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Optimization method of resource scheduling network for emergency

disaster relief within military operations other than war

LIU Yajie' , CHEN Sen® , XU Fenglin®
(1. College of Information System and Management, National University of Defense Technology, Changsha 410073, China;
2. PLA Unit 75660, Guilin 541002, China)

Abstract; The tasks of disaster relief campaign within military operations other than war comprise emergency roadway repair and relief

distribution ; however, there exists interrelationship between the two kinds of tasks, and some other challenges, such as fuzzy stochastic demand and

variable network structure, are also confronted in scheduling of this kind of campaign. According to the above situation, a bi-level hierarchy

optimization model for emergency resource scheduling in a network with non-deterministic attributes was proposed, and a hybrid intelligent heuristic

algorithm which combines fuzzy random simulation with improved genetic algorithm was also designed. At last, a data case was presented to

highlight the significance of the proposed model as well as the efficacy of the designed algorithm.

Key words: disaster relief; emergency resources scheduling; variable network structure; fuzzy stochastic variable; bi-level hierarchy

programming model; intelligent algorithm with heuristic
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Fig. 1 The roadway map of a region on post-disaster

R B R SR AT AR PR A S5 PR
DUBAAE o F X 9 T AL R A S LA o £ 3 A
INFIA FR 38 5 9% I 75 SR B Bl R < ™ E
OUF 30 AN AATT CORTE G AR 10 ~20 4
AN AR E TS T, BB ALAE AU 1 R B
FPAE, i Zadeh™ 1) R, R FIAE 2R % U R 1Y
BRI FOR A AR 5 15 8., RIS 80 I BT IR TR oK
B N BEYLEOR S & & IR A

i plal) =l
~2 2 2
M P(wi) =PD;

&= . .

wi, plw)) =p;

A, 0! BRI 0 FIAERRE,
p(w!) R o! BIRTI PR H, ul N HER p! R A
I%L

SR [9 ], it — 2 ! R = MAB
BORD ! = (el ol ol ) s s 53 50 0 22 4
P TR SR IR TG SR A PEAL (. Hi AR
TIE PR (SR i@ BE R &)

(=i )/ (i =iy )
wi(x) = 0, HAth
(=i )/ (i =iz )

X9 5 M) DXl N T SR R, B R
T LB T S 3R A% e B W L 2 0 . 3
T, ASCIR B H AR R 52 T 5B TR A 6 L 4K
/N HLh e S BT B o
1.2 EEEE

e BAT BT U5 1) A FH 9 XA 2R 49 a5
PR, HAEM SRR DRI e . A 1B E R
BB, B IR o PR Ay, — B B R R
OB, g — B R R R R T S W
S fEH B R BARB B ik o 1B AN TR 1 i
B WY AN [R) 9 B X 54, S B00OAS [R) 9 ZE 0 A i
Af 1], HCIR T R 77 AU 7™ A AN (] ) W D0 2 B ek
B 5 PR B 28 0 2 1) 0 DR AR e R 4 A B DR
S AN [R] T AS (], A () A8 5% 05 450 2 K 7 A A ]
BEUREICE T R T o AN [F) 3% X 2 A ) ) R (R i T
A, DLUR FR &5 44 J2 [a) #0) 55 40 X6 Rz 1) 5 — 2 1Y
SENTT B 2 AR 0 A ) A8 (LT AR AR )2 ()
) I EAAEIEI C R

B2 A B A G52 W AT RS . A
5 )2 AT TR WG AR R B — AT TR .
3 e A0 e P o A U B S5 4 2 e A fifp I R [
BIZEMm . L, RSS2 nI 1T, A i
TRJZBER SRR IR TR IR RS 45 )2, 16
A AR AR, H L S it
1.3 WAZHGNTE

fE N 2 WE IR TR A  JCis Fi i 2K s AN
FEIR AL % BB B2 B 8] 7 DRV 2R, A SR AL AE 3 LI

IR I I 220 i 7 80 5 AN B S 2 FR A
(1)1 R 55 I 1] 7, Dy B

n n
My SASUp

n n
M SESU;



- 70 - (FE TR SR S AN S

534 &

(2) Wi i 5 ZIERIEEE

(3) BRI BIRECGR A 0, 9 (% K1 B2 5T
U5 ) A — 1L 5 B

(D) BER k(k=1,2, - K) BIIKT & i fIS[A]
N sy, RN o, X1 R 1 PRFRER BT IRAICRE A

(5) W i RV BOR B MR 4, —H. s,
BT d;, BIP= A IELR I 8] 8, , 17 AR SE ¢ BV 7
TEAT} o 75 FEAE TR A W Y B BROAC, 7 A 1Y) 532 W gl
KU 3% B SIS 8r , BUAE BRI [H] 6,
S REGRAY G IRECR AR

(6) T £ i TR , A48 w! A p)

(7)0 -1 284 Xy, 58 LA b 220d (i,7) i
1L, EN 0,

(8)0 -1 ZH Y, , 7 LKA A i WAES5ih
Ak SERUR N 1, IR 0,

1.4 WHEH

(D BERRBBEBEES

(2) g ie g .

(3) 7 3K 1 5B WK R B R R I R
1]

1.5 B#rE#

MR N BEUEORT B E b, [R] s g (8T ik , A<
SCOEA A 3 B S it SR T B TROR T A2 0 B
N, BRI L (BIIK) fe S 2% I B R K it i
RE b RSO BE AL AL B, A SC 225 Sk (7 ] iy 4k
5wk, BB 2 B i 5RO BE AL A2 B A S
2L

R

min z = 121 LE(E) - ;r;ﬂ:] +04L21, : Is/ﬂ'rki

Hr, Z [E(E) - ;rk;] R R RE Y
BEIRR T 2 B0 5 Z A lﬁkirk,v Sy R B T S % 177 7
A RS s o VR S, DA B IEOR I R AR
S IEBRAR ] 22 (A i 0 M B R OC AR
L6 ZARFEH

(1) FEAph i PRl -

i rpYy, <¢, k=12,-K,
(2) Hlfme RATREFR ) -

zz inijkg‘S’i?éj’k:l’z"“’K;

i=0 j=0

(3) BATRTT A AU — IR 55

S X, =Y, j=0,1,-n; k=12K;
i=0

n
Xijk =Y,,

0

(4) BEUHCR
L

Q: 2R1+irk£’ kzlaza.“’K;
i=1

(5) AEHHERF T HHE 2o — EL 4] 15 2
A ST 2 TR GO, B e B ] 2

S = 05 Lsy 1 — s, 1 < (1 - X)) B3

0<s, -6, < diZXijk;aki = zxng;i,j €
~

Vik e K;Ho B BRI AR
2 RWEEE
21 RREMEAE

SR A 2 LR 75 S A 0 25
F S B RO 2, U 3
LA L, ROV A 3 R
FIEAET — 3 26 1 (B R A, PLI R o
B

(1) R BRI AT, el e
PO B SEIE PR 2R R B, 07
SRR, R . R, Al
PRI Fh B RS H RS . BBL A
R

e e
PRI R A4 B G PR L, A
B LAR B B RO /I, B L3
SR Bl B B 1, D3 0 i
e

S B A BB T
ST RS ! BB AR T 3
LT R AR e R A LB
SRR, BT

Step 1 W1l VE SR A BRI B L
SRHCERA, B E =05

Step2 KU £ 1ML, IR A 2 ] o
LA ORE A, 72 OB B LTS SR €, 0B

k=12, K

i=0’1"'.’n;

]

{[ETE
Step 3 THEABMIE wi HVIEME E(ui) , H
BRI .

O % 1=1, e=0, BB L0 RINIEL;

@ # 1<BB,EHO ~©, HNFHF|®);

@ ML A K e 5 ik R X E [0, 1]
XSy ST 1R o A (4 D BE LR 51 Rand = i,

r2’.“7rBB%o

@ B r, € Rand v = {1,2, -+ BB} {4



4

KNGS , 25 AR BRI A 4% 5047 30 i 7 298 DR 2 R 258 1) DA D 2 " 71

ERIE = (el oy o) FOBERLBERL A 20
wh + L (uty =) (s =iy ) 17,
. ro<(ue i)/ (i =pir)
P L =) Gty i) s —u) 17,
o> (i =i )/ (i —pd))
T i POREAE wl, 5

© Ee=e+up;

© FHR@D, B r=1+1;

@ #%5|2;

E(u;) =e/BB,

Step 4 $E=E+E([L;’);

Step 5 HE& Step 2 ~ Step 4 3L MM % ;

Step 6 E(¢&,) =E/MM,

FIF SRR 7 AR (B A, B ALY
TR T U R 5 A W A A G, 20 T 2 i)
E bR sRESORG BEo [RIB, 3R AT 304 Bl LRSS 400 5k
—EREUE AR HREE R AN S . %
JE P TS [F0) Bt AUF T 2 500 8 A T 34 K 3 L i
PUSHIAAT I E 1000,

(3) MIRFE 2R IE RAE T, P KA B 24
P, RIS i AR Rk Bk B, 7008 RS 0 ) 7
(14 FE Al SR FH S AR PR B SR

(4) B R — S 4oL, @ ¥
S AT T A S A RS 100,
AR SEAERBE N 0. 01, 38 SUAE R0 0. 80, kAR
HikHh 50,

(5) IR B ARHAREL T, SR AL,

2.2 KRRBEZZEEE

AR I A R i) NP S B AR 3
AR 2 ) R 5 55 Ay )2 [ 8 S A A B 4R 1 1ot
T, WO oo ) AR 2SR AR SR R B G B
i F BAR b & A e A, — S L G T Ay
ANPGRS IR R i 4L A LA ]
B P75 2B, 3 LR R st AL 3 sk Az ) A
N SR R AR AR X LR AR IR AL TR I 3
filt EAELAR stk .

(1) X HEAEFRERAT AT AT AL A . SR I )
B B R E T )y S e o e, et fhIt A
FER T SR AT s, HHES G 22 7R 2 4 H A 4R
BEAL= A Yot fhk, AT, B A LM LR Fh A o

FIH 1.6 5 A4 v 0 i = 3006 ) d P i
B SERRERAT AT AT AR B X T 7 A A i 2
FE SR LSS i, B S EA T AR ARG Ak s

(2) Bt sh SR A . AR R 358 i 3h

FONNE B VA: Ak Sk e R T K= 7R D) 1BV RS
o WAL AR T BT N ASAE B AR
X [AJVE A BT ) 4 A8 Ak DX (8], DL BEAS W 4 /N3 2R
23 )R ], DT S BN . 3% B st AL ik
FEHTIA 4 A8 2R BE 758 R 22 RE 1R AT R R
EWRCE R W RS R, SR —
e, IR AT R AR RS, BT

O WAL BT A B, WpelO,
1), KHERECH 6, F—Bh[0,6,],5
ZBrBCALG Gl G, =INT[pG], i INT Sy JiR

@ KB IR, % oe[0.5,1), BN
=INT[oP ], P PRI, 55— B Bets N >
INT[ (1 -¢)P], Wy N=N-3, %N N=INT[ (1 -
)P BEE NSINT[ (1 —g)P], M| N=N
—1, %N N=INT[ (1 -o)P].

(3) KA HIENAERI S RASCER[12] 19
SR p, 1 p,, BEHE R3S N FE(E /N B 3
HRBEA N

(Pa —P2) (" = fu) ,
{pd - A
P.= fmax _faz'g
pf‘l ’ f ' <fal'g
(p"l _pfn ) (fmax _f )
[pml - l f : _f ’ fafmrg
Pn = max avg
pml ’ f<fm.g

Hrp, =0.9,p, =0.6;p,, =0.1,p, =0.
001 o s A REMA HR B3 T L B AEL 5, o P 240385 I

FE(E s f OSSR AR 3 L {5 f O 2
AR SRR AR 1 A

BEPRTA 2R FHR SRl FE SR s, K b R o S
AR LR A i 3 —FUR R 5 58 SRR
OX %o it f03E MO B tE S FE k.

3 BHNKELERDR

AR SR 45l B K B AR I I R A
AT CANEL 1) o BE FTE RS B T8
Ao EEAR T, v o
3.1 HEXHFELESHEA

U AT ) AR B s L il g — 1
— AU N BN | BN B () R B S A it
25 BRI BEIR R 500534 5 & R BT A40, ek
R 150, F RATFE N 2005 75 g3 Al 55 ) 6]
2,

op R, 2552 R SRR SR i SRR T A2 B
V1) 701 20 S0 B A 52 i s 1) 0 068 e oK e AR A R A



<72 (FE TR SR S AN S

534 &

FISERRF DL AE o AR RS2 A0 5 BB Y L il
S AU SRAALBERL ™ A=, >R R feal 6 2
IR 1) (5 SCHR BEJT BRI H) D 0) Anske 1 iR, 18 2
FRAIBEBE v, =03 03 =06 0y = V5 0, = Vg Vg = V15,7

RN _”12$n Vs —021}3?%55@%/}5@%%?‘1']% 8.

9.5.6.8.7.10 f1 6,

x1 EPVANERKERER
Tab.1 The demand and deadline requirements of each node
WA R o o, R
4% ror ror Ff
vy ik — — —
v, 3 (36,40,42),0.8 (39,41,43),0.2 181
v, A (8,10,12),0.8 (9,11,15),0.2 169
vy AL (19,24,25),0.8 (20,26,30),0.2 80
v, #ml (16,18,19),0.1 (19,20,21),0.9 105
vs FHE (19,20,22),0.2 (20,21,25),0.8 151
ve  AFEL (33,36,43),0.8 (36,37,42),0.2 61
v, JENT (17,18,19),0.1 (18,19,20),0.9 77
vs  JNEETF (34,35,40),0.1 (34,36,40),0.9 121
v, FEH  (26,29,30),0.1 (30,31,35),0.9 33
v,  FWB (16,18,19),0.7 (19,20,21),0.3 83
v, M4 (17,19,20),0.7 (18,20,21),0.3 148
v, FRIl (21,24,25),0.8 (23,25,27),0.2 52
vy ERATEE (11,12,13),0.8 (13,15,16),0.2 48
vy CELEE (19,21,22),0.4  (20,22,24),0.6 81
vs EILZE  (26,29,30),0.4 (30,31,33),0.6 50
v FESRME (12,14,16),0.5 (12,15,16),0.5 65
v, EH% (27,29,30),0.7 (30,31,32),0.3 61
vig BT (26,29,30),0.7 (30,31,32),0.3 74
v BV (27,29,30),0.5 (30,31,33),0.5 104
vy BEJIE (17,19,20),0.6 (18,20,21),0.4 91
vy MFF (8,11,12),0.6  (7,12,13),0.4 120
AR TR, G0 7E R BT % 1 A
5 R Z BRIt I R R 1000, R340 BEAN B R

A5 AR LA AT AL B, 488 525 OO i [] 119 1E iz

FrmfalE ; B M B 1000,

R 2 RO 2P, BE DR OR il 2 B A
o AR R B BT o ek S A AR RS

TREIGE R, R B 8 A RIME I

3.2

ARSCH Matlab 15 4 5 FEFRIT, SSBR1TH
ML RE S %4 K : Inter (R) Core (TM ) 2 Duo CPU

MRER S5

E4500 2.20 GHz, 1.99GB N fF

R S IR AT AR AR SO B B E AT 10
YGRS, AT E 2 79. 250 % IR F LK
B IR H AL E B BB LA DL A UK, 20 ek 1] S

ATLAESZ Y o [RIRE I A S5 E S B BE LRI
BT, R FHEAGHE I8 A5 55005 19 31 30 B ) 50 R R b v
WL (161.7s) 93 1A%, Ui B AR SO R B
1) AR SR M A R o

DAL RN 2 ~4 fin, Hirfr, 32 2 ZBEL
BB TR M % 1 TRk
SUGEIR AT 2t T AH N B B R AE R 3R 3 2 o =
0.1 BHEMBE TR (IR ) AUBREEE R
BB 8 (758 2) Jr 48 TOMH I i X 45 4 T S e 4
BEAR s A — TR S O S5 SR A R, R 4
AT HAISECT 11000111 ( J52ZE 1) .00000001
(FE2) LU 11111111 R4 R (g 3) %
SRR N R AR E X E o

R2 ETAEKRBEEURAR]I TETAN

it BB KA IR AT E]

Tab.2 The amount of expected demand and the unsatisfied

demand and delay of each node under the first scheme

TR WK RWER SEREE
v, 40 3.20 0.0
v, 10 0. 80 0.0
vy 25 2.00 0.0
v, 19 1.52 0.0
Vs 21 1. 68 0.0
Vg 37 2.96 0.0
v, 19 2.00 0.0
vg 36 2.88 0.0
vy 31 2.48 0.0
Vo 20 1. 60 0.0
vy, 20 1. 60 0.0
Vyp 24 1.92 0.0
Vi3 13 1.04 0.0
Uiy 22 1.76 0.0
Vis 30 2.40 1.1
Vis 15 1.20 2.4
vy 29 2.32 0.0
Vg 29 2.32 0.0
Vyo 30 2.40 0.0
Uy 20 1. 60 0.0
vy 10 0. 80 0.0

R3 FITHEE PSS RN B B B AR 1R
Tab.3 The two type of roadway structures and

the corresponding optimum routes

Btk geigk
B 1k S .
LB LB
4t 1 gh 2
Vo —Ve —V3 ~Up —U) Vo~V —U3 =V~
Vo —V7 ~V4 Vg ~Us Vo~V mV7 U4 TV Vs
110001 000000

Vo —Vg —Vyq ~V15 ~ V16 Vo~V —V14 —V15 ~Vi6

11 01

Vo ~V12 ~V11 ~V10 ~V19 Vo ~V10 ~V19 1

Vo ~U13 ~Vy7 V18~V ~ V21 Vo —V13 ~Vy7 ~V1g ~Vy ~V21




4

KNGS , 25 AR BRI A 4% 5047 30 i 7 298 DR 2 R 258 1) DA D 2 "73

x4 WMASHT=FHRE min z EIFLE
Tab.4 The comparisons of min z under three

schemes with two groups of parameters

TEL TRE2 RS
a=0.1 46.9 127. 4 59
min z {f
a=1.0 109 1220 59

WA 2 ~ 4 s, AT AER 2

(1) FEAL B 5 A 2% B0 B 1 s A 10 Ak ) it
I, AR R AU BB, R 7% FE e g i BEAA B
HE R , BE DUE AR T R PR,
HA R TORIUE . WERAR b3 B i 8, 1R AN ]
S 190 0o S A R K ) B2 W, B AT B T SO S B
e

(2) AR BE M Z5H T, S L - s A AN )
B 87 A A L SR B g AN )

(3) FAR R A1 240 o BHELR/DN,
B R SR X oL S DR T A B A B S s
Z M AE AL o min z 5 o BUELAHOR , AT B
A AT D ) e G % 4 R B DRBCRE: 14 23, At D
REHRRMBIETT R AR, a 235180 1,
L0 i, iR R T R AR o

4 & it

BT BB AR R EF AT S R AT 55
R RUAIEREE A0, AR SR — 2R B I 254 ] 72 HL
A BEHILRRY) 22 S8 A4 XU A A 5 1 R 2% DG A 1)
o IEAZEPE i 250 2R F AR R L
DU T5 T 20 1 [ A R B R 45 T R B
PR AL FRTT 1%, FFBETT 1A R0 3K i R
RAERBEE KRk, fm R BRI
SRAGTE AT AT SERE , 7% B 5 R AUk B
UL AR 5 1 I 3 B R A 0 L [l Rt 5, $e
PR RIDT SRR % SHLTE UL T 5T A A
feo N IHRIAE P D5 T Rt — 2 R T
AR M S S D MASE ) S0 S92 91 ] T B A TR A
SRR T IR, O — 20 % R IE PR
SN [R] 9 P& i TR] PR AR E 1 , eI R s
SEARRE R AR R RIR AR 535

5 2 3k ( References)

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

Larson R C, Metzger M D, Cahn M F. Responding to
emergencies; lessons learned and the need for analysis [ J].
Interfaces, 2006, 36(6) : 486 —500.
AR DX IR AR, 5. 127 P HLRRRI B BN B P S 1]
[R].2008.
United Logistics Department of Chengdu Military Region.
Samples on military logistics support during the disaster relief of
the “5.12” Wenchuan earthquake[ R]. 2008. (in Chinese)
Yan S Y, Shih Y L. Optimal scheduling of emergency roadway
repair and subsequent relief distribution [ J]. Computers &
Operations Research, 2009, 36 2049 —2065.
PRAR, 29T, B, 6. ORS8RI S5 17 00 T BE ) %%
ARGk R S N ()], ARG LR S 5 S Bk,
2011, 31(5): 907 -913.
CHEN Sen, Jiang Jiang, CHEN Yinwu, et al. Emergency logistics
distribution problem model under uncertain roadway network
structure and its application [ J ]. Systems Engineering Theory &
Practice, 2011, 31(5) : 907 —=913. (in Chinese)
Linet O. Emergency logistics planning in natural disasters [ J].
Annals of Operation Research, 2004, 129 218 -219.
Sheu J B. An emergency logistics distribution approach for
quick response to urgent relief demand in disasters [ J].
Transportation Research Part E, 2007, 43: 687 —709.

M2, D3CIE, NS, 5. D28 I ol 25 8 R Ak
FHAWLT]. RETARMIR S SR, 2011, 31(5): 898
-906.
TIAN Jun, MA Wenzheng, WANG Yingluo, et al. Emergency
supplies distributing and vehicle routes programming based on
particle swarm optimization [ J ].
Theory & Practice, 2011, 31(5): 898 —906. (in Chinese)
Zadeh L A. Fuzzy sets as a basis for a theory of possibility [ J].
Fuzzy Sets and Systems, 1999, 100(1) : 9 —34.
Teodorovic D, Radivojevic G. A fuzzy logic approach to dynamic
dial-a-ride problem [ J]. Fuzzy Sets and Systems, 2000, 116(1) ;
23 - 33.

R B, XITERI, 45, RSN A BT R R

MIREHLS R T]. 1828 548, 2010, 19(1): 9 -14.

ZHU Jianming, HUANG Jun, LIU Degang, et al. Randomized

algorithm for vehicle routing model for medical supplies in large-

Systems Engineering -

scale emergencies [ J ].
Science, 2010, 19(1):9 —=14. (in Chinese)

BHR, RITW, 2. KRS i EHLELEL S
BRI B A BB [ ], KA A4, 2008, 39 (11):
1257 - 1261.

JIN Juliang, WU Kaiya, LI Ruzong. Coupling method of

stochastic simulation with triangular fuzzy numbers for water

Operations Research and Management

environment risk assessment [ J ]. Journal of Hydraulic
Engineering, 2008 ,39(11); 1257 =1261. (in Chinese)
Lenstra ] K, Ritmooy K. Complexity of vehicle routing and

scheduling problem [J]. Networks, 1981(11) . 221 -227.



