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Site selection of emergency material warehouse under fuzzy environment
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Abstract: The objective of this work was to determine the location of emergency material warehouses. For the site selection problem
of emergency material warehouses, the triangular fuzzy numbers are respectively demand of the demand node, the distance between
the warehouse and demand node and the cost of the warehouse, a bi-objective programming model was established with minimum
total cost of the system and minimum distance between the selected emergency material warehouses and the demand node. Using the
theories of fuzzy numbers, the fuzzy programming model was transformed into a determinate bi-objective mixed integer
programming model and a heuristic algorithm for this model was designed. Then, the algorithm was proven to be feasible and
effective through a numerical example. Analysis results show that the location of emergency material warechouse depends heavily on
the values of degree a and weight w;. Accurate information of a certain emergency activity should be collected before making the

decision.
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1 Introduction

Emergency material warehouse is an essential
infrastructure for emergency aid. China’s network of
emergency material warehouses has already taken shape,
and a certain number and varieties of disaster relief
supplies are stored. Despite their important role in the
emergency rescue, there are still many problems in the
layout of relief material warehouses. Therefore, it is of
great significance to study the site selection of
emergency material warehouse. The scientific and
reasonable site selection of emergency material
warehouse will provide theoretical guidance and
technical support for the programming of emergency
material warehouse, and to improve the efficiency of
emergency rescue and reduce the cost. The site selection
of emergency material warehouse belongs to the problem
of site selection of facility warehouse. Since HAKIMI [1]
researched site selection of multiple facilities in the
network, scholars have done a lot of research on site
selection of facility, and push the theoretical research of
site selection of facility into prosperity. VIDAL and
GOETSCHALCKX [2] summarized the current status of
site selection research, and note out the research
orientation of emergency logistics system. LIN et al [3]
proposed the location of temporary depots around the

disaster-affected area and a two-phase heuristic approach.

BERALDI and BRUNI [4] established a probability

along with the required vehicles and resources, to
improve logistical efficiency and model of rapid
decision-making concerning site selection in emergency
situation. The model revealed the uncertainty of
decision-making process by embedding stochastic
programming into the conventional two-stage
programming. Moreover, a suitable heuristic algorithm
was proposed. LIU and ZHANG [5] studied on location
selection of multi-objective emergency logistics center
based on AHP, it applied the interrupt delay constraint on
the basis of considering the environment, economy and
technical factor, and it considered that the time objective
is priority to the cost objective. LIU and SHEN [6] and
FANG and HE [7] respectively examined continuous
consumption and optimization of site selection of
emergency system. HUANG et al [8] proposed a
variation of the P-center problem and designed a
dynamic programming approach. In the P-center
problem, it is assumed that the facility located at a node
responds to demands originated from the node.
Considering that this assumption was not valid for
large-scale emergencies where most of the facilities in a
whole city may become functionless. ZHANG et al [9]
took the model of multilevel fuzzy optimization into
location decision on distribution center of emergency
logistics for emergency event, and used information
entropy and analytical hierarchy process to determine the
combined weight of the indexes, which provided a new
way for location decision on distribution center of
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emergency logistics. TREVOR and CHRISTOPOHER
[10] focused on the choice of emergency logistics nodes,
and established a quantitative model depending on the
storage amount of emergency material of the node.
ZHANG and YANG [11] considered perishable
commodities, time constraint, demand constraint, in
order to minimize the total cost. YASANUR [12]
considered the location problem based on a combination
of the fuzzy-analytical hierarchy process and artificial
neural networks methods in the process of
decision-making. WANG and HE [13] focused on the
logistics center location and allocation problem under
and proposed a robust
optimization model using the formation of regret model.
GUO and QI [14] considered the transportation costs to
be interval numbers and minimized the total cost to
select the emergency material warehouses. The
multi-objective  model is transformed into a
single-objective problem and mainly pursues the goal of
efficiency and fairness, METR and ZABINSKY [15]
analyzed the earthquake scenarios of the Seattle area and
developed a two-stage stochastic programming model for
the storage and distribution problem of medical supplies.

Most of the existing literature studied the problem
of site selection of the distribution center either with the
minimum cost of the system or the minimum total
distance in a determinate environment. Few researches
investigate site selection of distribution center by
meeting both of the requirements. Though GUO and QI
[14] considered the location problem which treated the
transportation cost as interval number, it didn’t consider
the distance between the material warehouse and each
demand node, but the total distance plays a very
important role in real emergency activities. The demand
of the demand node, the distance from emergency
material warehouse to the demand node and the cost of
the warehouse were treated as triangular fuzzy numbers,
the site selection of bi-objective emergency material
warehouse with minimum total distance and lowest cost
of the system were discussed.

uncertain  environment

2 Problem description and model building

2.1 Problem description

Suppose that J={1, 2, *-, n} is the set of serial
numbers of n candidate sites of warehouses in the
emergency logistics system, and /={1, 2, >, m} is the
set of serial numbers of m emergency material demand
nodes in the emergency logistics system. A warehouse
with the reserve capacity of §; is built on the j-th site; the
unit transportation cost from the j-th site to the i-th
demand node is c; the cost (variable cost and fixed cost)
of~ building warehouse in the j-th site is f]
(f; =7, /" /) is a triangular fuzzy number).

Considering that emergency logistics system is formed
specifically to manage emergency event, the demand
amount of emergency materials in the i-th demand node
is a fuzzy  parameter, denoted as 15,-
(D, =(DP,D,D?) is a triangular fuzzy number). The
distance from the j-th candidate warehouse to the i-th
de~mand node is also a fuzzy parameter, denoted as c?ij
(d; =(d},d;j',dy) is a triangular fuzzy number). p sites
are selected among the n candidate warehouse sites to
build the warehouse (supposing that there are at least p
warehouse sites which enable the warehouse built in
these sites to satisfy the demand of each demand node),
so that the demand amount of each demand node is
satisfied, and the supply amount of the warehouse does
not exceed its capacity limit. The question is how to
select the sites of emergency material warehouses and
how to determine the supply amount of the demand node,
to ensure the minimum total distance between the
selected warehouse sites and the demand nodes and the
lowest total cost of the system.

2.2 Model building

Suppose that x; is the amount of emergency
materials supplied from the j-th warehouse to the i-th
demand node; y={0,1}, when y~=1, it is indicated that the
Jj-th candidate warehouse site is selected, and when y=0,
it is indicated that the j-th candidate warehouse site is not
selected. Based on the description and presumptions
above, the mathematical model of site selection of

emergency  material  warehouses under  fuzzy
environment can be obtained.
Model I:

min z, :Z Z N,-jyj (1)

m. o n ~ n_
minzy, =Y Y cdyx;+Y. [y, (2)
=1 j=1 j=1

s.t. inj <8y, G=L 2, -, n) 3)
i=1
dyi=p (4)
Jj=1
D x;2D (=12, -, m) (5)
Jj=1
yJG{O,l}(J:L 2s sn) (6)
xlj 20(121, 27 .”’ m’jzlﬂ 2’ ”-’ n) (7)

The objective function Eq. (1) represents the total
distance between the warehouses and the demand nodes;
Another objective function Eq. (2) represents the total
cost of the system, including transportation costs and
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warehouse cost. The constraint condition (Eq. (3))
specifies that the supply amount of the selected
warehouse cannot exceed the amount that can be
supplied; Constraint condition (Eq. (4)) specifies that p
sites must be selected to build the emergency material
warchouse; Equation (5) specifies that the demand of

each demand node should be satisfied.

2.3 Model solution
2.3.1 Model transformation

Model I is a fuzzy programming model. In order to
solve it, the model should be transformed into a
determinate one. According to Ref. [16], it is supposed
that ¢=(cP,c™,c®) is a triangular fuzzy number. Then
the membership function can be defined as follows:

if P<x<c™

L=
C

1 if x=c™
Uz (x) = (®)

x—c? .
g (x)=— if ¢mM<x<c
oM

0 if x<cPorx>c’

According to Ref. [17], the expectation range and
expectation value of the triangular fuzzy number
¢=(c?,c™,c°) can be defined as

E(@) =[E ES)=[,  ()de [ g7 (x)dv] =

[%(cp remy,

%(c" re™)] ©)

Ef+E; P +2c™+c°
Ey(@)="1—2%= 10
v(©) 5 2 (10)
According to Ref. [17], for any pair of fuzzy
numbers a and b, the degree of a bigger than b

can be defined as

0,if E§ —E} <0
E5 —E/
tyy (@,b) = E§ — ) —(E' = E})’ (1)
if B —E) <O<E§ —E}
1,if Ef —E3 >0

When yM(&,l;)Za , we say that a is greater
than or equal to b by at least a degree (written
as az, b ), and «ae(0,1] is given by the decision
makers.

According to Ref. [15], if a> a/2l;, A<, b, we
say that @ is equal to b by at least o degree.

Thus, Model I can be transformed into the following
determinate bi-objective programming model.

Model II:

i=l j=1

m n (dP 4+2d" +d°.
. _ if if ij
minz, = 4 i+
i=1 j=1

n P m. o
Z(fﬁz];ﬁf,}j 03

dp de +d’;
minz, = ZZ( ! y ],V‘, (12)

J=1

st Y x; <8y, (=12, -, n) (14)
i=1
dyi=r (15)
Jj=1
n p m m
Dox; 20{[ l J+(1 a)(uJ
s 2
J=1
(=12, -, m (16)
v, €{0.13(j=1,2, -+, n) (17)
x;200=12, -, mj=12, -, n) (18)

2.3.2 Algorithm design

Model II is an NP-hard problem. The bi-objective
programming model can be transformed into a
single-objective one. Given the different dimensions of
the two objective functions, we first made the objective
function dimensionless, and then transformed
bi-objective model into a single-objective one by liner
weighting method, as shown below:

Step 1: Look for the set of feasible solution

QZ{YI’YZ’,Yq}(qgc}:) of Y:{yla Yo, =,
Va}, Where Yz(O,u-,l,O,u-,

1

1,'--0,1,'--0]represents
i i p

that in the i-th feasible solution, the address set
O ={i,iy, -,

of the warehouse sites is p and the warehouses built on

i,} satisfies the condition that the number

these p warehouse sites can meet the total demand of the
demand nodes.

Step 2: For each Y,(i=12,---
value of z;, which can be successively denoted as zj,

,q), calculating the

z12, ", Zigs and notes z™™ =max {z;,25, .2, } -

Step 3: For each Y,(i=12,---,9), treating z, as the
objective function separately to solve the following
transportation problem:

Po+2d™,
mmzz_zz[" 2 d’f}x,,+

i=1 je®

SR +2f
g Lt

j€®
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s.t. Zx,j_S (je®)

Y x, 2o DR gy DLEDT
A 2

jeO®
(=12, -, m)
X; 20G=12, -, m;je®)
The value of z, can be obtained, and denoted
successively as  zy, zp», ', 2z, and notes
max __ .
Zy =maxizy;,Zy,cs Iyt

Step 4: For eachY;(i=1,2,--,q), treating Eq. (15)
as the objective function, to solve the following model
W +w, =1,0<w,w, <1).

P, +2d™, +d°,

i=1 je®
o (dP,+2d™; +d°,
ZZ X +
22 €0 i=1
p m o
L2+ (19)
Z;nax s 4

s.t. Zx,j <§,(je0O)

D! + D" DY + D"
oo f

j€®
(i:132a'“9m)
X; 200 =12,,m; j€®)

The value of z can be obtained, and denoted
successively as zl,zz,---,z"; the optimal value of z
is zP' z?}, and the optimal solution is

x5}

P )
=min{z ,z",---,

3 Numerical example

There are six candidate warehouse sites and six

Table 1 Distance between candidate warehouse to each demand node

emergency demand nodes. three candidate sites will be
selected from the six nodes as the sites for emergency
facilities. The relevant data are listed in Table 1.

Since the emergency warehouse is used for
emergency rescue, the minimization of the total distance
should be the priority. We select w=0.8 and 0=0.5,
¢=0.15. Using the above algorithm, the results are
obtained as follows.

1) The sets of the eligible candidate warehouses are:
Y={1,1,1,0,0,0}, Y,={1,0,1,0,1,0}, Y5={0,1,1,1,0,0},
Y+~={0,1,1,0,1,0}, ¥s={0,0,1,1,1,0}, ¥:={1,0,1,1,0,0}.

2) The values of z; calculated for each Y(i=1, 2,

6) are z;=1 070.25, z;,=1 230.5, z3=1 230.75, z;,=
1 300.25, z;5=1 420.75, z16=1 320.5.
From the data above, it can be known that
" =1420.75.

3) The values of z, can be solved by solving the
transportation problem for each Yi(i=1, 2, =, 6). zp;=
1 052, zp=1 010.375, z,3=1 216.375, z4=1 125.531,
z55=1 117.75, z56=1 090.5.

From the data above,

™ =1 216 375.

4) ™ =1420.75 and z™ =1216.375 are
introduced to Eq. (19). The values of z are obtained for
each Y,(i=1, 2, ---, 6): z'=0.172, 2*=0.166, z’=0.199,
£*=0.184, °=0.183, z°=0.188.

From the data above, it can be known that the

it can be known that

optimal value of z is 0.166, and the optimal solution is
Y, ={1,0,1,0,1,0,0} and x;s=15, x23=2.75, x,5=21, x3,=10,
x41=18, x43=10, x53=7, x63=12.75.

Therefore, the emergency material warehouses are
built respectively on the first, third and fifth sites. The
specific distribution solution is as follows.

The warehouse built on site 1 supplies respectively
10 and 18 units of emergency materials to demand nodes
3 and 4; the warehouse built on site 3 supplies
respectively 2.75, 10 and 12.75 units of emergency
materials to demand nodes 2, 6 and 4; the warehouse
built on site 3 supplies 15, 2 and 28 units of emergency
materials to demand node 1, 2 and 4.

Then, the minimum total distance is 1 215, and the
minimum total cost of the emergency system is

Demand node

Warehouse site

1 2 4 5 6
1 (20,30,40) (60,80,90) (10,30,50) (60,70,90) (50,70,09) (30,60,80)
2 (30,40,60) (50,70,80) (40,60,70) (50,80,90) (70,90,100) (20,50,70)
3 (10,30,40) (30,60,70) (30,60,80) (30,40,50) (40,60,80) (10,12,13)
4 (50,70,90) (70,90,100) (20,50,70) (70,90,100)  (120,130,150) (60,80,90)
5 (100,120,130) (40,60,80) (40,60,80) (130,140,160) (20,50,80) (80,90,100)
6 (120,130,150) (20,50,80) (70,80,100) (10,40,60) (40,60,70) (10,20,40)
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Table 2 Cost and reserve capacity of warehouses built on
selected sides and demand of demand nodes

Cost (f,) Capacity (S)) Demand ( D,)
(80,100,120) 28 (12,15,18)
(160,180,200) 24 (20,24,27)
(150,170,190) 45 (8,9,12)
(95,115,155) 30 (26,28,20)
(130,150,170) 36 (5.5,6.5,9.5)
(45,60,75) 20 (9,13,16)
1 045.025.

Since the deciders’ preferences or local situations
are different, so the degree o and the weight w; should be
taken different values. Using the above algorithm with
different values of degree o and weight wy, the results
can be obtained, then by using the plotting function of
MATLAB, the following two figures of the total cost and
total distance can be got.

According to Figs. 1
conclusions can be got.

and 2, the following

1250

*—Weight: 0.9
=" —Weight: 0.8
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Fig. 1 Different degree o and weight w; of corresponding total
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Fig. 2 Different values of degree a and weight w; of
corresponding total distance

1) Generally, with the degree a and the weight w,
increasing, the total cost gradually increases;

2) With different values degree o and weight wy, the
total distance changes a lot, and when the degree «
decreases to a certain level, the total distance remains
unchanged.

So, decision maker should choose appropriate
degree a and weight w, according to the actual situation
to ensure the highest rescue efficiency and reduce rescue
cost at the same time.

4 Conclusions

1) Site selection of emergency material warehouse
is one of the important problems in emergency
managements. It is highly significant to build effective
emergency material warehouse network to ensure the
supply of emergency materials, to best safeguard
people’s lives and property safety and to reduce the
losses caused by emergencies. This work provides a
basis for decision-making related to site selection of
emergency material warehouse, with a certain practical
significance.

2) Through above analysis, the results of emergency
activities rely heavily on the values of degree a and
weight wy, and decision makers play an important role in
the location of emergency activities. Therefore, accurate
information of a certain emergency activity should be
collected before the decision made.

3) The double-level network of distribution centers
and demand nodes is discussed. Considering the
complete supply chain of emergency activities, the three
level network of supply nodes, distribution centers and
demand nodes can be discussed in the following work.

References

[1]  HAKIMI S L. Optimum location of switching centers and the
absolute centers and medians of a graph [J]. Operations Research,
1964, 12(3): 450—459.

[2] VIDAL C, GOETSCHALCKX M. Strategic production distribution
models: A critical review with emphasis on global supply chain
models [J]. European Journal of Operational Research, 1997, 98(1):
1-18.

[3] LIN Y H, BATTA R, ROGERSON P A, BLATT A,FLANIGAN M.
Location of temporary depots to facilitate relief operations after an
earthquake [J]. Socio-Economic Planning Sciences, 2012, 46(2):
112-123.

[4] BERALDI P, BRUNI M E. A probabilistic model applied to
emergency service vehicle location [J]. European Journal of
Operational Research, 2009, 196(1): 323-331.

[5] LIU Hong, ZHANG Xiao-hua. Study on location selection of
multi-objective emergency logistics center based on AHP [J].
Procedia Engineering, 2011, 29(15): 2128-2132.

[6] LIU Chun-lin, SHEN Hou-cai. Two-objective optimization model for
discrete emergent supply system [J]. Chinese Journal of Management
Science, 2003, 11(4): 122—124. (in Chinese)



J. Cent. South Univ. (2013) 20: 1610-1615

1615

(7]

(8]

(9]

[10]

(1]

[12]

FANG Lei, HE Jian-min. Optimal location model of emergency
systems by a given deadline [J]. Journal of Industrial Engineering
and Engineering Management, 2004, 18(1): 48—51. (in Chinese)
HUANG R B, KIM S, MENEZES M. Facility location for
large-scale emergencies [J]. Annals of Operations Research, 2010,
181(1): 271-286.

ZHANG lJin-hui, TIAN Chen-fang, ZHANG Nan-nan, FANG Wei.
Location decision model on distribution center of emergency
logistics for emergency event based on multilayer fuzzy optimization
[C)/ International Conference on Energy and Environment
Technology, Guilin: IEEE Press, 2009: 385—388.

TREVOR H, CHRISTOPHER R. Improving supply chain disaster
preparedness: A decision process for secure site location [J].
International Journal of Physical
Management, 2005, 35(3): 195-207.
ZHANG Min, YANG Jun. Optimization modeling and algorithm of
facility location problem in perishable commodities emergency
system [J]. Natural Computation, 2007, 1(3): 246—250.

YASANUR K. A conceptual model for intermodal freight logistics
centre

Distribution & Logistics

location decisions [J]. Procedia-Social and Behavioral

[13]

[14]

[15]

[16]

[17]

Sciences, 2010, 2(3): 6297-6311.
WANG Bao-ding, HE Shi-wei. Robust optimization model and
algorithm for logistics center location and allocation under uncertain
environment [J]. Journal of Transportation Systems Engineering and
Information Technology, 2009, 9(2): 69—74.
GUO Zi-xue, QI Mei-ran. Minimum cost model of emergency
material storage location based on interval number [J]. Operations
Research and Management Science, 2010, 19(1): 15-20. (in Chinese)
METR H, ZABINSKY Z B. Stochastic optimization of medical
supply location and distribution in disaster management [J].
International Journal of Production Economics, 2010, 126(1): 76—84.
PISHVAEE M S, TORABI S A. A possibilistic programming
approach for closed-loop supply chain network design under
uncertainty [J]. Fuzzy sets and systems, 2010, 161(20): 2668—2683.
JIMENEZ M. Ranking fuzzy numbers through the comparison of its
expected intervals [J]. Fuzziness and Knowledge Based Systems,
1996, 4(4): 379-388.

(Edited by DENG Lii-xiang)



