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(Color online) The structure of equipment support system modeling and simulation
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05 B R RIS, 30— AN B AT, R i AU BRIV A3 B R BN, R3S K
Hi (R BN TAT I, B4 Z 5 B R A # ] ASEERTEE, BRI S8 — R BIRL. 55 2 IRETA R B 81l R Af 48
T ) ik Fe B o DT LSS [R)AE v DAB I 5 20 /N T H S RIT T LA Z SR AT T . 28 3 IR BT A2 4 45

RTEAT S JG, FRUCOR AT B I RHE S AW H O R A &S CRAE T 4Bz H, nfam N E
FERA, WHEAE WK IE R AT BT T BE R, IXFERE T 2 RIEM R, 32 G hag kK
P 1 I . 1) P RN 0%

4 RBERFESRGISH

AT HIEF S JADE (Java agent development framework, Java Agent J&HMESR), #adt T —
e £ AR AA R I AR LR Y R 40 JADE 2 — Mt 7B A E Z DIRe A &, & BT
FILLET 2 1) Agent H1[a)ff: Ol JADE Jf&—M5g e A ()4 R 4e, BAT R 0% R ELAl B0k, &2
BT —ANSERRIE AT IR, AT LLRAT Agent BEANE A WL THREF Agent H & HIAZ03E 5, AT LA
BEXS SEAARS REHF R, FESLAE—2K Agent HIDIBE 5%, & Agent Z [A]HIEAEHLH], 1A H] %0 R E
[y B S B

4.1 RERZ

4.1.1 ETZEHEENEZREFRERRS

BT 2RISR R IEIR R RGN RE LRI 70 0 Agent FEAVE B | j HAERMR LB B, )
RGN ORI B L ORI AT 558 B DL S R B SO B A T LA 20

(a) Agent BB, Agent AR FIARERA) 3= EEDh e e 01 DT 45 DRIFR R % Agent ALY 2
G AR AR, 4 ORPE Agent B E BALFE QRIS B P OREE 2 Agent . fRIEZER Agent. fRFE&1F
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Agent. PREEBEE Agent A7/ 1851 Agent 5% Agent PR, 2R EIM Agent. FEHR I Agent.
RGN Agent 4EEIRFEE N R Agent DL ZEIE N 2 Agent 45,

(b) U7 AR P 7 FIE RIS AL BE 32 B0 D Re A2 17 07 & PP LIS AT 75 200 JE il B4 s 2
(A | mE AR, & ZEAFESRIA AR A | e g WP B A (R iE o R SE ) ORI T AR
B PREEE R | PRI RE SRABIAL . ZH 2R 45 H BE b AR 2R 55

(c) S mMIEE. J7E Y BRA BEARER 1 ed% HE E RJ8 O R I T 45 A A 2 BA PR 2 3 G i, AR
JEBRIE XS Agent FNIEAAR Y 2 o ) 55 Fh 0 A B 3R AT SA9) A4 Ry 45 4 RS TG T B AE I (R4 e 4 DA &%
S5 ORIEAE IR SEAARNT B, 5 J P T B g 5 2 BB A i B R A A e b AT L. ) R s R =
BHT Agent LAY PEFNSLANAIRL B0 H D Jy B g BB, v LASCREEE L, ZERLRIAS (R AR B AT:
25 A FH AN [R] B 77 5 G k.

(d) PrREEUINNAE R, OR R0 ) A 3 32 A7 53 i) o A 2 TR A PR B OC 2R DRI IRARE LA S PR B 75 3R A2
BB R ST R, A B DR B e v DS LA

(e) PREFATSS B HE. PREEAT 55 & BEAL R 32 B A7 DTN ORIEAT S5 AT K, 15008 PRIBAT S5 TR  450R
I (8] S FEAAE R, DL B A IR AT 55 i A8 F (10 £ e 0 AR £ e L)

(f) RERHE SO P 2 6 ORI B s RO R AL 500 1) L AR A7 i U mT DR A XML SCRS T 2ok
T, PIATE XML H ] LLE HHE XPREE, T DA A 7 1 B @ 78 3 b a8 SO N 2% B T IR Y
RZERE AP, A XML A] DAMRZS 5 i SE BT A4 R Ge 18] (45 A B, FI A XML 1) 3 € LR AT
JE A, BT RAF Gi— s AR FRA & PR B R A, Mo 1 B G — 3 1 R XML 38 m] DAFRidiE &
W5, e R LR P E H L SO ek SEELEAT SEBR R X SCRI N A, P XML Sk BAT AR
25, FIT X EEFRBE PRI B & X, BUAT LA B 75 B N 25, DRI, XML BA B S p0 s fd % Fhas g
RIS AR R 5] R B AR A ARG IR H 7 AR,

e % PRIFAR RS FRRBIHAL T07 FAT I AE R B B, 2 5 S5 B AT SRR A, B8R
Rl Agent BEAL, ] FLIERHECR B DL R AR IFAR RISAT AL R B RS T RAZ O IR L — ) IR
RPN XML AT AR Y B v o H 5 N7 s AT 8 B R34 52491 4.

4.1.2 ETZERANEEREFRAESTEERS

PiIEIBATE R AN DI 4 Agent B R, 7 HgATE 3, £l Al . 07 EHEREERIHL

(a) Agent EHIBIEL. Agent EIBIE N T AN EIHF A BLE Agent 1817+ Agent RS
5. Agent A5 %

SN B RO R 2 ORI A 28 B A= (1) 077 3 55 A SRR SCA EAT AT, A2 Agent
LIS

FCE Agent IE1T: MRAE R I N R AL E, ¥4 Agent 7L 2 &N RSN T HL I HI2 4T, 4=
JCBC B S A

Agent RS M Bz T IR IS Agent /{j(juflﬁﬁ':'n/ﬁi ﬁ%ﬁlfﬁ(%ﬁﬁ}ﬁ%%/ﬂ, PLSAT A
281k Agent IRFS.

Agent JB{E M XM HAZATIEFEH 45 Agent Z IV BT Ron L.

(b) T HISATE B, 07 BIgAT 8 B 07 BT il A i), B 4807 HAIT 4R . 85 11k BLA )

PIEHITT AR, A& A7 B BC B OO g BE A, 8 B A5 i b 2R i r] BAZ AT 1 Agent Y, T
IR E.
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(c) Hrl A if. AT EHITEREI Agent 35 EE LK Agent IRASHHE.

(d) #HE R, " LALASI R B TR H R 25 i TE A7 Agent BRI 8 (5 R, JF A7 I & 1
X Agent JEAF IVH BAVIRAS AT RIS,

(e) Di ELAEGH. W LLE N IR ARG B RS B R0 EAHER T A, TR 4R OR st 2 i AT BT
IR,

4.2 {HEZRH

BT VAR BT, AR SO T — AR RS O FUAA, AT OT AR IR AIRAIE. 12 H %
SRR,

(a) FEAETOREAY: $RFEN L. R4 B EaRe 01 L SR BN 0 L 4B ORI BN 0 . EB 1R
NGL YERB IR

JERA BT BB R ] Agent HUARRN TR HEAT AL, K TR P (48 N B L P 4 sfe
P RRE BN BRI B O B OREE N ST B Agent, ARHHKHT 7 B REAL I T
BE, ik 25 L BB ORI S IR L B B VE (AR B e T N S AR Agent $RIFE MR Agent.

BRI R RN I 43R 5 Agent R4 4 Agent, ZEZIRIEA I Agent TRIFLEBIRITZE
# Agent, $RIE NG Agent REUIZRTT RN IA L 42 5, AR FH 423 B Agent KIS 4504
EHN G Agent, HEREEEH N RO TTHMRAEIZAE 55, JFIBA4EB RIS BN 5, e ORIEE BN SIR
Pa PR | Wi 2 LA R AT (I 4EAE ORI AE 55 1 DL 7 A S5 n 4B IR N 5%, Eh4E B RPN SRR
YAz PrPm e R AT 4E12.

(b) AR AR (RAGETBEA | YEBOR PR | ORIR VORI | BB WA | G il el
PR TXRAER AT KPR Agent A5 S, HARAEIEHR EXT O R BEAT 1 AL AEE ) 4L &5

(c) MR AR, MR REENLER. REAMHERES, SRS RSN T, FIRIE
FIFIEE N At. FEAR A | A R A MR AT exp(—At), RS ATFEVE A HIRF A3, 3 2
V75 i SRR TN EE, B E(t) = 1/, R, ARG I SE A arid oy MTBF, FrlAfii2 A =
1/MTBF. SXFE AT DA 325 4 A A AL R p ml B8 L R (e, TS SR S AR REAT bR, A o,
B RAEMBERIMERY F(t) = exp(—At) = exp(—1 x (T + At)/MTBF). %8 MHE 3 21 15 % 3 0]
PRI IRAE S5 L, 25 I SR 55 1 R rh e 2 s, DU A RO 55 2R

4.3 HERS

FZIEHT SR 5, #£ JADE 15 MRS T X e & RIS AR R T & A Agent BEAT 1 SEBIL, F RS
BT 2 o DR B A A U U AR AR T LA E A, X 48 R AT 0.

(a) ReR PRI RIEAT R AL, BIEAE JADE V&M Agent $&4EM T, 7 LA
B HETRG AN Agent, BAELL ID SONARARAT AT R A R i, LRGSR BN A 4EE
EEIN G 4RO HEME ORI B R . A 2D AR A K T XS R Agent. BRILZAh, JADE
AL Agent BHHLRSG . HFMST . TR T AR Agent, A& K17 R ALE B
55

(b) SCIUS e 6 ORI R RILFE AT L. AEREAD Agent 34T MR —MERL AWM, At — AR
BHARTER], Bl RS Agent ARG FAF A2 AU 18] e Ja PP * & A2 O S AR EAT 4 5, B 1~13, T8I
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x1 TRGEMES
Table 1 The results of different algorithms

WaRES 0% BB FEAR LT R4 R R VS Ll EF S
(Methods) (Counting) (Double motion) (Fine and fine) (Fine and quick) (Unclassified) (Single static)
ST B RO
(Waiting number 15.60 5.00 3.50 3.40 4.30 14.00
of subscriptions)
EStANIRSNINIRYE
(The average match 13.43 1.24 9.45 2.28 1.37 4.07
number of all subscriptions)
T B~ S5 hE FE 7]
(Average processing 4.99 3.41 5.56 4.96 5.40 5.02
time of subscriptions)
(Exceed the 26.33 31.55 34.08 30.72 34.09 25.59

required score)

40.00
35.00
30.00
25.00
20.00
15.00 *-
>0 T~ — ¢ ——=
0.00 _ -
H#0ECounting XX ENEDouble motion  ¥&5ZB5K 45 Fine and fine ¥&ZB3KIRFine and quick R~7)ZUnclassified  &3I15%75Single static
—EF1I1J5)%E Waiting number of subscriptions —a- YN TR EISUL AR £ The average match number of all subscriptions
7RI RMBET 8 Average processing time of subscriptions BHERDE IS N Exceed the required score

B 4 (MERFE) TREESRMEL

Figure 4 (Color online) Comparison of the effect of matching algorithm

CYCAE B B A RN BB 4, T UAZE A5 i A U L 0 2458, DK ) B O
PRI I BTSSR R 5.

Agent 10 SUHEHE# 6 ELA A 10, 7 DL T BAREF JADE (9750 TR Sniffer Agent 32
BRI, AT A Agent Z I FAII ., ARHSEVCHT IT, EHR e — BRI E LAt %
o, LU BRI RBHLRG  SER BT A IR o, SRS T2 1) R 030 5 P LA I
ST RERIFIT

() % BRI R ELG AT T IR UT. BATRERR s 2t o L RERT 0 B
AT B R IS — SR, e SRS R AT A, (BB B R AT B, JEA
TR0 T L S ARIF 013 5, IR, SN ARVE S SR Tt C, FRMEAE A A e e
ottt D, WA, JE 7 B S HE AT PSR ITRCH Y b, 5 ICRLR BNt b2 FEEA C, H LR
o BB B8,

VTU L SR 5 (2 L A Bk O R, T B BRI RR IO e R
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Table 2 The results of different condition

A 1EH FORAC REZ T2
(Condition) (Normal) (Low requirement) (More subscriptions) (Less subscriptions)
£ SSURARIIE Ve
" Lo 4.15 3.20 5.60 1.00
(The match number of waiting subscriptions)
AREFRFT B UL AT R
1.27 1.31 1.70 1.89
(The match number of subscriptions without waiting)
SR I AT e DT T 8
1.06 1.07 1.21 1.00
(The match frequency of waiting subscriptions)
e JANANINRY €
1.24 1.29 1.51 1.80
(The match frequency of subscriptions to all)
AT e A ER I ]
. . Lo 387.93 308.96 889.35 102.40
(The processing time of subscriptions to all)
VT 51 S Ab FR (]
. . Lo 3.41 2.99 4.14 2.33
(Average processing time of subscriptions)
SR VT ) Ab FE A i)
. . " Lo 2366.90 2436.70 2392.00 1008.00
(The processing time of waiting subscriptions)
. 31.55 42.25 28.97 37.60
(Exceed the required score)
3000.00 45.00
2500.00 gggg
2000.00 —< 30.00
1500.00 oy
1000.00 15.00
T 10.00
500.00 — ) 5.00
0.00 == = 1000
1E&Normal Z3KRAELow requirement 1J1%)2More subscriptions 1715)/D Less subscriptions

- KERTRILECRE The match number of subscriptions without waiting  ——Z5451I1J[¥)ILEZ £ &8 The match number of waiting subscriptions

TR /MY |8 Average processing time of subscriptions = 2T RFIIRMERVE] The processing time of subscriptions to all
== HEFII1TIRIICEC R E The match frequency of waiting subscriptions BHERDEFE I N Exceed the required score

E T IR I8 The processing time of waiting subscriptions  ~— 2 Z31TFFIIILEZREN The match frequency of subscriptions to all

5 (MEEMRFE) FRIFMA T REBELRITEE

Figure 5 (Color online) The results of different condition

. AR SRR AT B AR 1, PREE RO SCRITT B R 2, 53T BEDR VRS IR 3, Bk
WA 5332, RUAAT IR Bl iR R AEE A P ) 4, 5 WPRAT D AF AT B BER B i 4.1, S5 39T B -
VLG R A AT far it 4.2, Z )& F4EBIZ PTG BIF i 5, 4eB3 T BIT B st o, 4EM2 ot th
7, RIAREWR IS AT i 8.

AR BNIEZ AR T RATT D VLRSS TP T80 . P S @ UL AR L Hsan R
TS BN S R 7 SR LS BN . AP FENEIX 5 FI7 AR Juxt REG. AL D Hot
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6y rP PP b A S R 2 RN TR R AT 5208, B DR A A i 3T Bl 5 o 3 Bl P P4 DL S T
VT B AR BRI A L B EOR M MOX 4 ANTTHEEAT Y. DA RWER 1 A 4 s, BHRTHEAEA
B30 MT A SR, BANFIREAT 10 RBCFEME. B — 0] LUTE H T 2o m s 28 (10 38 UL e
SEVEAEAT B R 90 BE Lz s AN U AR — XU, N FH I P D S92 AR I — 2 2 A5 (K03 Bl 0 5 ZEHEBA
Ja A REREAT YRS, K AT IR FARAR, 10 HL b AT B MR B B A A S Bl aw A,
T =TT BUR HONEE R VLR e bR e AR, DLEC RS I TR AR T Al 5 k. U BN XS
LT AT DA bR . TR UG f b B R B 50 0 AT . B fa NS DU T AT LAt BT XSV R e k4T [ DT
P S R R AT, BURAR P20 BE T D BEOR O BOE 2, IXRAT AT I 5 Al at ML . (HR R g AE 40 7>
Ry B e ik — REIB SR 70 B T e vy, BT AR UL C PR FE AN DL RC AR, — et T 3 i
AR SE M. 45 b, WEEAEVCECARIS | 8 A, A BRI 8] Eimsm e TR ge VL e 5k, ks 7>
R EEAERS (8]« R o BF LR S VR B TH6 4070 8808 AN 7 B,

TIINASGENS WAREAEA A AT HIRIUEEAT 7 007, 70 w2 7 bl ok 55 2R I | AT T ZERAK
W2 AT 4 FdFOL. ik 2 A& 5. ] L, 3T B isb « SR A UL S 592 O ROR 2 B AR
U, RZAMERES AN TR, ERARIRE TG 5. PR ) 8 0 R Sk i ROt & 1
KAGIT B UL BCERE, 7EAN R B2 T Bl T RE MG 8 5 X 3 T AA 1T PN R 4.

AT HARENIE T WSRO R B AT, RENS B S 5 & A AT B b A5 B UL ECHI M RE, I 24 5% A AE
— eV A AR R IR ARG A Rk, AR R T B IR EA R H .

5 518

ARSI R R ORBEAR RIS, SR T HET 2 Agent ISR IRIRIK RN EE 507 57, ¥t
1A% DR B A AR B AR S 1 I i AR 5 L N R, AU JADE JHRF G5 172 T 2 B RER N
BRREARERGET G, W& 7 MRFEE R RO AT G #EAT 7 RAEA#r, ib4
HY 7 0 B A 0 B R IX — B (K A AT T DL S

S 07 F R HHE 1 3, TR 2 RE A B A DR R AR R R 0 L AR ATAT Y, R
RMAGH B Agent FZIETSEIE KIS TEANIT N IEHIZAT, #ILHZ Agent RGTAEN Vi 76 L3
# A RIRIEALSS, IF RA BT RITERESRIR. T — 0 AR A I T RE A A K AR 46 PR P ik 22 458
A B BRI AT FT S R A AT FUBAT I T AR E PR A A
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Modeling and simulation method of equipment support system
based on multiple agents

Li KOUY, Wenhui FAN', Shuang SONG? & Lili YIN!

1. Department of Automation, Tsinghua University, Beijing 100084, China,
2. Department of Communication, Beijing Youth Politics College, Beijing 100102, China
* Corresponding author. E-mail: koulil3@139.com

Abstract The equipment support system plays a decisive role in modern war. If the actual equipment test is
used, the cost of time, manpower, and material resources is higher, so the modeling and simulation method is
more scientific. However, as a complex system, the equipment support system has many components and complex
interactions, so it is difficult to reveal its characteristics by using a simulation method based on the discrete event.
Therefore, the emergent properties of the system can be revealed by the bottom-up and collaborative autonomy
of the agents through a simulation method based on multiple agents to model and simulate the equipment
support system. In this research, the simulation modeling of the equipment support system is carried out based
on multiple agents, the architecture of the simulation platform is constructed, and such key technologies as
simulation operation management, time synchronization, and data distribution are studied. A publish subscribe
algorithm for a two-way dynamic rough linked list tree is proposed. Finally, through the prototype system and
case analysis, it is proved that the modeling and simulation method based on multiple agents is feasible.

Keywords multiagent, equipment support system, modeling and simulation
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