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Abstract—The problem of the layout of NEMLC (National 
Economic Mobilization Logistics Center) is one of the most 
important long-term decision-making issues. The result of 
NEMLC’s layout directly impacts many aspects of 
mobilization, such as time, reliability, quality, efficiency, 
cost, and so on, consequently affects the effect of the 
mobilization. Reasonable NEMLC layout can bring people 
convenience in the daily life, reduce costs, and improve 
service efficiency and competitiveness. Poor NEMLC layout 
often brings a great deal of inconvenience and loss, and even 
leads to mobilization failure. Under the restriction of 
mobilization time, the paper establishes the layout model 
that one or more mobilization logistics centers provide the 
material to the mobilization demanding place. The 
mobilization goods or service can reach the demanding 
place to carry into mobilization execution within the given 
time, and the number of the built NEMLCs is the least.  
 
Index Terms—Center Layout; set covering problem; 
national economy mobilization; Layout Model; Layout 
Network diagram 

I.  INTRODUCTION 

 It is a very important task to use scientific and 
reasonable method to determine the national economy 
mobilization logistics center (hereinafter referred to 
mobilization logistics center). Reasonable layout is to 
transport the mobilization materials from the NEMLCs to 
the demanding place by using the least transport capacity, 
the shortest distance, minimal cost, the least link and the 
fastest speed. When distributing the NEMLCs, the 
material supplying to the mobilization demanding point 
in time was the most important problem which the 
mobilization host considers. NEMLCs are able to provide 
the right guarantee from the right place at the right time. 
This also puts forward the stringent mobilization time to 
the mobilization logistics system. If the mobilization time 
is too long, it may lose the significance of mobilization 
implementation when the mobilization materials shipped 
to the demand place. Therefore, the study on the layout of 
NEMLCs has a major economic, social and military 

significance. In practice, due to the urgency of 
mobilization demand, it sometimes may not meet the 
requirements of mobilization time when building only 
one mobilization logistics center. Also, setting up only 
one mobilization logistics center in the large area range is 
neither consistent with economic principle, nor is the 
principle of time limit. Therefore, several mobilization 
logistics center should be built.  

During the distribution of mobilization logistics 
centers, each NEMLC can be viewed as a saving point. In 
response to war or crisis event, one or more NEMLCs of 
the region fulfill the functions of mobilization 
implementation. In general, the more the NEMLCs 
involved in the implementation, the shorter the 
mobilization time, and the faster the speed. However, 
during the process of mobilization implementation, each 
NEMLC is a mobilization of insecure factor. Especially 
during the war process, the NEMLC may be enemy 
targets as the main suppliers of mobilization material. 
The less saving point may result in the long mobilization 
time and insufficient material supply. Saving can not 
have blind spots, so in the time constraints, for any 
emergency place, there should have at least one to reach 
within the time limit. On the other hand, when too many 
NEMLCs are build in the region, some NEMLCs may 
have not mobilization task. So, these will inevitably result 
in not only the waste of pertinent resources which mainly 
include transport, storage, and information, but also huge 
waste of construction costs and management costs of the 
NEMLC. Therefore, when distributing the NEMLCs, 
mobilization host should consider all circumstances 
synthetically, so that results of the NEMLCs layout can 
satisfy the needs of mobilization material, but also the 
economic of mobilization cost. 

II.  LAYOUT MODEL 

The maximum characteristic of mobilization demand 
is the time urgency, when mobilization demand happens, 
mobilization goods or service are always expected to be 
conveyed from NEMLC to the mobilization demand site 
as soon as possible. So time becomes the main 
optimization goal of the NEMLC layout. During the 
layout of the NEMLC, the mobilization demand site can 
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be treated as the vertex of network graph, the connection 
line(arc) between vertex and vertex as the distance 

between two points， but also can be seen as the time 

required when the speed is constant. Vertex weights, ih , 

stands for the frequency of mobilization requirements. So, 
the layout problem of the entire NEMLC can be 
abstracted as an undirected weighted graph. 

Given an undirected continuous network graph G= (V, 
E), which V is non-empty vertex set of graph G, and E is 
the arc set that connecting the vertex. 

},,,{ 21 nvvvV L=
 

},,,{ 21 neeeE L=
 

hi is the weight of vertex vi, b(ei) is the length of arc ei. 
If the arc ei connects the vertex vp and vq, then the arc ei 
can be expressed as b(ei)= b(vp, vq). The shortest path 
between any two points x, y of G can also be expressed as 
d(x, y). 

Reference [1] illustrates the general one center location 
problem and reference [2] illustrates the optimal locations 
for a class of nonlinear single-facility location problems 
on a network. According to the two reference, when 
building a NEMLC in the network diagram G, the 
shortest distance between point x which lies in the arc ei= 
b(vp, vq) and vertex vi is defined as the distance from point 
to vertex which can be expressed as d(vi, x). During the 
NEMLC layout, the maximum value between point x and 
each vertex is expected to be the least. Thus, the optimal 
model can be achieved and be expressed as in 

 

ni
i xvd

≤≤1

),(maxmin    (1) 

s.t.   Gx ∈  
one of the mathematical expression of network 

diagram G is distance matrix (time matrix). The distance 
matrix includes all of the network structure and numerical 
information which can be used as the starting point to 
solve the network diagram calculation. The minimum 
distance matrix is the optimal result of the distance matrix. 
The advantage of using minimum distance matrix to 
analyses network problems is that P-center problem and 
set covering problems can be unified in a platform for 
discussion. For a given network diagram which has n 
vertex, the distance matrix R can be obtained as follows: 
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The element ),( ji vvr  means the distance between the 

two vertexes iv  and jv  when there is direct connection, 

while ),( ji vvr =∞ when there is no direct connection 

between the two points. Matrix R is a symmetric matrix. 

By the distance matrix R, the minimum distance matrix S 
and the shortest path matrix P can be obtained using 
Floyd algorithm: 



























=

0),(),(),(

0

),(),(),(),(

0

),(),(0),(

),(),(),(0

21

21

2212

1121

MM

LMMMM

LM

LLLMM

LL

LL

jnnn

nijiii

nj

nj

vvdvvdvvd

vvdvvdvvdvvd

vvdvvdvvd

vvdvvdvvd

S
  

 
The element ),( ji vvd  means the shortest distance 

between the two vertexes iv  and jv . The minimum 

distance matrix is also a symmetric matrix. 
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The element ),( ji vvp  means the shortest path 

between the two vertexes iv  and jv . Sometimes the 

shortest path is not exclusive. 
During the planning of NEMLC, due to the 

characteristic of NEMLC, some enterprises in the region 
can be acted as candidate mobilization logistics center so 
as to fulfill the function of transferring civil use to 
military use. One or more mobilization logistics centers 
can be selected from the known place. First the model 
focuses only one place that can be selected. 

A.  One Mobilization Logistics Center Layout 

Because the NEMLC is selected from the known place, 
one idea is the candidate mobilization logistics center can 
cover more mobilization demand places within the given 
time, and another idea is that the candidate mobilization 
logistics center can reach the mobilization demand places 
in the shortest time. 

Taking the first condition into consideration, the 
NEMLC is built when the candidate mobilization 
logistics center can cover more mobilization demand 
places within the given time. 

Define a matrix
nmijaA ×= )( , and suppose the 

mobilization time as T. Then 
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Tt
a

ij

ij

ij 0
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So the shortest time matrix S can be transformed into 
the coefficient matrix A. 
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1=ija  means that the candidate mobilization logistics 

center iv  can reach mobilization demand place jv  and 

provide the mobilization materials to jv . That is to say, 

vertex iv  can cover jv  within the given time, or iv  is a 

covering of jv . While 0=ija  means iv  can not provide 

the mobilization materials to jv  within the given time. 

Take the network structure Fig. 1 for instance, and 
suppose the nine vertexes are the candidate mobilization 
logistics center, and mobilization demand places at the 
same time. Now choose a vertex as the mobilization 

logistics center. First set the constant ih  as 1, and given 

the mobilization time T=10.5. 
 

 

 

Figure 1.  network layout figure of NEMLC 

The minimum distance matrix S can be obtained using 
Floyd algorithm. Then, transform the shortest time matrix 
S into the coefficient matrix A. 
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From the above analysis, we can see that within the 
given time, the more the vertex covers other vertexes, the 
better establishes the mobilization logistics center at that 

vertex. Suppose the covering of the vertex iv  to other 

vertexes is represented by
iN . According to the 

coefficient matrix: 

}9,8,6,5,4,2,1{1 =N , 

}8,6,3,2,1{2 =N ,  

}9,7,6,4,3,2{3 =N , 

}9,7,6,5,4,3,1{4 =N , 

}9,8,7,6,5,4,1{5 =N , 

}9,8,6,5,4,3,2,1{6 =N , 

}9,7,6,5,4,3{7 =N , 

}8,5,2,1{8 =N , 

}9,7,6,5,4,3,1{9 =N . 

Obviously, the maximum value is obtained in the 

vertex 6v , where 86 =N . So, NEMLC is built in the 

vertex 6v , as the star shown in Fig. 2. 

 
Figure 2.  NEMLC layout when covering more demand site 

As a matter of fact, the frequency of each mobilization 
demand site is usually not entirely the same. For example, 
the probability of emergency happening at the remote 
mountain area or rural area is relatively low, while quite a 
lot higher in modern prosperous city. 

If frequency coefficient ih  is not 1, the model (1) can 

transfer to model (3). 
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Gx ∈  
Solving the problem, in fact, is to search the absolute 

median point of the network G. That is, the point that 

make the ∑
=

n

i
ii xvdh

1

),(  least, and the vertex 5v  is 

exactly that point by calculation, as the star shown in Fig. 
3. 

  
Figure 3.  NEMLC layout model 

But when the mobilization time T=10.5, and ih = 

(4,2,2,3,5,3,3,6,5), the covering when building the 

NEMLC at the vertex 5v  is 75 =N , while the covering 

when building the NEMLC at the vertex 6v  86 =N . So, 

the decision maker should decide to build the NEMLC at 

the vertex 5v  or 6v under the consideration of all the 

circumstances. Of course, the ideal situation is that within 
a given time, all the vertexes can be covered. So more 
mobilization logistics centers should be built, which will 
be considered next.  

Taking the second condition into consideration, that is, 
the candidate mobilization logistics center can reach the 
mobilization demand places in the shortest time. 

Still take the network structure figure 1 for instance, 
and suppose the nine vertexes are the candidate 
mobilization logistics center, and mobilization demand 
places at the same time. Now choose a vertex as the 
mobilization logistics center. 

Because NEMLC is distributed at the vertex of the 
network diagram which is also a known place, the 
solution of the problem, in fact, is the absolute median 
point of the network diagram G. when the frequency 

coefficient ih  is the constant 1, the solution location is in 

the vertex 6v , ∑
=

n

i
ii vvdh

1
6 ),( =56, the absolute radius 

)( mxr = 11. That is, if the mobilization time T is less 

than 11, build a mobilization logistics center in the vertex 

6v  can meet the needs of mobilization demand places. 

The solution diagram is the same as the Fig. 2. 

If frequency coefficient ih  is not 1, still set the value 

ih = (4,2,2,3,5,3,3,6,5), the optimal solution is in the 

vertex 5v  where the absolute median radius )( mxr = 13, 

That is, if the mobilization time T is less than 13, build a 

mobilization logistics center in he vertex 6v  can meet the 

needs of mobilization demand places. 

B.  Several Mobilization Logistics Center Layout 

In the practice of mobilization implementation, the 
condition often encountered is that a number of NEMLCs 
provide mobilization material when mobilization time is 
given. The following discussion is focused on such layout 
model. 

This is a typical set covering problem. The basic 
wayout is: firstly find the point set that can satisfy the 
regional coverage restriction, and then find the optimal 
point that can meet the demand of the condition in the set 
point. Set covering problem has been widely applied to 
aviation personnel scheduling, circuit design, vehicle 
routing, and so on. The problem has been proved to be an 
NP-complete problem. Reference [3] illustrates set 
covering by single-branch enumeration with linear-
programming subproblems. 

Set Covering Problem is one of the classical 
combinatorial optimal ones the same as a NP difficult 
problem which is mainly solved by the heuristic 
algorithm. Reference [4] dual-based heuristics for a 
hierarchical covering location problem, reference [5] 
introduces a heuristic algorithm of solving the problem of 
set covering problem, reference [6] puts forward the 
heuristic function algorithm of set covering problem, 
while reference [7] presents a maximum expected 
covering location problem: Formulation, properties, and 
heuristic solution.  

Heuristic method is a method that approximates to the 
optimal solution step by step. Exploited at the end of 
1950s, heuristic function algorithm of set covering 
problem can be described as follows: 

(1) R=M， φ=S  ，t=1; 

(2) if φ=R , then turn （ 4 ） , else, set 

)( NjRMK jj ∈= I , select )(tj  to the effect that 

),(min),(
0

)( jj
K

jtj KcKcf
j >

= , 
)(tjMRR −= , 

)}({ tjSS U= , in which }1{ =∈= ijj aMiM ; 

(3) t=t+1，turn（2）; 
(4) Rank the elements of the S in descending order, 

consider Si ∈  successively, if }{iS −  is feasible solution, 

then set }{iS − . When all the elements of S are 

considered, then S is the optimal solution of the problem. 
Common forms of the heuristic function of 

),( )( jtj Kcf  in Step (2) are listed as follows: 

（1）
jc ； 

（2） jc /
jK ； 
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（3） )/(log2
K

jc ； 

（4） )log/( 2
k

jj Kc ； 

（5） )ln/( jjj KKc ； 

（6）
jc / 2

j
K ； 

（7） 2/1)( jc / 2
jK ； 

Suppose },,,{ 21 mFFFF L=  is the demand site set for 

the mobilization, },,,{ 21 nSSSS L=  is the NEMLCs site 

set to be selected, ),,2,1( miFi L=  is the mobilization 

demand site, ),,2,1( njS j L=  is the NEMLC site to be 

selected, ijt  is the minimum time between the NEMLC 

jS  to be selected and the mobilization demand place iF . 

How to select and build NEMLC from the NEMLCs 
site set to be selected },,,{ 21 nSSSS L= , ensure that 

when any mobilization demand site },,,{ 21 mFFFF L=  

appears emergency, at least one or more NEMLC can 
reach the mobilization demand site and meet the needs of 
the site, besides, the number of the NEMLCs is the least. 

For the problem above, define a matrix nmijaA ×= )( , 

and suppose the mobilization time as s. Then 
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st
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ij
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ij 0

1
   (4) 

 

1=ija  stands for that the NEMLCs site to be selected 

jS  can reach the mobilization demand site 
iF  within the 

given time, while   stands for that jS  can not reach 
iF  

within the given time. 
Definition 1: For any SS j ∈ , 

},,2,1,1|{)( miaFSN ijij L===  is called the mobilization 

object set of NEMLC 
jS . 

Definition 2: For any FFi ∈ , 

},,2,1,|{ njstjN iji L=≤=  is called the NEMLC set 

to the mobilization demand site 
iF . 

Definition 3: Suppose },,2,1{ nJ L= , if JJ ⊆* , 

and FSN j

Jj

=
∈

)(
*

U , then *J  covers F , or *J  as a 

covering of F . 

Given JJ ⊆* , define T
21 },,,{ nXXXX L= , which 
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Conversely, if given T
21 },,,{ nXXXX L= , then the 

set JnjXjJ j ⊆≤≤== }1,1|{*  can be defined. 

Suppose at least ib  NEMLCs can reach the 

mobilization demand place 
iF  and carry on the 

mobilization implementation within the given time. 
Because of the actual situation difference of each 
mobilization demand place, the problem model can be 
expressed as the following:  

∑
=

=
n

j
jj Xcz

1

min  

∑
=

≥
n

J
ijij bXa

1

  s.t.     },,2,1{ mMi L=∈  (5) 

}1,0{∈jX        },,2,1{ nNj L=∈  

among which jc  stands for the cost of building 

NEMLC in
jS .   
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in   NEMLC bulid if1  (6) 

 
Solving the model is to find a NEMLC set which can 

cover all mobilization demand place. Set Covering 
Problem is a NP difficult problem which is mainly solved 
by the heuristic algorithm[3-7]. The main algorithm for 
solving this model is described as following: 

（1）R=M, φ=S , t=1, )(},1,|{ MiaNjjN iji ∈=∈= ; 

（ 2） Mi ∈∃ , 
ii bN < , no feasible solution, end, 

otherwise turn（3）; 

（3）For Mi ∈ , if 
ii bN = , then 

iNj ∈∀ , 1=jX , 

}{ jSS U= ; 

（4） ijii abb −= , if 0≤ib , then }{iRR −= , for all 

Ri ∈ , calculate 
ijii aNN −= ; 

（5）if φ=R , turn （7）, otherwise turn（6）; 

（6）Select )(tj , }/
1

{max))(( ∑
∈

−∈
=

Ri
iiji

j
SNj

Nab
c

tjf , then 

)}({ tjSS U= , t=t+1, turn（4）; 

（7）Rank the element jc  of the S sort descending, 

take out Sj ∈  in turn, if for all Mi ∈ , 1<+ iji ab , then 

ijii abb += , }{ jSS −= , so S is the best solution of the 

problem. 
Also, take the network structure Fig. 1 for instance. 
 
Suppose all mobilization time limit s are 9, and the 

number of units of the edge means transport time. When a 
vertex emergency appears, the number of NEMLC 
carrying on the mobilization implementation within the 
given time is }3,3,2,4,3,2,3,3,3{=b . Respectively, the 

construction cost of each vertex is 

}28,13,23,18,14,11,17,15,12{=c , because of the different 

location. Thus, the shortest time matrix S can be gotten 
by Floyd algorithm. 
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According to the mobilization time limit, the shortest 
time matrix S can be transformed into the coefficient 
matrix A: 
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Because the mobilization demand place is also the 
candidate location of NEMLC, for the sake of distinction, 
F stands for the vertex when it acts as a mobilization 
demand place, while S stands for the vertex when it acts 
as a NEMLC. Detailed calculation steps are as follows: 

(1) }9,8,7,6,5,4,3,2,1{== MR , φ=S , 

t=1; }9,8,6,5,2,1{1 =N , }8,6,3,2,1{2 =N , }7,6,4,3,2{3 =N , 

}9,7,6,5,4,3{4 =N , }9,6,5,4,1{5 =N , 

}9,8,6,5,4,3,2,1{6 =N , }9,7,6,4,3{7 =N , }8,2,1{8 =N , 

}9,7,6,5,4,1{9 =N ; 

（2） Mi ∈∃ , 
ii bN ≥ , turn（3）; 

（3）
88 bN = , then 1821 === XXX , }8,2,1{=S ; 

（4） 01 =b , 02 =b , 13 =b , 24 =b , 25 =b , 16 =b , 

27 =b , 08 =b , 29 =b . }9,7,6,5,4,3{=R , 43 =N , 

64 =N , 45 =N , 56 =N , 57 =N , 59 =N ; 

（5） φ≠R , turn（6）; 

（ 6）Calculate }/
1

{max))1((
}9,7,6,5,4,3{

∑
∈

∈
=

Ri
iiji

j
j

Nab
c

jf , 

by calculating, when 4)1( =j , 35.0))1(( =jf , obtain 

maximum value, so select 4)1( =j , then }4,8,2,1{=S , 

t=2; 

（7）Calculate and obtain 01 =b , 02 =b , 03 =b , 

14 =b , 15 =b , 06 =b , 17 =b , 08 =b , 19 =b , }9,7,5,4{=R , 

54 =N , 35 =N , 47 =N , 49 =N ; 

（8） φ≠R , calculate }/
1

{max))2((
}9,7,6,5,3{

∑
∈

∈
=

Ri
iiji

j
j

Nab
c

jf , 

by calculating, when 6)2( =j , 057.0))2(( =jf , obtain 

maximum value, so select 6)2( =j , then }6,4,8,2,1{=S , 

t=3; 

（9）Calculate and obtain 11 −=b , 12 −=b , 13 −=b , 

04 =b , 05 =b , 16 −=b , 07 =b , 08 =b , 09 =b , φ≠R ; 

(10) Descending the elements of S in order, 

}4,1,8,2,6{=S , by inspection, }4,1,8,2,6{=S , therefore the 

optimal solution of the model is 

186421 ===== XXXXX . 

The calculation result is shown in table 1. 

TABLE I.  THE CALCULATION RESULT  

candidate 
location 1 2 3 4 5 6 7 8 9 

cost 12 15 17 11 14 18 23 13 28 

construction √ √ × √ × √ × √ × 

 
Therefore, the optimal function value of the model is 

69* =z , which NEMLCs are built in the location 1, 2, 4, 6, 
8, as the star shown in Fig. 4. 

 
Figure 4.  network layout result figure of NEMLCs 

In this model only the minimum number of NEMLCs 
is considered, but the difference of actual construction 
costs fails to be taken into account. The model and the 
algorithm have some practical significance in the city 
region position when the construction cost of the 
NEMLCs is nearly the same.  

Layout problem of NEMLCs is one of the most 
important long-term decision-making. The layout result 
will have a direct impact on the saving time, reliability, 
mobilization quality, mobilization efficiency, 
mobilization costs, etc, thus affecting the mobilization 
effect. Reasonable NEMLCs layout can bring people 
convenience in the daily life, reduce costs, and improve 
service efficiency and competitiveness. Thus, NEMLCs 
can gather all kinds of mobilization materials and objects 
quickly to meet the mobilization needs in the emergency 
or wartime, and recover its original functions rapidly after 
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the termination of the mobilization task. Poor NEMLCs 
layout often brings a great deal of inconvenience and loss, 
and even leads to mobilization failure. 
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