ion environment

Reuse tech- Conceptual Unified concep- Generalization Well Single-level Requirement Well
nology based model tual modeling and abstraction reuse or design
on conceptual standard method
model system
Service-oriented HLA/SOA Unified service Servitization Better Single-level Design or Better
model reuse DEVS/SOA  ideas reuse execute

etc.
Cloud-based MSaasS etc. Unified concep- Standardi- General Multi-level Implement  Better
model reuse tual framework zation reuse or execute
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Abstract In the field of simulation science, model reuse is an important way to improve the efficiency of
modeling and the credibility of models in complex systems. It is also a hotspot and difficulty in complex system
simulation. In this study, the requirements, concepts, and characteristics are summarized; key research techniques
for model reuse for simulation as well as the model reuse knowledge system are given. In addition, a detailed
description from the perspective of theory, method, and application is described, and the current model reuse
research institute is discussed. Finally, key issues to be studied in the future are indicated.
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