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Multi-objective Location-routing Problem in Emergency Logistics as Time Varies

ZHAO Jiahong
( School of Transportation and Logistics Southwest Jiaotong University Chengdu Sichuan 610031 China)

Abstract: The multi-objective location—routing problem in emergency logistics aims to decide where to open
emergency logistics centers how much capacity and how to route different types of emergency relief between
relief collection nodes emergency logistics centers and relief demand nodes. Based on the current literatures

considered the diversity of relief demands as time varies as well as the diversity of relief types and emergency
logistics centers” minimize treatment amount requirements taken the route capacity and the emergency
logistics centers” capacity with surplus degree as constraints and taken the minimum time and cost as optimal
objectives a multi-objective 0 — 1 mixed-integer linear programming model for this problem was proposed.
Adopted percentage normalization technique to normalize the objective units the algorithm was designed to
solve this model. Through an experimental example a comparing analysis of the time and cost between this
0 -1 mixed-integer linear programming model and the exiting one was conducted. The results proved that the
location—routing scheme got from this new model could decrease the cost and time when comparing with the
exiting model and then this new model would be more in line with the practice of emergency logistics
management.

Key words: transport economics; location—outing; multi-objective model; goal programming; emergency

relief; time-varying
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Fig. 1 Emergency logistics system
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. Tab.2 Relief demand nodes
. . 1 2 3
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13 10 400 500 200 400 500 200 400 500 200
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3
Tab.3 Emergency logistics center candidates
/(CNY + 1 /(CNY+ 1) J(CNY + 1 /(CNY = 1)
( x10° CNY) 1 2 3 1 2 3 1 2 3 1 3
4 30 200 350 300 600 1 000 800 1 2 2 100 200 120
5 20 200 350 300 1000 1200 700 3 3 4 150 180 140
6 20 200 350 300 800 600 500 2 2 1 200 120 100
0.15 N
4
Tab. 4 Links between relief collection nodes and emergency logistics center candidates
/km /h /
4 5 6 4 5 6
4 5 6
1 2 3 1 2 3 1 2 2 3 1 2 3 1 2 3
1 5 6 2 7 10.5 21 3 4.5 9 8 12 24 150 120 180 100 80 120 120 100 140
2 2 4 6 5 7.5 15 3 4.5 9 7 10.5 21 160 130 150 120 100 140 150 120 180
3 8§ 3 4 2 3 6 10 15 30 5 7.5 15 120 100 140 100 80 120 100 80 120
5
Tab.5 Links between emergency logistics center candidates and relief demand nodes
/km /h /
7 8 9 7 8 9
7 8 9
1 2 3 1 2 3 1 2 3 1 2 3 2 3
4 6 4 7 6 9 18 3 4.5 9 8 12 24 120 100 140 150 120 180 100 80 120
5 3 4 4 3 4.5 9 4 6 12 1 1.5 3 150 120 180 160 130 200 120 100 140
6 5 8 3 8 12 24 6 9 18 5 7.5 15 100 80 120 120 100 100 100 80 120
6
Tab. 6 Links between relief collection nodes and relief demand nodes
/km /h /
7 8 9 7 8 9
7 8 9
1 2 3 1 2 3 1 2 3 1 3
1 12 12 10 6 9 18 3 4.5 9 5 7.5 15 100 80 150 120 100 120 150 100 180
2 4 8 13 4 6 12 5 7.5 15 4 6 12 120 90 160 150 120 120 160 180 150
3 10 9 15 3 4.5 9 6 9 18 2 3 6 100 80 120 100 80 100 120 120 150
3.2 CNY
10. 6% 17. 1% ELMLRP
ELLRP ° 7

51770 h 10 003 000



142 29
7
Tab.7 Parts of result of multi-objective problem
/ 1 2 3
/h
CNY 1 2 3 1 2 3 1 2 3
1-4 100 1-420
2 -4 100 1-570 1-4 160 1-5 100
1-4 160 1 100 1 -4 160
1-4 100 3-420 2-4 40 2-5 80 1-5095 2 -4 100
2-4 40 4 100 2-4 40
4 -7 100 4 -7 120 3-4 100 4-1 100 2-440 2-540
4 -9 200 1 300 4 -7 100
1 -7 300 1-7 220 4-8 120 5-8 150 2-585 4 -8 120
53570 11881955 45 1-7 40 2 100 4 -9 100
2 -8 200 1-8 180 1-7220 1-7100 4-7200 5-8 140
1 -8 300 2 200 1-7 40
2 -9 200 2-7 180 2-7280 1-9 130 5-9 180 1-7 40
2 -7 260 2 100 1-8 300
3-8 100 2-920 3-9 100 2-8 50 1 -8 200 1-9 240
3 -7 100 3 100 2 -7 260
3-920 2970 1-945 2-7 160
3 -9 300 3 -9 300
(1 -4 100) | 4 100
SocioEconomic Planning Sciences 2012 46 (1):
: 4 -13.
. 3 HAGHANI A OH S C. Formulation and Solution of a
Multi-ecommodity Multi-modal Network Flow Model for
Disaster Relief Operations ] . Transportation Research
A: Policy and Practice 1996 30 (3): 231 -250.
ELMLRP °
4 GUTIERREZ G J KOUVELIS P KURAWALA A A. A
Robustness Approach to Uncapacitated Network Design
2 Problems J . European Journal of Operations Research
2 1996 94 (2): 362 -376.
ELMLRP 5 FIEDICH F GEHBAUER F RICKERS U. Optimized
IBM 1LOG Resource  Allocation for Emergency Response after
CPLEX. GAMS LINGO . Earthquake Disasters ] Safety Science 2000 35
(1/3): 41 -57.
6 OZDAMAR L  EKINCI E  KUCUKYAZACI B.
Emergency Logistics Planning in Natural Disasters ] .
° Annals of Operations Research 2004 129 ( 1/4):
217 -245.
7 TZENG G H CHENG HJ HUANG T D. Multi-objective
Optimal Planning for Designing Relief Delivery Systems
J . Transportation Research Part E 2007 43 (6):
o 673 - 676.
8 .
J. 2003 18 (1) : 49 -54.
References: FANG Lei HE Jianmin. Optimal Location Model and
Algorithm of E Syst . 1 of Syst
1 SHEU J B. Challenges of Emergency Logistics . g(fn m © 231((;?6;0}] : v ZI; 5'14 Journal of Systems
Management ] Transportation Research Part E: ngtecting (1) o
9

Logistics and Transportation Review 2007 43 (6):
655 —659.
CAUNHYE M A NIE X F POKHAREL S. Optimization

Models in Emergency Logistics: A literature Review ] .

J . 1999 12 (4):
351 - 356.

( 148 )



148

29

Volume ] .
4 (6): 56 -59.

Modern Transportation Technology 2007

J. 2009 26 (10): 149 -158. 10
YUAN Changwei WANG Jianwei. Analysis of Statistical
Method of Expressway Freight

Flow Volume and

Verification ] . Journal of Highway and Transportation
Research and Development 2009 26 ( 10): 149 -
158.
11
J. 2009 (224): 26 -30.
CHEN Shanzhi ZHANG Jianyong LI Chao

Relationship of Freight Volume and Axle

et al.
Load on
Expressway J 2009

(224) : 26 -30.

Transport  Standardization

R . : 2005.

Highway Department of Ministry of Communications The
Printed Notice about the Guide Opinion of Taking the Trial
Practice of Loading-based Toll Collection R Beijing:
Highway Department of Ministry of Communications 12
2005.

J. 2011 28 (5):
153 - 158.
LIU Yonghua et al.

HE Yongjun MIAO Yingfeng

Research and Improvement of Expressway Loading Based

Toll Collection Model ]
Transportation Research and Development
(5): 153 -158.

LIU Yonghua SUN Jingyi MIU Yingfeng. Research on
the Calculation Method of Link Traffic Volume Based on

Journal of Highway and
2011 28

Database of Expressway Loading Based Toll Collection
c /2011
Electronics

IEEE 2011:

International Conference on Consumer
Communications and Networks

3478 - 3481.

Xianning :

2007.
Traffic

Yunnan Provincial

Yunnan Communications Department Science
Research Institute of Yunnan Province
Highway Investment and Development Co. Lid. Hearing

Report about Standardizing and Adjusting the Charging

Fees Criterion of Passing Vehicles on Operating
Expressway in  Yunnan Province R Kunming:
Yunnan Communications Department 2007.

I 2007 23 (17):

44 - 46.

YE Changzheng ZHONG Zufeng. Realization of an OD
Traveling Time Forecast System Based on Highway Network
Toll Data ] 2007 23
(17): 44 -4e6.

Microcomputer Information

10

11

142 )
LIU Chunlin

Programming for

HE Jianmin SHENG Zhaohan.
Scheduling  Problem

Fuzzy

in  Emergency

Systems J . Journal of Systems Engineering 1999 12
(4): 351-356.
12
I 2002 12
(2): 25-28.
LIU Chunlin SHI Jianjun LI Chunyu. Selection of the
Combinatorial Optimal Scheme for Fuzzy Emergency
System ] Journal of Industrial Engineering and 13
Engineering Management 2002 12 (2): 25 -28.

2008 26 (8):

21 -25.
ZHENG Bin FANG Tao.

objective Location—routing Problem in Emergency Logistics

Systems Engineering 2008 26 ( 8):

MA  Zujun Fuzzy Multi-
System ]
21 -25.

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.

TAMIZM JONES D ROMERO C. Goal Programming for
Decision Making: An Overview of the Current State-of-the—
art J
1998

European Journal of Operational Research

111 (3): 569 - 581.



