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Abstract

Based on the time varying networks, the traveling condition is affected by many uncertain factors like
weather and human beings. In this paper, a fourth party logistics routing problem on fuzzy time
varying networks is proposed, where the third party logistics’ transportation time is dependent on the
departure time. A fuzzy program model is built on the uncertain theory. A genetic algorithm with
fuzzy simulation method is used to solve the problem. The numerical analysis is presented and the
results show that the model presented here is practical in the real world.
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1 Introduction

The Fourth-Party Logistics (4PL)’ concept was proposed by Accenture [1], which focuses on
how to organize multiple Third Party Logistics (3PLs) to work together. Many studies have
been conducted on 4PL, such as its historical inevitability, advantages, and development
prerequisites [2, 3], and the optimization of operational problems like the routing problem in
4PL (4PLRP) [4, 5].

The routing problem is one of the most important issues in the logistics. When studying the
routing problem in 4PL, the researchers found that it is more difficult than studying the
routing problem in 3PL because more issues, such as the selection of 3PL providers, cost and
time factors, and the capacity and reputation of 3PL providers, should be considered. In recent
years, the 4PLRP has attracted increasing attention from researchers. For example, Huang et
al. [4] presented 4PL routing problem (4PLRP) model with uncertain delivery time. Cui et al.
[5] proposed 4PLRP model with fuzzy duration time and cost discount. Liu et al. [6]
considered the resource allocation and activity scheduling for 4PL. Chen et al. [7] built a
fuzzy integer goal programming for 4PLRP.

These researches make a big contribution for the 4PLRP. For describing the uncertainty on
the route, the time parameters were assumed to be stochastic or fuzzy. But in the real-life
situation, the transportation time of a 3PL in the network depends on the departure time. In
some optimal researches, they used time varying network to depict it, which could reflect the
influence of time period to the cost and transportation speed[8-10]. However, in practice, the
transportation speed will also fluctuate with the time period. Using the time varying network
can only characterize multi certain information pieces, rather than dynamic, uncertain ones.
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Considering the above two aspects, In this paper, the fuzzy time varying time is used to
depict the uncertainty on the route. Firstly, a description of fuzzy time varying network is
given, and a fuzzy programming model on the fuzzy time varying network is established.
Then, a Genetic Algorithm with fuzzy simulation is proposed to the model. Furthermore, the
numerical analysis is used to analysis the problem. The results show that the proposed method
is effective and efficient.

2 Problem Description

2.1 Problem Description
A 4PLRP on the fuzzy time varying network is defined as follows:

Assumed that a 4PL company undertakes a logistics task from v, to v, and the cities between
them (v,...v,) are the transferring nodes. If there is any business between any two cities, an

edge will be added and the two cities are connected. Each city has the properties of cost and
time. Since there may be several 3PL companies that could provide service between the two
connected cities, there may be multiple edges between them. Each edge also has properties of
cost and time. Then the whole logistics network of 4PL can be described as a multi-graph (see
Fig.1).

The multi-graph depicted above is defined by G(v,E), where |v|=n is the number of cities,
and E is the number of edges.

Fig. 1 — The Multi-graph of the 4PLRP

The parameters and decision variables are described as follows:

Parameters

r the number of 3PL suppliers for 4PL

T the kth 3PL supplier’s fuzzy traveling time from node i to node j when it
arrived at i on the tth day

T, the staying time of node i

T, the translation time of node i

Cii the cost of the kth 3PL supplier from node i to node j

C the staying cost of nodei

C, the translation cost of node i

b the number of goods received by node i, which is defined as
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-1, if i is the source node
b, =<1, if i is the destination node

0, otherwise
TV the number of time periods
VTime the time interval at each time period

Timey, (q) the time of the kth 3PL supplier arrived at the tth day from node i to node j
when arrived node i at the [q,g+1) period(i,j=12,...,.n, k=12,...,r
q=12,...,TV)

For the fuzzy varying time considered in this paper, the time T (t) is computed as follows:

If 3PL arrived i at t andt/VTime €[q,q+1), then T, (t) = Time,, (q)

Decision variables

x; () 1 if the kth edge from node i tonode j (i,j=1,2,...,n; k=12, .., r)isselected
at t ; 0 otherwise

y; () 1ifnode i undertakes the task at t; O otherwise

z,(t) 1if transfer the 3PL supplier on the node i at t; 0 otherwise

2.2 Formulation of the Problem

The objective of this problem is to find a route with minimum cost and time. The
mathematical model can be described as follows:

mln[iZZTuk(t)X”k(t)+ZTy(t)+ZT (t)] ke{l,2,...,r} (1)

s.t.
IZ::Jan:erl:Ciijijk (t)Jan:Ciyi (t)Jan:C'i z;(t)<C (2)
an:xuk(t) ij,k(t) b, je{l2,...n} ke{l2....r} (3)
> Y k0=, 0, §ef2...n) @
Zn:ixijk(t)=yi(t), ic{l2...n-1 (5)
;(Jlk:t;y ),z ()= 00r L, i,jefl2,...n}kefl2,...r} ©6)

In the model, Eq. (1) is the objective function for minimize the sum of time on the route; Eq.
(2) is a constraint to ensure the cost used on the route is not more than C ; Eq. (3) maintains a
balance of the network flow; Eq. (4) and Eq.(5) ensure that the selected nodes and edges are
made up of the route; Eq.(6) defines x, y and z respectively as 0-1decision variables.

In the above model, the objective function (1) contains fuzzy parameters. We use credibility
theory to describe it as follows:
min('l_'j (7)
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Cr{ > > T % 0+ 2Ty O+ 2T 2,0 sf] > ©

i j=1 k=1

Which means that the credibility that the time needed on the route is not more than the time
T required by the customer is not less than a, where a is a defined confidence level

(0<a <1). And the objective is change to be minimize T .

3 Algorithm Design
In this section, the genetic algorithm designed in [5] is used to solve the problem formulated
above, which is shown as follows.

3.1 Fuzzy simulation
In our problem model, the constraint in Eq. (2) contains fuzzy parameters. In this subsection,
we use fuzzy simulation [31] to estimate it, which is given as follows:
Suppose x and y are two decision vectors, which are composed of x, (tyand y, (t) (i, j =1,
2,...,n; k=12, .., r)respectively.
Let

f(X,y,f,n)zgz;;?iijijk (t)+Zl’,77iyi (t) (9)

i1 1 k= =

where Sand 7, are fuzzy vectors composed of &, and7; (i, ] € {1,2,...,n}; k € {1,2,....,1})
respectively. And we denote that He, is the membership function of &, , and , is the
membership function of #,, respectively.

In the following, we will show how to simulate the fuzzy function:

U:(x,y) > min{f |Cr{f(x,y,&n) < f}>a} (10)
where 0 < a <1.

Firstly, generate g3 and o from the ¢ -level sets of fuzzy variables &, andn, (i, €

{1,2,...,n}; k € {1,2,....,r}) respectively, where ¢ is a sufficiently small positive number, g

=1, 2,...,N, and N is a sufficiently large number. Set v, = m_ikn{yé_ (@53~ min{u, (o)}
ij, ijk i i

(g =1,2,...,N). According to the concept of credibility measure [31], for any number r, we set

L(r) Z%(g%{vq | T y) < r}+mindl—v, [ f,(x,y)>1}) (11)

It follows from monotonicity that we may employ bisection search to find the maximal value
r such that L(r) >« . This value is an estimation of f . The process can be run as follows:
Step 1: Sets:=1.

Step 2: Generate 6; and o' from the ¢ -level sets of fuzzy variables &, and7; (i,] €

{1,2,..., n}; k € {1,2,...,r}) respectively, where e is a sufficiently small positive number,
andg=1,2,...,N.
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Step 3: Set v, = m_ikn{yé (@53 ~min{y, (oi)}orq=12,...,N.
ij, ijk i i
Step 4: Find the minimal value r such that L(r) > « .

Step 5: Setf :=r.

3.2 The framework of genetic algorithm

Step 1: Initialize the adjacent matrix according to the model graph.

Step 2: Generate the initial population of PS individuals with fuzzy simulation, where PS
denotes the population size.

Step 3: Calculate the time by time varying network.

Step 4: Select individuals by the roulette wheel selection scheme.

Step 5: Perform crossover operations on pairs of selected individuals with a crossover
probability Pc.

Step 6: Update the capacity infeasible 3PL providers with feasible ones.

Step 7: Perform mutation operations to individuals with a mutation probability Pm.

Step 8: Calculate the fitness value of each solution and update the elitism if a better solution
arises.

Step 9: Check whether the maximum allowable number of generations, denotAed NG, is
reached. If not, go to Step 4; otherwise, go to Step 10.

Step 10: Stop the process and output the best solution.

4 Numerical Experiments

The algorithm is coded in matlab 7.0 and run on a Core 2 2.83GHz computer. Run the
algorithm 100 times and obtain the best solution (Best), the worst solution (Bad), the rate of
finding the optimum (Rate). The ‘Time’ means the time taken by the algorithm running for
one time(second), and the costs in the following are recorded by 100Y uan.

The parameters are set below:

Ps= 20,NG = 50,Pc= 0.4,Pm= 0.025

If the fuzzy time is depicted by the triangular number, the data of nodes and 3PL suppliers
(edges) are shown as Table 1 and Table 2:

Table 1 The data of nodes
Node Staying cost ~ Transit cost Staying time Transit time

1 1 2 0.5 1.5
2 2 3 0.5 0.6
3 2 3 0.5 0.6
4 5 10 1 1.2
5 3 5 3 4
6 4 6 1 2
7 2 4 1 1.5
8 1 3 1 1
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Table 2 The initial data of 3PL suppliers

S D E ¢ Time, (1) Timej(@) Timey()) S D E c  Time, ()  Timej (1)  Timej (1)
1 2 1 1 0.25 0.3 0.4 3 6 5 8 15 17 20
1 2 3 2 0.2 0.25 05 3 71 9 17 19 22
1 2 4 3 0.1 0.15 0.3 3 7 2 10 15 17 20
1 3 1 3 1.2 15 1.9 4 5 3 6 8 10 13
1 3 2 5 1 1.3 1.6 4 5 4 7 7 9 11
1 3 3 4 1 14 1.8 4 6 2 13 20 22 25
1 3 4 6 0.8 1.2 1.5 4 6 3 14 17 20 23
2 3 1 5 2 2.2 2.5 4 6 4 12 20 23 26
2 3 3 6 15 2 3 4 7 4 14 22 24 27
2 4 1 10 2 3 4 4 7 5 15 24 26 28
2 4 4 8 3 4 6 5 6 3 8 3 3.5 4
2 4 5 6 3 5 6 5 6 4 7 2.8 3.2 3.8
2 6 2 10 17 20 24 5 7 3 10 3.2 3.8 4.1
2 6 4 11 15 19 22 5 7 4 8 3.2 4.1 4.5
2 7 2 11 18 22 25 5 7 5 11 25 35 4.8
2 7 4 12 16 20 23 6 7 3 2 05 1.1 2
3 4 2 5 1 15 2 6 7 5 3 04 0.9 1.5
3 4 3 4 1.2 1.8 2 6 8 3 1 0.3 0.6 1
3 4 5 3 11 16 1.9 6 8 4 2 0.2 0.5 0.8
3 5 1 9 10 11 13 6 8 5 3 0.2 04 0.7
3 5 4 7 10 13 15 7 8 3 3 0.1 0.3 0.5
3 5 5 8 11 12 14 7 8 4 1 0.3 0.5 0.8
3 6 3 9 13 16 18 7 8 5 2 0.2 0.4 0.7

The first time section for the 3PL (Timej, (1) ,whereg = L,MorU ) is shown in Table 2, and

the others are generated randomly as follows:

for g=2:TV
rand:=random[0,1];
if rand>0.5
Timej (q) =Timeg, (1) * (1+ random[0,1])
else
Timej (q) =Timeg, (1) * (1- random[0,1])
end if

end for
If TV=50, VTime=2, PL=5, a =0.8, the optimal solution is:

path: [13478]; PL:[4544]
where the time is 12.2.

In the 4PL operation, it means that when they want to transport food from nodel to node8, the
best choice is to undergo node3, node4 and node7 as two ports, and the indexed 3PL suppliers

are 4,5,4,4 on the four chosen path finished the task respectively one by one.

5 Conclusion

In order to formulate the time varying uncertainty on the route, a 4PL routing problem on the
fuzzy time varying networks was discussed. Firstly, a fuzzy integer programming model was
built. Secondly, a genetic algorithm with fuzzy simulation was used to solve the problem.

And the numerical results were given to show the transportation process on the 4PLRP.

443



Advances in Economics, Business and Management Research, volume 16

Acknowledgements

This work is supported by the National Science Foundation for Distinguished Young Scholars
of China under Grant No. 71325002, No. 61225012; Major International Joint Research
Project of NSFC under Grant No. (71620107003); the Fundamental Research Funds for State
Key Laboratory of Synthetical Automation for Process Industries under Grant
N0.2013ZCX11; the Science Foundation of Education Department of Liaoning Province
under Grant No.L2014514; the National Natural Science Foundation of Liaoning under
Grant No0.2015020020; the Social Science Fundation of Liaoning under Grant
No.L15BGLO035; Shenyang Institute of Engineering Doctor Startup Fund(LGBS-1401).

References

1. J. Gattorna. Strategic supply chain alignment : best practice in supply chain
management[M]. UK:Gower Publishing Company, 1998: 425-445.

2. W. Alan. The value a 4PL provider can contribute to an organization[J]. International
Journal of Physical Distribution & Logistics Management, 2008,38(9): 674-684.

3. G. Blylkozkan, O. Feyzioglu, E. M. Sakir. Evaluation of 4PL operating models: A
decision making approach based on 2-additive Choquet integral[J]. International
Journal of Production Economics, 2009, 121(1): 112-120.

4. M. Huang, L. Ren, L. H. Lee, et al. Model and algorithm for 4PLRP with uncertain
delivery time[J]. Information Sciences, 2015, 330:211-225.

5. Y. Cui, M. Huang, S. X. Yang, X. W. Wang. Fourth party logistics routing problem
model with fuzzy duration time and cost discount[J].H.Knowledge Based Systems,
2013, 50: 14-24.

6. Q. Liu, C. Zhang, K. Zhu, et al. Novel multi-objective resource allocation and activity
scheduling for fourth party logistics[J]. Computers & Operations Research, 2014, 44
42-51.

7. K. H. Chen, C. T. Su. Activity assigning of fourth party logistics by particle swarm
optimization-based preemptive fuzzy integer goal programming [J]. Expert Systems
with Applications, 2010, 37(5): 3630-3637.

8. M. Setak, M. Habibi, H. Karimi, et al. A time-dependent vehicle routing problem in
multigraph with FIFO property[J]. Journal of Manufacturing Systems, 2015,
35(35):37-45.

9. L. Wen, B. Catay, R. Eglese. Finding a minimum cost path between a pair of nodes in
a time-varying road network with a congestion charge[J]. European Journal of
Operational Research, 2014, 236(3):915-923.

H. Mokhtari, M. Dadgar. Scheduling optimization of a stochastic flexible job-shop
system with time-varying machine failure rate[J]. Computers & Operations Research,
2015, 61(C):31-45.

444


http://www.sciencedirect.com/science/article/pii/S0950705113001408
http://www.sciencedirect.com/science/article/pii/S0950705113001408



