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A stochastic programming model for emergency supplies
allocation with consideration of production capacity reserves of
enterprise

HU Shaolong!, HAN Chuanfeng', MENG Lingpeng?, WU Qidi?

(1. School of Economics and Management, Tongji University, Shanghai 200092, China; 2. School of Electronics Information
and Engineering, Tongji University, Shanghai 201804, China)

Abstract The uncertainty of demand impose great impact on emergency supplies allocation. The inap-
propriate decisions may easily result in insufficient supply or waste. The production capacity of enterprise
and uncertainties in disaster-affected locations and demand are integrated in a two-stage stochastic pro-
gramming model, which are configured with the objectives of minimizing economic and penalty costs. The
location of enterprises and physical inventory are determined in the first stage. Then, depending on de-
mand for scenarios, production and distribution decisions are made in the second stage. A sample average
approximation method is proposed for solving the model. Based on data from snowstorm, earthquake,
flood and typhoon in China, 2008, a serial scenarios are designed for numerical studies. The results show
that storing production capacity for supplies and introducing penalty for delay and shortage of demand
are beneficial for decreasing physical inventory and risk of insufficient supply. Moreover, physical inventory
and production capacity should be greatly increased if minimizing risk of insufficient supply, which may

easily result in waste of resources.
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programming; sample average approximation method

1 5|8

HARKEN 2R TR LG R &M, RS, SREESEHE, BURMAMEN A, (RIBERE R, (i
EREHSARIE ., AR — YRR . SRR B (R YR AL 3 2 A, Aok
BRI 2R RB R E A FT/ER 1. 2008 AFLASR, EBUMEE « HRKEN 2P % 4
FPRIATY, SAPASITE MG, LIRSS . B, MR G 4, BT
THRWGY 2% ERRES 2. (HE, 2013 FRELHEMN 2014 FE&aHERREH, 291, K, IKE.
Wi, 25 AT R A AR AR OR B, BRI T B 4 ) 4 SR A & PRI B B S 9 R IR
WRE%, Ra e i A AL E Y R RO S, I, RIS S RECE, LRI vy
JRU.

SRR A R A RN B A ik . B R TR R TKE L S LY B R,
E TR 2 FERAELATUN, 3K T S84 PR MERE, 4 AR MRt £ F iR st A
BEA R M RE ERE RS B, MIBY TR E &4, BT AREIERA, BRI iE& R 2R
K. Rk, SE¥g& 5 A e IS AP S I 2 v aL BRI, BRRETE L H R ER WA R R,
St RS IA], REIR 2.

I &I S S BRI o AR 1L ORISR OO Aty kst 7 SR, RS FLHORF Y
W Rl . PRI R e R A RS EE R B & ORIGHUR Z BRI, B, LR, &
PHIRAR S K-S L A g 10131 ST ReRaA . RIS LR XU, 41X AR By 98 = S8 5L, 1
BALY R, VRS R EE T U it 1) guai T 1617 S .

I 2 1%t L PR RE A O F IR BN, Aolk, DA B A5 61 £ S TR T BUN AR BE, DR o, 18
¥, BT SHMEFHAT 3 MoRES XL A PR RE B p R U bR, BFFSBURRIGMR il S ik
B RE S EEAERRER 1); BUS S A, LB S BUA S/ MR S8 B 5, BFEal g
FERE St E SEUN S B4 SR 202 Septhfy, LA RIBCA A AR PR R B A W Ak 22 S,

b, MRS TR 2 RS IREFA R, MUE R R, e
T4 BB 522 NIHOUR 5 BE ST £ 7 RE 145 5 S 45 sBORFA NI S B B4, SR i A 7= di Ll g 2 A A oy
X B R AN G KBRS, BRI R IR M FESEM, R3S H T HER A R B CARE
MEKHARKE. $HELEAETHERON SIS ), R0, REL LR, BERETES. 9
RFCREAMENY BER R, WEERRRE R AR ENE M Ao e 23200

AN B RE ST EFRE TR E MR R, BRI TR B AT et g H AR K E
B, DAG AR AR e/ N R bR, ST & 400 WS T v A T 9 B B LRI, AR A VAT 5 . S
TV oA P BCR%, BRIGER, DL 1. IR ARG B R L n, 1 RBK, SAIE 871, GAMS, CPLEX
SRR R AR X, I, B REEAR Y E RN I, W R A . S AN, A0
FETTERE —, B A A = RE 0109 N S0 ST P I B A LR RIS, DU A8 R Y 28 7 SR B A
TEME.

ERE R T AR
B
A PP ELRE L "
i) s 5| s
-

B 1 EatRECEAY RMEARIREILE



1538 Ao TRAERS LK % 38%

2 aWtticE A EPEAL AL RIAREY

A NaPFOnNK ARV EEST. A= MBI EAR, BAMERZEL,
AV IEIAS BT, BUR AT AR,

1) BEMBH

I KBRS, i € I ] RRZKEWES, j € J; L Rl RBES, | € L) T RRHBEER,
teT; S HRHRKEMRES, s € S. W s RUWSHETITREZ AR o, MZREN j BPI%
R D). ZRBAGWIAFEIEELFERERR, SRZIEN j WFTRREY 0. b AHESHSE | 2
R EERAMR CH. AR Vie % RES Q MR E G OV, b, FBURHGIIE, A
CVig > CViggr. Hyj; Fomnaly « Bl j W, CH FmBAR R, OT Fom R arsfmr
.

5 s KR, FRIEENBTGEY TR EERE ¢ THRE, SHE & v g 82K
E, HREAR, TEAFEEATALE, @M INIER; Jix B RE, AR RBETI N T 2K
BHHRE, NG AL, AU EET R AR, X R ER AT A5 1] AT A O il e
—RERCRB LR, SRR R AT AT AR 2 R Y SR R IEE B AT RO o,
AR AT R BN 8, BUE o < 8.

2) YURALH

F—PrBOSRAR S, WG R AR LB o T 0 | B TR er. BT BRR
g, WS s T, BBt N, 0 B LA KRB § B SEIESIIER ¢, 1 B RN ZZRAE
0 5 HEFRIIR R pije,s, © 8 TR IR BITRIARE 20006, ZRED § RWERETRE w)es, BXK
5 s RE, | BDLITIEEIRIRE his.

f:minfc—i—z'c—i—ZwS-(pcs—l—hcs—i—tcs—i—lcs), (1)
seS
fC:ZZCE ':L'i,la (2)
i€l lEL
= ZZCW71 -67;71, (3)
i€l IeL

pPCs = ZZZZCWt *Did,jt,ss (4)

i€l leL jeJ teT

hes =Y CH - hy, (5)
iel

tcs = Z Z Z CT-H;;- <Q1:,j,t,s + Zpi,l,j,t,s)a (6)
el jeJ teT leL

les =D Y D ) 0 Pitgrat D ) B wins, (7
el leL jeJ teT jeJteT

Zx1]S1)VZEI) (8)

leL

€l qu-Ql,ViEI,lEL, (9)

zigl,s =0,Viel,le L,se S, (10)

pisj1s=0Yiel,leL,jeJseS, (11)

his = Zeu — ZZQi,j,t,s;Vi €l,scbf, (12)
leL jeJteT

Zidts = Zilt—1,s T Zig VI — Zpi,l,j,t,s,Vi el,leLiteT:t>2,5€5, (13)

jed
Wits=Djs— > Gijis— Y, Y PitjrsVi€JteT,s€S, (14)

i€l i€l leL



4 630 WD, S 5B AL AR T RE T A Y LS ) B LA RIS 1539

x;p €{0,1},Vie I,l € L, (15)
€i,ly Qi g t,s> Disl,jt,s> Zilt,sr Wht,ss Nis > 0,VieI,le Lje JteT,se€S. (16)

Ht, f FREHA, fe FnGERMBA, ic FREPEEPRIRIAMA, pc FREFHRETRIA
JSA, he FoRFFEA, tc FoRIBRIEA, lo FnBITA. A (7) HEAENERMA R EITEA, X (8)
fRiEFRE B 2R —Redl, X (9) FREZDMEF EA S LAEERES, X (10) M (11) 2 RIFR 2RI
FEMAFRAIESET 0, X (12) IHREWHEHHERE, X (13) R B YRR RS T S 2K
B, X (14) HRART R FRE, X (15) FRE » HABRL 0 20 1, X (16) AHRMAH.

3 HARMEERE
FEASH{EIE ST (sample average approximation, SAA) JE>RAEREHLLRIFALR H ez —. SAA ik
VP ISL R AT A, B AR A S (R B AU R R 0 B AR R, RSB T, S SRR A,
8 L-shaped, PH 855 R AL KAFFEA I (FEA ] BRGNS, BEURE A SR DU E R SR 3T
FEARME. T SAA JIVAEA RPN TRYE, B ORISR, iz fgidia 2728 pvessia 20 4.
B, SEXFBFE IS SAA JPIEHESE, W 40 3T FRESK R A a8, Horh, 4 30 Akt CPLEX
B SEEL.
SAA JFEP BRI
E 15 AR M| MEESA R p BISIFEAR N, SRR (N MER;
52 25 XEFA m e M, 23R A
min gy :fc+ic+%gv(pcs+hcs+tcs+lcs) an
st. &(2) ~ (16),Vs € N
Hrr, gy FRRHEA B AME, WERA SRR, 2HMHR (B, en), (@3, ex), - (@7, eR);
% 325 B —NERIEEAR N, XA m e M, 435 KIGHA

s . 1
min g/ (Z,(é)) = fe+ic+ N Z (pes + hes +tes + les)
sEN’

st (&,6) = (2, éR) (18)
#(2) ~ (16),Vs € N’
oA, IN'| > N, gn (2, ) ATt BARE;
54 2 BB
(z*, ") € argmin{gn(2,€) : (&,€) € {(Zy,en). (EX.X), -, (N, éR)}} (19)
RN R A O, 2R (aF, e);
%5 5 IR o
gap = M x 100% (20)

THEAGTH BME SR BARERNZ TR 5 3 PR AR OB DR 0, A SRR
REFLEFNEE L, DEREPERARTHITE. 5 5 2 2R AR N FA T DB IR Y S D
Fi 2 R T AT R EK, i I A R e A R T R R Tt

4 BEOISHH
4.1 SHIRE

ARSCHRE 2008 SEREMATERE WA SIBRII T T KERICE  BUNMR ., AR X gk, Uk G
R RRARE 4 FE AR ENEBZEAN RSB IERZREE PO, 30t B RICENSR, #7505, &
BHBEENTNEZRALL, RAEERZREBEATHBWZRALL 4 FrARREHZRE RZRNE,
W% 1. LAUKI 32 FNTBE A 5], MR BB E 0 D sl lads, IR 7 R S kR K 46 2 166



1540 AETRALSEZE % 38%

TN PN T B, B BT 7 TR TP KRR B, B KA 166 7, LA
BRINGUSS BRR | PEANE SRR R, BRAEH—MEI, W |1 = 14,17 = 14
BB 11 25% K NTRE KA Bemzrity 19 o
THIRAK, SRR 15 T vy s0 %, 3 % B A HERKETERANERAM (5/)
B RESRE |T] = 10; ATk, gy 0 2o WX R PVk B
. - . 1 WMl 20.75  755.30  12.70 0
RN T LRBRAR | R AR 16 R

2 =M 20.75  226.59 0 31.44
5, ANREREE AR A& E R BRI K E R, 3 S 0 22659 0 0
ﬂi% 2. 4 ol 20.75 226.59 43.18 0
B AHA /N, P K3 ST e, W (L) =3, ° BHL 2075 8TIT 12700

ERAUIORRANG. k. ate ke 0 T 2T ST e
B, W3 3, oo, A7 R EAR R A B AR AT sz 2075 0 0 0
BOE. MRKEEMEICEEN: 5 1 RBRNAEEE 9 o 2075 0 4318 0

KIEEREEI N 10 76 BAVALSE 2 S8 3 iBAZE 10 J& 0 0 4318 6288
56, BORRTHRM 1%~5% 3 o%~10% fogrns #aee: L TP 0 0 0
WL 4T 10 BT, BONTI %20 fBE 0 o o o
HEST AV RLBLERR, BUR RIS T FnRetoR. iR 14 EM 0 0 0 0

Yri&A 1 JC/M, i25 4 0.01 JC/FF - ToK, HE4EEERAY BAEKNE 1660 15106 254.0 1572
TS RECH 10 Jo/4, H4 AR MRS RECY 40 JT/#.
% 2 TEERNEEHERSEBHNRIKAKERE (5
e Wil ZE O ER OB #idk #IE T & T TR WL MR

1 4472 1342 1342 1342 224 224 0 0 0 0 0 0.005
2 3578 1073 10.73 1073 179 179 0 0 0 0 0 0.005
3 1342 44.72 1342 1342 224 224 0 0 0 0 0 0.005
4 1073 3578 10.73 1073 179 179 0 0 0 0 0 0.005
5 5.37 1789 537 537 089 0.89 0 0 0 0 0 0.04
6 429 1431 429 429 072 0.72 0 0 0 0 0 0.04
7 1789 537 537 537 0.89 089 0 0 0 0 0 0.04
8 1431 429 429 429 072 0.72 0 0 0 0 0 0.04
9 0 0.75 0 256 075 256 256 0 256 256 0.75 0.1025
10 0 0.60 0 205 060 205 205 0 205 205 0.60 0.1025
11 0 1.86 0 0 0 0 372 0 0 372 0  0.1025
12 0 1.49 0 0 0 0 298 0 0 298 0 0.1025
13 123 123 0 123 1.23 123 123 123 1.23 0 0  0.1025
14 098 0.98 0 0.98 098 098 098 098 098 0 0  0.1025
15 447 134 134 134 022 0.22 0 0 0 0 0  0.1025
16 358 1.0 107 1.07 018 018 0 0 0 0 0  0.1025
& 3 IHICEHAME. £7 6. ESEENFERKEENE
A CEMEE (i) 4776871 Off)  fEsees1 i) jﬁl%m;% o) 2

SN 1 5 15 9.90 9.39 8.40

g 2 10 30 9.70 9.23 8.20

KA 3 15 45 9.51 9.11 8.02

4.2 HEOIERSR

WA CPLEX 12.5 SRR S| = 16 B34, ia et T 10 22, 181518 A7 fE & pdlb AR
St ae oA, W 2. KRBV LY & BT AR, M——h R A T#mME. fT
Xt PG R A58 R M K L FR R 3 I 1 A 2 R ARG KR . BKRIT B R, PUR A BRI TR R, Fik
WEABRCHEMAETRENRA M. R THEE ST OME, FIS2RERRET, MRS



4 630 WD, S 5B AL AR T RE T A Y LS ) B LA RIS 1541

—EWI L SRR A R
AR (A1) F @iy - Vi SFT 0, BIARF B AR RES A, KA A liAn Jmm et e oA, I 3.
AT TS AP R TRET K, 68% HEHEERTESR. TR, RN, | FETERHE 0

Ko Agw. [0 O A Ky A O O A
Sk o Sl

T

}‘—FA

B 2 EBEREFRNESHELBFLES N H Bl 3 FEREFREHIESHEI BT YES
FREGAFBAN A REIE S RAI L, IR 4. GAFRA ARSI, FEIIHFLT,
ILTFHEIN 3.6% WIZRBTAA R PR 62.04% HYARTIALAS, Seflise Mk 39.93%, FEAFAAS T 2R IR %
% 89.51%. SERRRLA A, APRF T LR AR ST AN 2 doll, DASE I B 7 RE 1k 4.
& 4 BEESTEEREWVEFRENEEIEAXL ()

HAR(E fe ic pe he te lc BT
ZIBHETRE SIS 22 894.45 513.52 4.48 617.37 622.10 2051.82
REZEHFRE it 12 1488.91 0 42.69 436.94 1638.92 1980.53
AL +83.33%  —39.93% - —89.51% +41.29% —62.04%  +3.60%

LD A G IETT AT Wb R, BB AR B M R sl MEREE 15T A M k. RASK
(21)~(23) A (1), BIFEREALE M AEALXT LT AR . SETT AFLESAS I R

min f=Q—79)-c+vy-r (21)
c:fc—i—z'c—l—ZwS - (pcs + hes + tey), (22)
sES
r= Zws -les. (23)
sES

SHEE v =0,0.05,---,0.95, 1, SREEIEL AJfSLP A SIETIRAE Tradeoff BHLE, UL 4. 24 XU
M 0 HERZE 1, LA 0 HKZE 8546.83 J7, MBS ARY 99.4%. FEE KISALEIE K, FikEFEL
FIRFL AL, FHEIEINSEI S, LARRARS TRAL R AS i R

00 (1% 10500 77 G A WA - A
6000 9000
e 2000 W 7500
Fﬂ 4000 H 6000
% 3000 99.4% ?tJL 4500
2000 3000
1000 H B 1500
0 JiJt 0

0 1500 3000 4500 6000 7500 9000 0 0.1 02 03 04 05 06 07 08 09 1
2 JFN R

B 4 ZFHASEIEAN Tradeoff gtk B 5 TERRRETFEFHRA. BERAFERAN T ES
AREIXBEIALE T 2B A ETRA S AR, WA 5. KSAEXTZFAA . A
BEARIFER T3 0,0.3), 0.3,0.8] #1 (0.8, 1] 3 BBz, KEEATEIN 0 HERZE 0.3, £ 1640.64 JjiyEe



1542 AETRALSEZE % 38%

PR AS B FTREAR 76.8% ROFEST A, KURALETE [0.3,0.8] FERE U, S5 MAMEINAT BEEL, B
JEAS BN RUSALEL I 0.8 HERZE 1, $EN 6053.34 JTHIZHT AT AL 6.3% WTETIRLA. &5 Bk
SER ARG, AR TR BEAR A R B XU, T BB SRR/, feZE RN A I sE 4y A
FRREJIE RS, SRR EIRIN . SRR, KUSA B AR X A BB RE, i N BB, SOl fEMI R %
FRGFEHE. DR TE PR XA, ZET I utl, SRS X B R SR/ BRYI5E
PR XURE{EL.
4.3 SAA HFEBERMES R

1E CPU MIAAF AN Intel i5 3.2G HZ F1 4 GB BN LEIE SAA JPkmA R 4465 S| = 100
if, CPLEX 12.5 SRR AEFERT 515 70, et HARE N 3533.30 J77T. W Matlab2013a 4% SAA ¥k,
AR M| AERRAEEER, WAk 5. 5 CPLEX #HEEURME, 4 [N| = 10, M| < 30 B, SAA FPik#EE D,
HARSHE 0L HAME SR M HAMEZ IR 22 R AR 0.37%. 24 [N| [EAERE, (M| EBUR, "I
MRS, A BRI RS BT I (DA

x5 FE |M| ERKRFER (V] = 10)

|M]| 10 15 20 25 30

mHE] (FD) 137 206 274 343 411
i EFRE (770)  3544.25 3546.46  3543.00 3540.65 3537.59
Gap 031%  037%  027%  021%  0.12%

AR N AEXHETBARE g B30, W 6. AR IN| ERERIEER, Wk 6. 4 [M| AR, |N|
{EBUR, FEARIMETT HAMEZET A . 2 (1M],[N]) = (20,30) 57 (20,40) B, fhiHEIRE S M E IR
ERZERRAON 0.05%. FEAREAZ, #HEANITREERE, PoRfeREsE, SAA JILERER.

3700 7C

3680 °
3660

f 3640
i 3620 e

E 3600 . .
i 3580 ’

3560 0

9
3540 ' (]
3520

N=10 N=20 N=30 N=40
FEAR S A

B 6 RE [N| X EHRE gn BB (IM] = 20)
% 6 FF V| EHRBEE (M| = 20)

IN| 10 20 30 40
i (8) 274 761 1594 2709
fiFERME (578)  3543.00 3538.29  3535.10 3535.14
Gap 027%  0.14%  0.05%  0.05%

5 &g

HARREXMELER N, FEFRBEAWRKATREN,, B ST ek m im ™Rk, N5t
PR TRAS R HT AL, A9 SCHR H 5 AR AR = BE ik 45 B L S L L TP, S ST T S i o B R AL
MRIBEE, STRHZARRME SAA J7ik, Bt AR EM SRS, HEA I R A AR, %
Wit M BE AR IR SR, SRS RRY], SRR AT RE I R AN A S A YIS AR R
R N A, Bl RIE IS SRR el 4 sk ey R (I e IR N Bl &2, B S A
FIXE, SR 2RI EBERK; 5 CPLEX fHES, SAA JridsRM KBNS 5 MISHERT 3E . A SCHFFT



4 630 WD, S 5B AL AR T RE T A Y LS ) B LA RIS 1543

YR T RENLALERIRA SAA TP RIS, A B THE =N S TiE % . Al i Fm A s ik S8
N RACR S 5 R IR R IR LR F .

CEZEEE B RIKAI (2016-2020 4F) ) BHERSR H, BREROKYI R SR, SSHRIDF i E R
HIBE . BATHLAIA AL, BRI RO HEE S RO PS5 (W) B S s Be e .
FEERRY, BB il BT ARSI R 2850, SRR A RE St MO S S i AL &
2T, B RS B A5 PR AR B A e SO B —, B B RUREAG L], BLLASEbe e . EEE
WSS, ol UhE. A R E R & S 2 M7, LN S RSN S —r Y S R B
T, WERAZ T S BRI R, R R E IR TR AR

I S L B R TR P, RORAE SE T i 22 B, andinall A= 7 B8 T WA S AR R R 26 1 2 49 %
PENZCR, AFRERE & AR R TR E TSGR ER, NS S al Sl — LA R AR
RREWTR. B, HE—57518 Lk S EAEE N A E.

e

(1] e N RIEAIE R BORRAI 55 5] . ERLGRE PRI “+=H #ikl [EB/OL]. [2016-11-20]. http://cws.mca.
gov.cn/article/jhgh.201102/20110200133426.shtml.

(2] k3. M SPBEAE AR R HAEERPTS [D]. JLat JLRtsClERE, 2010.

(3] KA. FEBUFNV. YT SEATIE [J]. 25 5E R, 2011, 25(2): 92-96.
Zhang Y L. The study on emergency material reserve model of Chinese government[J]. Economy and Manage-
ment, 2011, 25(2): 92-96.

[4] Doyen A, Aras N, Barbarosoglu G. A two-echelon stochastic facility location model for humanitarian relief
logistics[J]. Optimization Letters, 2012, 6(6): 1123-1145.

(5] HZE, Bk, B BUF I SHEET YRR AM N S TERIGEA] [J]. R4 T 5508k, 2014, 34(10): 2582
2590.
Tian J, Ge Y L, Hou C C. Government-driving emergency supplies procurement model based on real option
contract[J]. Systems Engineering — Theory & Practice, 2014, 34(10): 2582-2590.

[6] Falasca M, Zobel C W. A two-stage procurement model for humanitarian relief supply chains[J]. Journal of
Humanitarian Logistics and Supply Chain Management, 2011, 1(2): 151-169.

[7] Balcik B, Ak D. Supplier selection for framework agreements in humanitarian relief[J]. Production and Operations
Management, 2014, 23(6): 1028-1041.

(8] Bk, XM BARRFHER TR YR ERMRETIREL [J]. RE TR S, 2014, 34(12): 3034-3042.
Ge H L, Liu N. A stochastic programming model for relief resources allocation problem based on complex disaster
scenarios[J]. Systems Engineering — Theory & Practice, 2014, 34(12): 3034-3042.

[9] Roni M S, Jin M, Eksioglu S D. A hybrid inventory management system responding to regular demand and surge
demand[J]. Omega, 2015, 52: 190-200.

[10] Mansini R, Savelsbergh M, Tocchella B. The supplier selection problem with quantity discounts and truckload
shipping[J]. Omega, 2012, 40(4): 445-455.

[11] Hammami R, Temponi C, Frein Y. A scenario-based stochastic model for supplier selection in global context
with multiple buyers, currency fluctuation uncertainties, and price discounts[J]. European Journal of Operational
Research, 2014, 233(1): 159-170.

[12] Qian L. Market-based supplier selection with price, delivery time, and service level dependent demand[J]. Inter-
national Journal of Production Economics, 2014, 147: 697-706.

[13] Ware N R, Singh S P, Banwet D K. A mixed-integer non-linear program to model dynamic supplier selection
problem[J]. Expert Systems with Applications, 2014, 41(2): 671-678.

[14] Guo C, Li X. A multi-echelon inventory system with supplier selection and order allocation under stochastic
demand[J]. International Journal of Production Economics, 2014, 151: 37-47.

[15] Deng S, Aydin R, Kwong C K, et al. Integrated product line design and supplier selection: A multi-objective
optimization paradigm[J]. Computers & Industrial Engineering, 2014, 70: 150-158.

[16] Choudhary D, Shankar R. Joint decision of procurement lot-size, supplier selection, and carrier selection[J].
Journal of Purchasing and Supply Management, 2013, 19(1): 16-26.

[17] Choudhary D, Shankar R. A goal programming model for joint decision making of inventory lot-size, supplier
selection and carrier selection[J]. Computers & Industrial Engineering, 2014, 71: 1-9.

(18] B, ZEMA. HT AL NIRA R A R b e [J]. TALTAR, 2015, 18(2): 15-19.

Lou J, Li C D. Capacity reserve strategy of emergency materials based on evolutionary game[J]. Industrial



1544 Ao TRAERS LK % 38%

[19]

[20]

[21]

22]

23]

[24]

[25]
[26]
[27]
28]
[20]

[30]

Engineering Journal, 2015, 18(2): 15-19.

VR, 08, ket Pl Ieifites . AP R AR SRR IR ENERT R [J]. HEE BRI, 2013, 21(5): 149-156.
Chen T, Huang J, Zhang L. Research on coordination of the enterprises in-kind agreement physical reserves and
production capacity reserves mode[J]. Chinese Journal of Management Science, 2013, 21(5): 149-156.

Bk, SEFFEE. SR FAKRT. S BLAER S A [J]. RECTAE, 2014, 32(2): 84-90.

Chen Y H, Shi K J. Emergency materials reserve mode based on government and manufacture joint before
emergencies[J]. Systems Engineering, 2014, 32(2): 84-90.

SKE L, ZEEFH, TR ETAREIME S RSP LB (1] 225, 2009, 18(1): 146-150.
Zhang 7Z L, Li X Y, Wang G S. Research on selecting emergency material agreement enterprises based on
productivity reserve[J]. Operations Research and Management Science, 2009, 18(1): 146-150.

SKEAL, ZEREE, BB ETAE R ILREES M BUR ALY 2 2 P AL [J]. EE TR, 2011, 25(1): 56—
61.

Zhang Z L, Li X Y, Zhang Z Q. Emergency fund planning model based on associated production capacity reserve
of the government and enterprises[J]. Journal of Industrial Engineering/Engineering Management, 2011, 25(1):
56—61.

Barbarosoglu G, Arda Y. A two-stage stochastic programming framework for transportation planning in disaster
response[J]. Journal of Operational Research Society, 2004, 55: 43-53.

Chang M S, Tseng Y L, Chen J W. A scenario planning approach for the flood emergency logistics preparation
problem under uncertainty[J]. Transportation Research Part E: Logistics and Transportation Review, 2007, 43(6):
737-754.

Rawls C G, Turnquist M A. Pre-positioning of emergency supplies for disaster response[J]. Transportation Re-
search Part B: Methodological, 2010, 44(4): 521-534.

Mete H O, Zabinsky Z B. Stochastic optimization of medical supply location and distribution in disaster man-
agement[J]. International Journal of Production Economics, 2010, 126(1): 76-84.

Dong J X, Lee C Y, Song D P. Joint service capacity planning and dynamic container routing in shipping network
with uncertain demands|J]. Transportation Research Part B: Methodological, 2015, 78: 404—421.

Long Y, Lee L H, Chew E P. The sample average approximation method for empty container repositioning with
uncertainties[J]. European Journal of Operational Research, 2012, 222(1): 65-75.

Ozdemir D, Yiicesan E, Herer Y T. Multi-location transshipment problem with capacitated production[J]. Eu-
ropean Journal of Operational Research, 2013, 226(3): 425-435.

RS, RIS, 2008 45-F F RO R4 (0], SRR, 2009(1): 7-9.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


