Computer Engineering and Applications HENITASNH 2007,43(29) 235

JLT HTCPN [¥) ©pLYEfe O Biiid i s 15 iy i

TEEVHERVETELE KR!
WANG Yan-lei', CHEN Chun-liang',HAN Xin-feng?, WANG Sen'

VAR TR ARG HORMRIE TR R, L5 100072

2 R, AR 100841

1.Department of Technologic Support, Engineering Institute of Armored Forces,Beijing 100072, China
2.Equipment Department of Navy,Beijing 100841, China

E—mail : wangyanlei666@sina.com

WANG Yan-lei, CHEN Chun-liang, HAN Xin—feng,et al.Modeling and simulation of aircraft maintenance support pro—
cess based on HTCPN.Computer Engineering and Applications,2007,43(29):235-238.

Abstract: Maintenance process model of aircrafts is the basis of the research on aircraft maintenance support system,and the
maintenance process is a typical discrete event system.Hierarchical timed colored Petri net(tHTCPN) is a powerful tool to describe
maintenance support process of aircrafts.The modeling method based on HTCPN has been introduced in this paper,the mainte—
nance support process of aircraft has been analyzed.The model developed on HTCPN by CPNTools has been given,and the model
has been analyzed,which could provide references for researching and optimizing the maintenance process of aircraft.

Key words: HTCPN;process;model; aircraft

OB RIS R IE S AT AR R AR RS AR IE R G 5 E AT e el A M B R %, BRI & & Petri M (HTCPN)
B SRS R OISR A T A, XA T HTCPN 69245 %, 947 T R AL Lf51REid £2 £ CPNTools -F
4 b, 5 T AT HTCPN 8 CAHLEMSARFE T A2 AR | SERI AR AT TAT AL, 40 T AT 48 1, A B A CAULE) Gei5 R 3R AE T 8,

HRAL AL AR AT B R FORILAE TARIE
S s HTCPN ; i 42 2285 AL
SCEG:1002-8331(2007)29-0235-04  SCHkFR G : A
1 39l%

BRSNS OB R I SR . PR RS
TRERFIE , X0 CALAEIE ORI RGN T @ a k. CALE
A ORI RTE R T ORI LSS I BARIRES , fRIIE KAIL
RE LR R, DUE T/ L35 AR R ERE T E 700 — R AU
ARAEEEZN , DL PRIEIX S E Bl R SE i I 75 i 4E 4
BRI R 4 SR E ZRIE S, 22 LAY RIS R 1
VRIS EIE LR 148 (A4S ORI R BERENE S
I R A ) 5 SR S TR AT IR 55, LT T s, AN KGR %,
RGN, AR BB ORBE RERENZ O ER . TaisEH
HARFEBO CHAHE IR ARG TRORSGE , B A
B CHLAEE R bE RS T A, S 5835 fE
By RALZEE R PR A AR R S A . W R AR
TSR UL T X AR TR, A AR A FR
A EEZEELA

KA LRI SR I R R ) BB RGE , W TR R ST
17 EL LAY H B FR A 7 VR - CPM/PERT J5 1%, IDEF3
J7i%, Petri W7, FETIE B BHALIMLE J7 L5502, Petri & —

th By 2545 TP391

TRl TR RBH SRR, BA EW . S 1ER 5 RIS, %)
TR HTA TRBIH P b [F]I, Petri 19 SR 1€ LHY)
HeE %, R TEEEIFE R Petri W50 J7 1A AR BE BT H
THFSHIZE 730, AT T3S0 AT A0 0, o RiG )i
RRISRAH) RGEPEREMATRE ST SCTHR(3 , 4RI FAFARIE Petri
WIS T AL PRI AR, (H T FAF AR IT Pewri [ EHLES
e B, AR 2 E— BRI AT RE T . AR RS R AL
18 PRI I AR BORE A5, )2 DRI 45 €8 Petri 19 HTCPN (JZIK
WIS €5, Petri [9) ST T RALAEIS CRIFIS RERERY , 7L KL
B ORpR SRR IR S B R M

2 LT HTCPN M&EE ik

Petri FIRRIEHET 40 ARAESR, K T LR IE FIHE
B RN R F ARSI R FET Petri AL
AR TR AT H & Sk A AETE E SF T
SRR RS, SR H TR R B TR — ok b
£ 040 7 FATUCR B SR T R GRS 00T, Petri 19 24500
FARATEA E YRR O IS, REEGA , X 44 HTCPN

PER T : TEEE(1980-), 53, URIB, T2k R 5E7 10 A PRAE R GERRAE AT Petri RS R R (1963-), 55, 3%, /S 9007 [ A S & PRI 55

B EhTEE (1978-), 55, RRIW, W57 1) h e (b 52 4 .



236 2007,43(29)

Computer Engineering and Applications T+ BN TR 5 M

¥ R X

—A~ HTCPN J&—A % 584 ,HTCPN=(S,SN,SA ,PN, PT,
PAFS,FT,PP) , Hi:

(1)S 7T (pages B IRES , Kb FH—TT s e S jt—
A ERREBFEE S Petri [ TCPN, HA&—TTA B JEF AP
PIEAAEA, B

V51,8, 815,752 (PyU T UAg) N(PoUToUA g)=0];

(2)SNC T RIFRRASIE (substitution nodes )H)ES ;

(3)SA JETI4rBLER %L (page assignment function), A& M SN
FESCE S MRREL, T HARA TUAS R B B T 50

(4)PN e P &3 1745 55 (port node ) AYEER

(5)PT S5t 1 257 (port type ) BRAL, & M\ PN %€ SLH{in,
Out,i/o,general}ﬂl‘]g‘l}ﬁ;

(6)PA F2:¥iii I 43 i R 5 (port assignment function) , & M
SN SCHRFR 7 s 11 5 s R ek R

OB RIS V5 BRI

VteSN:PA(1) CX(£)xPNgy(,)

(2R JBE Y7 A5 RAT X R 28 Y

VieSNY (p,,p,) e PA(1):

[PT(p,) # general=ST(p,,t)=PT(p,)]

@R IZH T s B AR B O A dR F R

VieSNY (pi,p,) e PA(1):

[C(p)=C(p,) N(p,)=I(p,)0];

(7)FSCP, Re— MR B A £ (fusion type function), &
I 82 HLIY ST 3 BAT AR ) ) B A 4 R k5K

VfseFS Ypi,p.efs:[C(p)=C(p,) N(p)=I(p,)}];

(8)FT REEAZIIR L (fusion type function) , e MIBEAEE
7E X F|{global , page , instance} N PREL . TUHEA 17 ARSI
BeE W EESTBT—A 0. Vs e FS:[FI(fs) #global= s e
S:fs CP;

(9)PP AR TT (prime page I ZITCES;

(10)R A&— R FIFTHARIA;

(1 D)re JAEGHTTE)  roe R

(12)C RBEES K — NPk, C(P)={a,, -, a.),
u=IC(p)l,i=1,+,n,

F HTCPN SR RALAERE (R I R B n S b S vT LU
HZ RIS RO ACH A, S )RR DR A Petri 9
PEREZHTINASIE , FIBHEA SR D IR AN ] o

3 RHLAERE IR B R S B

VER—FE i S EoAR S & , KL dE R R R A A
EYBE AMXTTEE 1E LA B 285 ) AT S5 TEIE
2, AL SR A S YE IR  RBEBEIESS  X— AN
A GRS EAE AR , ey i AR X AN S AR A 14 3%
HDR, A CHLAE S CREE A P i T B — . X —
), T S CHLA A ] SRS PRI FEREA T /04T o
RAHLAY A S YR CREE AR AR RE Nt ATl
% e ORIF RS VY R, o S MR LS T T
R

TR AT IR QAT SR AT HE & IR e A 55
BRRALSSTFAAHT S A ARG , 4 PRI SO RSIN B 2 AT 55 Hh &
PR AT 00, S e 3o PRI T TR HOMH S DRFRe 7 UL, 77 LA

THRZZ AN e ORRRE . FESERREY R 4R IS pRIEE R, h
TR R A BIREHLER RATAE 5500 AR, 2 TR
FHEAEH AHE A AT . A 1 PR RATAE S5 BRI 58 1A
W R SRR , 72 RALBO S I FILENE 2 18], FEAE A XS A
GYE RIS B ITES . IR S54RTR CALES AR RALR
BULMAT — AN ESENF R pR SR . PR A3 R B2z o) AN E 6
A, AU P R ARG AN RE A BAR O 45
SN AL 2 OR PR AR A AR R R AR B

4 RPLGEEDR B TR

LA CPN-Tools V&AL K f/i H~F- 5 , CPN=Tools #&
B R 220 Petri B ZE HOOTTF 4 B Petri [ A4/ T
B, I EIE SR C++, XF Linux 5 Windows #ER S, X3 )2
ORI 3£, Petri BRI 704 , Sk P&,
4.1 RPLERPR P FL I 2R

W EFR, AR CREE D FR TR 2 AR A 4G DY A 3= TEAS

e, miE 1 R,
Fly
'l‘rinin

8P - Fira
@_> Training
| lan
[ |

B —
| Trainp |

Maintain

BT R BLAR I PR B P I 5605

Hp ZERTWP FRUIIRIR S B 2R ’AL, 8'p FTomH:
MITGRRA 8 42 KAL; Fly RS I ®ATINZRAE) AL MT 2R
P BT (R IR0 L FP SRR AT ’L; RDp FR&id
IEFFNZAED PRFRINAL T SE0PRASE) R,

TS ARIRAS B CHLEEN KAF U2 1 %G (Training
plan) , 45500 CATINZR SHEA ERIFPIR Y o BEAT RATUNZRE) K
PLEE I B AR MR, TR AT CITESS , A i i
FP RN , PUTIE CITHESS G HEN MT SERR4EP (55, N
FP i KALZT 1B (Repair) JG#EN RDp.

4.2 RATINZE iR e

RATINZRTH) R L A T B, R B e RIS R €
LA A CATUNZR SHEY PRFE PR, A 2 o, B3 il g
R R RATIRSS S s s s = MEIE

P Fly
QP miss\iun

P Preventive
Maintain _@
Pl 2 RATUIZRITR) B

4.3 RATIES5 FER
AT FREHAALRINA | RATHES | CHLR I =AM




Ir%E AR BUE, % . AT HICPN W WIS REREEE R 237

JEPT FF SR s AT CITES5H) RAL, 3R FI S/RIETE © AT
B EHL. sl 3 B

Prepare |

H

I Prepare

3 RATIE S5 TR

T HEN CATAL S5 TSR RAL, Zoied 38 BEAS I (Test) A
FEHOFEN RITHORIE S (Prepare ) , ANEASHYZEN MR KL
(FP)SEFEH. 58 RITESRR B L Back) #EN MT S515F
iR

RATHARME 25 (Prepare ) 2% FAEHUR IZ A B bbb 55 8 22
HASE IS HRIF IR 4 FR.

Fr N
5 >
char char char char
ch char e ;
Pp Pp
ad il ad ad
St | ad ad Ov
Pp Pp
lo lo lo Io l
1d lo
Pp hg Pp
tha Pp B
hg
hg

h _>._/
g PR
Pl 4 CArEEAR R B

RATHES IFAG (Start]) 5, RALZEN & Fhifl &5 20 9K, (U5
Charge,add, load fl hang, SRt . RATHE R A “ 7 E N
DU, T BB/ Charge,add, load =AM BT L [H] B
HEAT, RIFATHY, 1T hang DAZIAE load 22 5 #E4T 55 load BT,
4.4 4R PRIR B

YA (R IR E BRI . S ORIFA R AR
(&I ) o CHLZR IS Telsbs A T IR F% AT BEN FP
MR dEs . Hr, (R B Maintenance €48 brush,
wash, change , charg VU4~ EBASIE, 4 5% B KHLER SR H D)
CHE ORI AR, 518 4 2840, o brush, wash,
change = A IEOT LLFEAT, T charg 75 BAERT =W SE K2 G
AT
4.5 (BPL B

16 B AL AT HEAS BRI 53 BT (LORA )\ — R ZEAE (1lev-
elRE) , ~ZHEfE (1levelRE) B BEZE W (Over) JLER 7> W] 5
PR

B KL FP & et N LORA, i E G B (AR S0
PR —ZGRBMERR) SR 5 o A T A B, 45 R S A4
R5EF CHL%E S RDp JEFT .

FHorr, 5200 LORA (BB A 25 R A AR %, 5 v
MELLPE A R AL 2  AH RS 0] DA AT 45 R A —E 5%

PETRATF A TR A0, X AR RGE N — 50 CHUIR
UL 30050 A0 A TS A LT

P=(x=k)=( 703" (1-03)""

— IR NEFR S AL AR L, X A — B
RERIANIE] 6 BT /R

INT
Dlevelre

K5 R Ek

Transport
o

R )

—
[t

INT INT
o —ZRi&pl "2 riih

BN 11 B R OB T — B3 . (B3
#&r (ST PR VUG A5 #5301 i 2 (Material 1) 55 4 A& B0t i &
(Establishment )] BHHAT . 4B EH NSRA R 1] DL 2%
i (Apply), 3125 (transport) J5 B3k 3 BT, oA e & 104
[ A it T ARSI 2R FE 1S Fom (R @)  ZEP e &
HB 58 % LG A T 46 TAE (work 1), 1838 B9 K HLAG 2% & RDp
JET .

5 BRI

Petri [t T H45H  SHORAI GRS PR IR B A ], vhi e H
RESHAS LI AR . TEH] Petri IS , ERT LA
X RGEHATRFE AT, G SCPR R . X R THE
PRSI R A A A ELR 7 R EA TR . CPN-Tools 3ZHF
RIS S .

I AP R B8 I I LLS R PRI , B LLO LSRR
TAERINGTE). AT RGBT LG  F AT LU R GE0
TREVEREEAT ARG o a0, TR AT — 4RI BT
THOUT BRI T 2 R HABAT , BRI e B AR 1

R EEE .
Ho
T BN 1 A RHLEN IR 2 5

T RN | IRUEE ST AR N 415

T BN | B KL IE TR AGI 25

1 RN | L RHUBIR I %5

L ﬁ%% i %Kﬂéﬁf@lﬁfﬁfﬂ L =TT
1 RN | S RHLSF LA BT ) -



238  2007,43(29)

Computer Engineering and Applications T+ BN TR 5 M

A1 B SO B

T, T Ty Ts Lyi Lo L 1
2 0 2 11 9 0 0 9
3 11 11 13 2 8 0 10
7 13 13 20 7 6 0 13
14 20 20 25 5 6 0 11
17 25 25 43 18 8 0 26
20 43 43 46 3 23 0 26
35 46 46 69 23 11 0 34
61 69 69 83 14 8 0 22

T~ Tais Ti>Ta

L=

0, 7,<7,

ta RN B ITCERFES | 20 LI )

= [’T,,i—Tn s Ta>Tr
0, 7,<7,

REEF Y BT 8] 1, R 15 MR B TR
WRIEN, AEEH SRR e o, R T 4EME ST R A
R TR T LU 55— SRR U T OO T
VBN HIESH NS

UL ) 7=, ;

RHFERG S TR 7= s

wi

WHUP ). T,

s T T S L) 7=

UL ST RE  L=T, /T,

Yol BRI A =T/(T4T,).

01, by T A A S Y IR 7 5, A 1T B
ot L R e R B TR R AR B TR PR 2R 5 L
TSI K2 I A 7 .

120%
100%
80% O SRS
60% W 4T R R
40%
20% ) I

; Ul BT A

— . = Iy

B 7 s on RS FE TR A ISR 2

LA, YRS RO 1, P LRSI
ALY, MRERRAE A SR F A 11 L BT
TSRS, ANRERS B LI A ZEAE | 5] I 4k A8 BT TEAS
TAE, A A WIREERSIE) (A 2 100% ). UZEMEHOCERIRE] 3
i, P2 RHLERFAIHC S O, Wt st pr A KAL) Ik R m]
R AT, MRS B TTRI R 2R 60%  HEfE e
IKF 4 W, SF 2 RHLEERFA IS EE R 0, 4 BT R 2R 20k
40%.

6 i

WL B LA (RS AR Qs T RALAOAT S5
SE FATIESS e RIS RS TR N 23, il RHE R {5
HiEAT, BT 3) CHLER & se iF 2R B N D45 (e i 25 A
HEZ, LIR MM & IEI 555 . 45 G di R 5175
BLAER, T LU A i A AR R B 2 DA R UR A
A ), DAk e fR S AR B S e ol i ik, ol
KHLAEE R IE— 7T, TV S RIR E R R R H
B RGT S . (Wehs H I : 2007 42 3 A)

5% 3Ok -

[1] SRAET SRR T ZEH WL SR TR S M) AL at: BT Tollth
fitt:, 2004,

[2] HHAE. FETFIRETA €4 Petri M2 IS RR (1] SHENLDTE,
2006.

[3] TEBLAET Petri PIIZEH] GBI L fr I US| RPLIRIESAR
HEBEAR,2005(12).

[4] RPN ZE F QAL Oae 7 FLAARLD | T2 A2 5 TR, 2006(1).

[5] Jensen K.A brief introduction to colored Petri nets[EB/OL].(2005).
Meta Software Corporation and Department of Computer Science,
University of Aarhus,Denmark,http ://www.daimi.aau.dk/~kjensen/.

[6] Jensen K.Colored Petri nets:basic concepts,analysis methods and
practical use[M].[S.L.]:.Springer—Verlag, 1997.

[7] Kristensen L. M,Jensen K.The practitioner’s guide to colored Petri
nets[J].International Journal on Software Tools for Technology,1998.

[8] Jensen K.CPN Tools occurrence graph manual[EB/OL].(2005).Meta
Software Corporation and Department of Computer Science, Uni—

versity of Aarhus,Denmark.http ://www.daimi.aau.dk/~kjensen/.

(k32224 50)

2% 30k :

[1] CLERC M.The swarm and queen:towards a deterministic and
adaptive particle swarm optimization|C]//Proceedings of CEC 1999.
Piscataway, NJ: IEEE Press,1999:1951-1957.

SUN J,FENG B,XU W B.Particle Swarm Optimization with parti—
cles having quantum behavior[C]/Proceedings of 2004 Congress on
Evolutionary Computation, 2004 :325-331.

[3] Sun J.Particle Swarm Optimization with particles having quantum

[2

—

behavior[C]//Proceedings of 2004 Congress on Evolutionary Com-—
putation, 2004 :325-331.

Eberhart R C,Shi Y.Comparing inertia weights and constriction

[4

—_

factors in particle swarm optimization[C]//Proceedings of IEEE In-
ternational Congress on Evolutionary Computation, 2000, V1:84-88.
[5] Sun J.A global search strategy of quantum-behaved Particle Swarm
Optimization|[C]//IEEE Conference on Cybernetics and Intelligent

Systems,2004:111-116.
[6] Sum J,Feng B,Xu W.Particle Swarm Optimization with particles
having quantum behavior[ C]//IEEE Proc of Congress on Evolutio—

nary Computation,2004.
[7

—

Clerc M,Kennedy J.The particle swarm explosion,stability and
convergence in a muti—dimensional complex space[J].IEEE Trans—
action on Evolutionary Computation,2002,6:58-73.
[8] XL/ IRIETER SR 0 B )] AL 50 S LR e
#12,2004,20(3).
[9] XA, XS RANIR ALK THLES N RGEHHR P i B2 1]
IRE TR, 2001,22(5).
[10] 5K, skAe, EF 37 S B B i A 51 S R ()] I R R
541 ,2000,32(4) : 59-61.
(1] AT, iy, B RS L R SOt T e R SR P S 51 .
RIAGE2EAR, 2006, 18(1).
[12] ZE0ENR, 763, T — i 8 7 S it AR ik S HAE R R
SR A B D] 22 B TR A2441 , 2006, 32(3).



