20 EsSH T T Vol. 21 No. 5
2018 4£ 10 H Industrial Engineering Journal October 2018

doi: 10.3969/.issn.1007-7375.2018.05.001

ETILERMNAN SR RFERESBEANER KL

i, BRiETF
("R R PLE TR, T & M 510006)

PR N AEHE B A kit WIERE . SRR ENE, Q0 AR S A B AR AR H R A X ok 5
PSR AT SE AR AL, R BB BRI AUAS R S R S IR OGBS SO H AT SR ISR AN RS e B 1) 240 B ) B 2 A
PR, I ZSREETCIRAS R SEEET . BRUREEPT) A = K0 (A @ M (PTAI 18] . FRASESA) . ZhaSut(a)), 48
TNZ TR B R R ML 3 5 2R S R R . R4 B IR AR B R S8 U (B 464, LABR IRV AE S o F
A, BRI SEN A RAN AR AL, LN SRR R S BRI AR AR Y, R B AR TR A
SV i AT SRR . ARFEBAL AR BN 2RI E TR, BN 2 TAERM S S EERT IR EERTHI
IS4, AR 20 o 5 A F 2 R B SR AT R RIS S s A Ak

KR MAE R TAERM; TIREE; R

FESES: U491 CHRFRARAD: A XEHE: 1007-7375(2018)05-0001-08

An Integrated Optimization of Emergency Resource Allocation and Route

Planning Using Workflow Net

FU Hui, CHEN Kaiyu
(School of Electro-mechanical Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: Location, allocation and transportation scheduling problem of resources are always involved in emergency
management decision. The integration of these decision problems with consideration of the whole workflow’s time control
is essential for the application of emergency management theory. An emergency workflow net constrained by resources and
uncertain time is proposed to illustrate the time sequence of rescue activities and the corresponding usage of resources
during emergency rescue with multiple departments. The workflow net consists of three types of places (i.e. state places,
activity places, and resource places) with different time properties (i.e. visible, static, and dynamic time windows). Taking
the total cost of resources, transportation and related penalty as the objective, an integrated optimization of emergency
resource allocation and route planning is modeled with consideration of the maximal duration time of the whole emergency
rescue. A hybrid optimization algorithm is used to solve the integrated model. The resource allocation strategies are coded
and iteratively updated by Genetic Algorithm while the route planning strategies are optimized by Particle Swarm
Optimization considering the time constraints derived from the emergency workflow net.

Key words: emergency management; workflow net; resource allocation; route planning

JS7 SV B [ N AR R ST SR I R A A RIPRMEAES AR R 2 TAFR ARG ARXE

B, HAFRVEE LB TR 50 2% L
FRMIIE X T AR SRR R AEHLEE ) R A
ZT A XERT T, WL RFHN SIS, H
FEFHEZEZ 5ET] 2 . Wi H N SR IR
B & 9% AR (B 2 &R 1Bk E), 38 % W] LLAE i

R HEE: 2018-01-04

KE NAFEMN R PR, @
AL H N R e R e B L A i
RN, R AR RIS i O RIS
N SVE B SE B RE A, R EIER UL B YK
WA B AR, DUE M 4 R A i J 75 1 A

HE2TH: EFERBEELSEIINE (61573110, 61104167); T NH R 1R BT E (201504291250033)
EE® . MHE0981-), B, Wt A, Bl#dEE, Wt, TEMRTAFESERE SR, BEeE BB AR,



5 Tk TR

#0213

FEAT R sk . DR, G ZE R AR R . R
SR B SR N, ARILE SR 1 N S R
PR R, DU R o] 38 e 3 AR AR 2R DA i T R A
A LR SRR (A B 29 A% ), O
I B R A S FE P IR
IVFSR=8:1PEE 24 PR INFSSREr = (AR
HE, SNaEE TR . JFITERR,
NN B A I (A) i 1,  HLA R TR ML B 75 ) 5%
VRAERI R . R, R A L A R 1 I
af IR TG AR R N S H e AR
DA OR S ) AR, BT R N SR AR
BERFF 5T 42 4 T 445 M (task network)®!, T AE i (work-
flow)! 1773k, Hrh, T/ERRMEEEBESUE =
I AR R T R B 22 % van der Aalsti
e, I e AT A BAEAR Y S L S R A0 7 T AN
Wrhn LA & . F PetriX E47 AR R BIY L TAE
W, e — PR e T AR R B LA [F] 45158 1) i
ko AR R BRI T 3 AL 45 M e U8
i 1) JB PR A R A e U R g
TERERE, MoV E R R AR B B RS
BN B ANE E PR AR, H2 NS SRR 52 o IX A
R, ARG AR B A DA 2 B S B R AR
ERETREL, SR AR N [E] I A 3 B 5 24 RO AN
HisE e @ . %k, WangZE PR i HAVE 5)
ATE IR B B AR, i 2h A N
HARIT SR SOZTE SN i 5 2k, [FIRE, HTE3)
FREIN IR 2 7 H S e 52 JT 1) 7 o Liu )
WAL TR RN, S AN E BB 3 AT I [8]
&I SN T B AR Y o A BT TR I T
AP, BT B SRR TS T~ A B IR [A) XY
B TAER MR DX T AR 46
J& TAE, R 2ire B AL AR 7t B = 2
KR, B TAER M ELS N T NS BIRAF 1R
ZEE: 1) N TAERMN 58 ISR S &, U
S UL  BARRAR E f R SR A R B 2)
SR B Ak B I AR R R AR R AE AR R A
DAARI, B G 5 Y50 B 10 47 R ) (8] B AT AN 5 1
X TRV FE S BT YR IE AN 2 BT ST E SR A A
NI, ARSCNE BRI R AR 4 R R AT
RS HRE U R, LA 23 #r B R 2k
BRI R B BEIR TR R I )& M AT 4
W, DL S BRI R A T e bR I (Al

RO F bR, HEAT R 2 BRI L5 A B B
] RRRE TC oSG Bt — Rl L A e ) R 5t A1
DLAERMRER, DL 7R 2 SRS 230 3 2 18] B
Rk F sy FEBLIEA I, 2EAT NS SRR B S R A
R s 1 et 3 55 A, B0 ) A AR AN E AR
FAFRRE R, SR MR A RN SRR, I
BeH B 07 F S BIRA 5 FEHEAT IR L .

1 ZEBITEKEM2ITIERMEE

R SEBL N2 R HEAT R B A I A b
AT BhPetri DA TAER MY B N BA RIRL
SRORIANTS 5 P B [ g M P B 2 AR IR o

EX1  Petri n] BLE LA — AN HLIGHPN =
(P,T,F,W,Sq), i,

P={p1,pa,, pNEER N ERTAE S HIRES

T ={t1,t0, , tu ) NE T m T BUE S E A
RES, HPDT=¢,0;

F=PreUPost N A M L1 4 = H R £ &,
Pre: (PXT) — N & M BT 2728 3 1) 7 AL A [ 5K,
Post : (T x P) — N & M3 21| fir (1 45 AL A 1= 9K,
N=1{0,1,2,--};

W:F - NS, FREA A E

So: P — NNBAFE TR 6 75040 EH 166
K&
N2 HAT TR L AR A e M R TR i P 1)
R TARRM, € A< PN, >o

1) PN=(P,T,F,W,S¢), NHFIRFIP-time Petri
M. PRINFEES, WIEREER. SiEEN.
FRUREE T =25, HoreRAS M shE B BT B A I 1A E
Py HAhing SR,

2) I, = [EF,LF], NBIAE FE T FUIR S BE 5 B 1
A X TE], EF NS BORAS i 552 B 8], LEN
AH L P fo W6 56 FGHRT T o R 2 S Ak L T o )
PERIANTE, A5 Lo AR AL AL (B i, TN &
WS, BANE(SEE, HTHS TR
[]). BIARES [ I (R A, 5 RIS EAC).

TEN A B B, TR AEL %
B EE Z AR s . Ak, BB AR B
T5 UL B n A SOAR 35 30 1R B A R 2 A I 9 A% 2R
El1FR . BB A3REN, HARSER(4+3k
MY S IR FE T (2+k+n /1) B A I R &, 5305 2R fr
(M)A EA&E R, AU &L,



%5 i, PRt T TR BN S RN E S A R S Ak 3

[as, baly e, dals [a“lj buls

Py

0,61 [e,d], labil

5P532 %.{HAF\PS“,

[ase bade oo dols [aus bady

[a322!732]\' [c2, dn)s [a‘!b\bﬂ]v ““

[51’@ [aslll?ﬂ]v
N PS,

PA,,

N/

[es, Sla [aszﬁ bs,ly [aé? 7b6]v [es, d5] [a;, T(]]v
LN\ g ps (oAl g

AN an O

1 &KMFIFEM A B 1El B9 R 2 TR MR

Fig.1 An emergency workflow network with k resources and n synchronous operations
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Tab.1 Explanation of the specific components of emergency workflow network
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Fig.2 A hybrid optimization algorithm based on workflow network
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