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Modeling and performance analysis of the emergency rescue
logistics system based on Petri nets

YANG Mingxin, WANG Min, QU Ying
(School of Economics and Management, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018, China)

Abstract: In order to more effectively analyze the performance of logistics emergency rescue system, based on analyzing the
characteristics and main functions of the Petri net and its advantage of describing asynchronous concurrent random image sys-
tem, this paper introduces stochastic Petri net modeling method to establish emergency system model on the basis of serious
natural disasters or emergencies, and analyzes the performance. Firstly, according to the emergency rescue system of logistics
flow chart, the Petri net model is built, and through the analysis of accessibility, activity and safety, the validity of the model
is verified; Secondly, the Markov chain is constructed using the characteristics of isostructuralism with the Markov stochastic
process, the linear equations is established, and a numerical example is introduced, reflecting the problems of the system
through the quantitative analysis of main performance indexes. Finally, some suggestions are put forward about the problems.
On the one hand, this modeling can vividly describe the sequential and asynchronous concurrent relationships between the
processes; on the other hand, its mature performance analysis method can effectively explore the key links which have signifi-

cant impacts on the operational efficiency of the system. The system analysis theory provides a feasible method for the analysis
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of system flow, and the proposal provides a theoretical basis for the optimization of the entire emergency logistics

rescue system.

Keywords: logistics systems management; system modeling; emergency rescue logistics; Petri nets; Markov chain; perform-

ance analysis

FEEZARKELMBEANTENERZ —, REMES, REFRR, W0 2003 4/ SARS H#HR L,
2008 4 B PO R MR » LK G R B Sl 98 41 3 B R HR .2 B R4 #0587 B RH A R AT 0 7™
RAMESHE R EBIR EMEENFRREFHEREERTERWEIYRTR. MaPiEEE
BB IE) Y DA Sk SO A B W B /e SRR e R AE S BT 5 8 i SRR B AN B R B W S B T Bl X
B R K BT B W)W SE N s e i B A A R RO B AR, B SRR AN R R L
REBLYE M R E RS R R. RS IRALRN T R RV T K YR AL & YR
TR WA PR ELEASRAALRKR LA A EERNANLEE, BRRZEZENNIYRAL
BEAT T RS . (R 2 J5 IR T30 BB 88 X T B0 B 2V R G B 72 » 2 Z A0 35 I 2 R 55 A o 6 Ak ) A B 3
Wy B W K [ A L 2 ) R A L R

TRE S T 4R H — R T R O Ak ()R VR A R ORI RS O T Matlab 804 3047 5K % 1
B HRKHI SRR S BE LA TR T O B A A DGR B 78 B R B 2 R A3 43 BTk X I 2
T O B hE ()RR HEAT T AR AN A3 T A L SR D A ROR R B RL 2 B S B KT . RS % B E
EHHERLSZRAFTREEABENFHEREN B EEFNZWE, WETHETFREGTHMLIY
i B AR AL BLEL O P O B AT AT B RAIE B B A R . BRI SERE A R RERB N2 Y
TR PR 7 il B S — B R T N A YR B REAL ] o R E A A MR T R RS RAEH
SEUVEE X LS W B 6 1 AR P ROR AR B S E N E MR AR L BRI R TR S S LRI B B 2 Y R K B
BREE ISR X TR R R FAF T BB S Y RC 3% D 3R ) R B BB A B N 5 S R B 3. Tl e 55
75 S8 B 1E A [7) M DX ST A 0 A Y O RN » AL A ) 0 R R ) S P P R AT S A O B AR L AL T —FF
L SR A PR AT SRR P-o AL BE b AR AL . R GRS B T R MR I S R AR TR X
B S BRI R, LU IS R 48 81 5k e /MG o B AR PSONIW B3k i i Bo A BY £ 47 5K i o0 #r . SR IB
AUV S T ) S 2R P 4 B B 2 T AR G 2 U L 2 32 TR WD R 4 T TR RS A B 58 3R 1 S R 4%
PR 3R 2 BRSO T . 5 b 7 3 0y WA L [ R ) 3 40 2 AT » O 3 0 90 AR R T 3 5 e DR B BF 5 T 1)
MR ZE EXER R SWRMET 2 RARBAEBRNOT TR B /I AEE,

B B X B2 BAR R G R BT ST, N S AR 5 0 s e Ak B AR AL R B AR A4 T AR B Ak, R E
R BB R B9 BL S ) BT VR BE L BCK R RBUEESE T S R BOBILAR] DA S M B A A B SR SR A T Bk ARl H
XA R WG SRR TR 2 RERARAEFTHE -, MAEHTENRE. B TRERE
A B ) i R REBF AR R A E M, M S YR B BERERBEEL I RER, M Petri ME—
ANE TR R R B RN S TR, BT R MR B RE N ST, N R GRS X
RERYFEAT PR BE 7 A7 » 20 T WOF BL 3R T 7 Bk, SR B AR R

1 FEHL Petri @ B8R &K% IBig

1.1 P&E#L Petri M EXRE S

Petri P42 20 42 60 B R/AR « A« i B AR, BN BEBOFT RENBFRR &6 TR 7D
B IR TENRGEEE . BN —M A LA B RSN R, F B — M E g AR
B FE N 52, X RE AT ABAAE DA Petri W HE IR B9 R SR AT LA SC 3L,

— R RGEA TR B RRER TR AR TR, Petri W AR TTR MBI ITER 73518 P
T, BRAPIERNRZRRLR F. Ho P ILREIEEFT Place, 78 Petri W i 6 R 58 H 1 R IR AZ A0 17 B AR 0
B 7 Petri W o A B B O R 5 FECFE R A B R IR A0 5ok 304 . 7= i DA R TR VR & BIE RER
EMALETHE RS M Token, i M RN, ERBEESRERSBHUARNER,TE Petri W HE N O@KT;
T LR ZH8 21 Transition, R T HFREN A& JHEFRES B EMG, 7 Petri M ARO[ F



%3 AR, 4 - B 2 ) B R R GE A Petri MERME 5 PEREST 7 271

A F BRRRFCSPXTUTXP), ERANERSEEZEBRR, BT SHERSH U, &
Petri P i 1A I I—~FR . B 1 24 Petri B, & 2 RPEEIT 10 JFH) Petri W1,

B 1 7% Petri W B2 #MAEitt, 50 Petri M

Fig.1 Initial Petri net Fig. 2 Petri net of excited ¢,

1.2 Petri MG EE 4

MAYIRBEREAR THEEYRAL, ELE—THBENEBRFHRE, EHFHFRIREH BN IS
ARG, K A R B [E] 18] B9 AN B R b s N R RO T8 Y B B AR A o L O A R R TR K L BB R R
15 BB PRI K B R AR ME S B X — RN (B AR TE DR RN M R BAR RS . AT RIEREFHRER
RARE RIS, AETNRRUK RS BB 28, FEXN REHIT RS HT. 1M Petri B o 32 4L 19 4
BB BT s, ANTFTSR A S AT AR B R etk VA A TS M BB DL R FE AL Petri B4R 1Y T /R BT K 45 BE ML T 72 B
AT, AT AN 24 BE X RGUIR S HEAT W IR I , (5 3R Gt A9 9 ML 7E 18 17 BT B0OA 20 ¥ 91 2o it &4 » AL TTT
BRAEIRN AL, H Petri M ZREHITEENENET AN RAEER. REREER, MBS RE.
%K EE N Petri M EZARME, B AT k0 A B0k (22 M) R iE v & AT,

DA, WRERRAEREEEGIE - TEENRS, BMRA RGNS EENERM . HHEEAF
E— N L LTI o, FRPIIRIRIR My & o LHR B M, AR R M & B M, 7358, M 2 M, #5445
L8 My [e>M,

DEFE., ARAERB—NEMERZBIT S BT RRENERXFER. W TF—1 Petri RS, 4
FEECH 1B R RFEREZLN, e _RARMENRHRRE . ELBREIT S, LAUE A BT B2 BEE
MRS TEHNFERAHEE URIERZEFBITMARER L. WE 3 Fix.

DWEE. Y HACY ABIIEIR R Mo 3B R —Fr R &, #R AT DU & 3047 3 — 28 1 5 91 1 B 48 ) 3l 4
—ARFE BRI Petri MAGREAENEN ., BHEATRNAE T ESHAELUAL, HEHA, NS HE N
RAEMSH S, Hit, ZERH-URARAFEEAIEUAZ LA, HRRAKEBIEFB1T. B 4 HFEYPRE
T B9 Petri WAL, 2, 12, B ASEBRR,

B 3 Z&4& M Petri W B4 KRS TH Petri AR
Fig.3 Safety Petri net Fig.4 Deadlock Petri net

1.3 Petri MEgED TR
Xt Petri W B HERE > T3 T 5 /R A] RFEVL L2, BEAL Petri (W 5 B 8] % 22 /9 T /R °] R 4% 2 [ A9, B I



272 o BBk % E i 2017 4

TUﬁﬁﬁﬁ&%ﬂ%mM%?ﬁ%ﬁﬁ&ﬁf%%»ﬂ%%MamﬁMCm%%%&%%%%%ﬁ

FTHERE S #T

ENX  BELEREIFEHL Petri B SPN=(P,T,F,W,M)&—"4 P/T RE A= {142 s A, ) AT
LHEEBRES . L BT € T T3 LH 3R, R 78 7] S 1% 50 T 547 B 18] P 5 2 58t ik 4

SR SPN 0] 35 B K H A4 EARTE A9 SE AR IE £, e A L 359 S 3 2R A, (B S AR 1R A M R A9 o
0O, Binr g MC

2 ET Petri NHESMRRIBEBRZEE

XN AYMARESERE - NERNERE, FECREN SRR E EROEE HRARWRE.
BFEMBERB U EM AT RO E . £HF A Petri W4T 84K 22 B 0 T B 05 S I {45 7R BB
BRAY R GE R, T L E AR T AR BB R I R G AE B9V TE (] I B B e AR RS B S5 M AT BB 407 . Petri
W RS R AR T SR A, AR ET SN R SR EERNER, WARRE M TR, F
BT BT AR BN BB R RS FISE B A R, B LR e L IE R AT ik
2.1 MRYRRSGEHBRE

MR FFMRERE ST R ERR O RSN, X A O AT R E R R W, AR 48 K S E A R
FIREIITRIUAT 3. R4 T RERKER NS P OE N & 4 K E K #3355 57 B i & B & 0 5% i
H AR, A FE IS SR 2 L IR K R K R MBI LR R R B E BB R R, R
RREFMNZWMEEME 5 Fiw,

2.2 ETFPetri MM MR AEHBRIEZER

HRAE & 5 N 2 PR I A S Petri PBERLJE I 28 35 5 B 2 ) i ROIB R GE AT @A, 1R 6 T .

BN SV MAGERERBZ M RR, EEXN LT T Petri W R &, A 484 2 K F F i
filt R AR B 5 43 BIXF Petri W o P2 i 528 5 1 & CHEATUAHA, N3k 1 FIER 2 FTom

%1 Petri MAEREN P X FH9
Tab.1 Meaning of variable P

300 JE R X 300 P& X

Py KERAERB Po EZ BRI B

Py HEHLFRBRERE Py LR XENBNAEE

Py H bt Ay 3 i S P, R MR B

Py Flbrh T gt P St WP AR B

Ps F e I it P B 2 BAR T AR A U H0 H AR

Ps VA= 7/ b SR P VA =D S Pis BE S Bl TAEBA BB B B AR
Py T B B A B AR B Ps BR TS HRE L

Py Lk €A P S Py TR RS SIS

Py oAb R R A BB AR B

%2 Petri MERERE T EEHY
Tab.2 Meaning of variable T

T AR EF BRSO Ty JEIT I e BR TAE

Ty HU T K E R Ts JiA S

Ts JA BB SR L Ty H b7 B S BUR R T A B B B AR
T, R ERRSBE Ty 58 B

Ts T R AR Tn PRAG T B R TR

Ts JEIT 1 FAE T AE Tz IO B R B AR B Rt




%3 WK %6« B 2 W) W BUR RGEH Petri MEAR 5 P67

273

3 NMRWR RS Petri MER RS

Petri ¥ )P 68 43 B 2. 45 7€ 4 43 1
FE BT . 26 5 16 B B /R T 5K B ALEE X X
B2 YW 2 Gt Petri RAS T FE4F 4347, H)
Wi H RS BA kAR EEH.
WS, EXZEB RS,
TCHR[12] 9 XF Petri B B8 (9 43 #7 15
B HEZXBARAE T EEHITHY
B A X BATRE RS R
I8, B8R 4 B E R0 B IE A 38
bro BT, EEIABOIBTEH
943 BT » 73R BB RS S i il
ELBIA A EBE IR AT IR, B
R HrIE R B 45k
3.1 Petri MK EEDH

B & 6 A, B S YR G Petri
P A5 B ) 454 BB BT L 9F R LIRS S
G5t B Ty, #0 T,, T Ts F1 T, 23R
WEEMRXR, T, M1 T, ZIEFEEH R
ROHMZAIRFEHRFR . T HTEM
RS, G-I EE AT WA R
PR BT, R B 48— TN 2 B0 T AR A9 58 B
HEE—ENE&MF. FEEZTEP B
AL S, BB B S RO i R A 51 5
HRBE & A, N A REE TAE AT LA 52 AR
3.2 Petri MERBHWEESH

ERSPRETS/RATREIHITH,
HRHE & 6 1) Petri WAL [5] #4 MC, #1145
ANSEMEARIE T, e B SE i AL R IR R
Aisdzs Ao [F BT A Petri BAR EL Y
WtAFR IR R M, = (1,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0),Fm P, FH—4
R ATHEEHE. K M Lk (D, H
&SRR ERR A RE, HmA N

IETEYE

!

‘ﬁ%m%%ﬁ¢b %

HIBTREFR

H ] E7]
[ 3 [
bl % %
1 1 T
% % i
x %x x
& £S EY
£ % %
7 % |4
| mgmasEse | IEEETEE Y
v i A
v R2 v v v v
B i E H T £
& 73 P it % P
) # 1 # 1% %
o & [ [ 3 S
i I3 % # # 4
L B i oY P i
7 BA A BA BA BA
1 7| ) 5 ]| 2]
1 1 1 I 1
T 1 1T I S 71

Y
| %ﬁﬁflﬁ fe———

BETT

| BATHBGSH |

B5 RAREFHELARE
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Fig. 6 Stochastic Petri net model of emergency logistics rescue system
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Fig. 7 Markov chain of the Petri net model
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