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Abstract: According to the operational characteristics of the logistics networks for the third party logistics
supplier (3PLS), the forward and reverse logistics networks together for 3PLS under the uncertain environment
are designed. First, a fuzzy model is proposed by taking multiple customers, multiple commodities, capacitated

facility location and integrated logistics facility layout into account. In the model, the fuzzy customer demands

and transportation rates are illustrated by triangular fuzzy numbers. Secondly, the fuzzy model is converted into

a crisp model by applying fuzzy chance constrained theory and possibility theory, and one hybrid genetic
algorithm is designed for the crisp model. Finally, two different examples are designed to illustrate that the

model and solution discussed are valid.
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With competence increasing, more and more en-
terprises are subject to outsourcing their logistics opera-
tions to the third party logistics suppliers (3PLS) in or-
der to improve efficiency and decrease costs. The 3PLS
is playing a significant role in many supply chain man-
agement fields, acting as an important partner in the
supply chain to satisfy various and individual logistics
needs including forward logistics and reverse logistics.
Recent legislation in the United States, in particular,
and in Europe and Japan, has refocused attention on re-
cycling for the management of waste, especially elec-
tronic wastes'''. Reverse logistics is actually involved
in operational skills and can be extremely complex.
Many companies with limited resources outsource their
reverse logistics operation demands to third-party pro-
viders'” . Reverse logistics networks design is one of
the key subjects concerning reverse logistics, so many
researchers have been paying much attention to it"™'.
Specially, Jayaraman et al. "'
and solution for reverse logistics; Rogers and Fleis-
chmann et al. "% reviewed the model and optimization

proposed the basic model

about the reverse logistics system.

It is important and necessary for the 3PLS to de-
sign an optimal logistics facility network including the
forward and reverse logistics facility at the same time.
Only Ko'' proposed a dynamic model about a forward
and reverse logistics facility network and a hybrid ge-
netic algorithm for the model.
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Uncertainty is one of the characteristics of product
recovery networks. In particular the strategic design of
the logistic infrastructure has to take uncertain informa-
tion into account'” , but the uncertainty is not considered
by Ko . This paper studies the forward and reverse lo-
gistics facility network together from the view of 3PLS.

1 Problem Definition and Model

1.1 Problem definition

The logistics network for 3PLS is shown in Fig.
1, consisting of two critical activities: (D The forward
logistics process, which is delivering various types of
products from the client plants of 3PLS to the client
markets; 2) The reverse logistics process, which is
taking-back different types of products from the client
markets to the client plants because of the reverse ac-
tions, e. g., direct reuse, repair, recycling and remanu-
facturing as options for
economical and ecological motivations of their reverse
logistics needs.

The logistics network design problem can be de-
scribed as follows: Given the potential locations of
the warehouses facilities, the client plants and mar-
kets, the capacities of these facilities, the demands of
the client markets for the forward and reverse logistics
services, the cost structure such as transporting, storing
and fixed costs, and the characteristics of the prod-
ucts, it is necessary to find out which facilities should
be opened and how the forward and reverse product
flows should be stored and delivered so that the total
costs of the logistics network are minimized.

the client under the



Integrated logistics facilities network design for 3PLS under uncertainty

571

i

Clients Clients
Client @ T
Forward I Reverse
logistics | logistics
1
ID . . . \\\L// :
glstlris Logistics
netwo nIHHHHHF‘IH nFRARAAR| 3PLS ﬂ[HFIHHF‘IHF‘I 1BARAARA| petwork
Forward warehouse Forward warehouse Revers warehouse ~ Forward warehouse 4

A

Market 1 Market 2

="
7

Market k&

Fig.1 Network topology for 3PLS under integration of forward and reverse logistics

In order to formulate a mathematical model for
the logistics network design problem we make the fol-
lowing assumptions:

(D The decision problem belongs to typical loca-
tion-allocation problem. It is a strategic level operation
for 3PLS, so the vehicle-routing problem and the loca-
tion-routing problem concerned with the logistics net-
work design are ignored in this paper.

) The network configurations for 3PLS are giv-
en. They include primarily geographical characteristics
associated with the client plants, the client markets and
the potential facilities, product characteristics and the
potential facility characteristics in terms of the special
activities for 3PLS.

(3 3PLS has endorsed the service contract with
all clients for the same service period, and the logistics
network with only one service period is designed. The
products of every client can only satisfy the owner de-
mands of the markets. Moreover, the products can be
stored and transported in the same logistics facility.

(@ The cost structures for transporting, storing
and fixed costs are known.

(® The uncertainty of the transportation and the
customer demands for the forward and reverse logis-
tics are considered. It is necessary for 3PLS to evalu-
ate the uncertain environment in the logistics opera-
tions so that the most effective design can be found.
The triangular fuzzy numbers are applied to describe
the uncertain parameters.

1.2 Model

The formulation of the problem for 3PLS to de-
sign an integrated logistics network as a fuzzy mixed
integer linear programming problem is given by the
fuzzy mixed integer model (FMIM) .
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where I = {1, 2, ..., I} denotes the set of client plant

locations; J = {1, 2, ..., J} denotes the set of potential
logistics crunodes for 3PLS; K = {1,2, ..., K} denotes
the set of client markets; P = {1, 2, ..., P} denotes the
set of client product types; bw; is the setup cost for in-
stalling a reverse warehouse in the potential logistics
crunode j; br; is the setup cost for installing forward
warehouse in the potential logistics crunode j; wr; re-
presents the savings associated with opening an inte-
grated forward-reverse warehouse in the potential lo-
gistics crunode j; b;kp
product p transportation from client i to market k by
the potential logistics crunode j; C{jkp
for per unit product p return from market k to client
by the potential logistics crunode j; D is the distance

between client i and the potential logistics crunode j;

is the fuzzy rate for per unit

is the fuzzy rate

D;, is the distance between the potential logistics cru-
node j and market k; Mjf is the maximum capacity of
the forward warehouse j; M; is the maximum capacity
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of the reverse warehouse j; s; is the per unit storage
capacity of product p in forward logistics; s, is the per
unit storage capacity of product p in reverse logistics;
dlkp is the fuzzy demand of product p by market k
from client i; d},
uct p from market & to client i; b; is the per unit truck-

is the fuzzy return demand of prod-

age in the potential logistics crunode j; G, is the per u-
nit storage rate in the potential logistics crunode j; T ,kp
is the average per unit inventory turnover of the prod-

uct p from client i in market k; T}

i, 1 the average per

unit inventory turnover of the product p from market &
to client i; A, is the space parameter for designing the
forward warehouse; A, is the space parameter for de-

signing the reverse warehouse; X, is the amount of

ijkp
the product p from client i through the potential cru-
node j into client market k; X,

product p from client market k through the potential

is the amount of the

crunode j into client i; z; is the binary integer variable
for the possible selection of crunode j as a forward
warehouse, if the forward warehouse is opened in the
potential crunode j, the value is 1, O otherwise; Y is
the binary integer variable for the possible selection of
crunode j as a reverse warehouse, if the reverse ware-
house is opened in the potential crunode j, the value is
1, 0 otherwise.

The first two terms of the above objective func-
tion in the model FMIM give the total storing costs,
while the third term gives the sum of the transporting
costs. Finally, the fourth, fifth and sixth terms corre-
spond to the total fixed costs for setting up the for-
ward and reverse warehouses. Eqs. (2) and (3) ensure
that the total demands of the client markets are satis-
fied. Moreover, Eqs. (4) and (5) guarantee that the
storage capacity of the maximum for the forward or
reverse warehouse in potential facilities are not exces-
sive. Finally, Eqs. (6) and (7) deal with the nature of
the variables associated with the existing decision
problem for 3PLS.

2 Model Changing

It is complicated to effectively solve the model
FMIM. The way proposed in this study to solve the
model FMIM consists of two steps as follows: First,
the model FMIM is converted into a crisp model
based on the fuzzy chance constrained theory and a
possibility theory according to Refs. [ 10 — 11]; sec-
ondly, a hybrid genetic algorithm is designed to solve
the crisp model.

Let these fuzzy parameters be expressed by the

triangular fuzzy numbers of ( C; C,.tjkpz, Ciins ) s

ijkpl >

(Cirjkpl > Ct:rfkp2’ Czjr/kps) > (difkpl > difkpZ’ difkp3) and (dirkpl > dirkpZ’
d,;). That means fuzzy per unit transportation rate
for the forward distribution, fuzzy per unit transporta-
tion rate for the reverse distribution, fuzzy total for-
ward demands of the client markets and fuzzy total re-
verse demands of the client markets, respectively. Re-
ferring to the fuzzy chance constrained theory, the
model FMIM is converted into the equivalence of the
fuzzy chance constrained model FCCM given by
minf
such that

pOS{ z Z z Z( ijkp ljkp r}kp ljk[))(D +D ) +

iel jeJ keK peP

Ho(X s X V12 ) s]} = a (8)
pos{ Y X}, =d;,} = YViel,pe PkeK

jed

9
VielLke K,peP

Ikp}/

post 3., =
jeld

(10)
Other constraints are the same as Eqs. (4) to (7).
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where «, 8 and 6 are predetermlned confidence levels
of the respective constraints, pos{ +} denotes the possi-
bility of the event in {-}. So it is feasible if and only
if the possibility measure of Eqs. (8), (9) and (10)
are at least the predetermined confidence level.

In order to solve the chance constrained program-
Egs. (8), (9)
and (10) are converted into their respective crisp

ming FCCM with fuzzy parameters,

equivalents. According to Refs. [ 10 — 12], the crisp
equivalent of chance constraints (8) is shown by Eq.
(11). Similarly, chance constraints (9) and (10) are
converted into equivalents, respectively expressed by
Egs. (12) and (13). The detailed procedures can be
referred to in Refs. [10 —12].
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Finally, the equivalent crisp model (ECM) of the

model FCCM is given as
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Other constraints are the same as Eqs. (4) to (7).

3 Hybrid Genetic Algorithm Design

3.1 Framework of hybrid genetic algorithm

The concept of the genetic algorithm ( GA) was
first proposed by Holland in 1975'"', and then devel-
oped and described by Goldberg, which is a stochastic
search procedure based on the mechanisms of natural
selection and the biological reproduction of animal spe-
cies. The GA has successfully been applied in various
classical logistics network problems such as plant and

distribution networks'"*', vehicle-routing problems'"’,

reverse logistics networks''” and supply chain design'"”.

Due to the proven effectiveness of the GA for va-
rious NP hard problems, it is suitable for solving the
logistics network design problems for 3PLS to meet
the demands of forward and reverse logistics. In order
to avoid the weakness of the basic GA in solving the
combinational problems about location-allocation
models, there are many types of hybrid GAS corre-
sponding to the particular characteristics of the special
problems by combining the basic GAS with the tradi-
tional algorithms. Therefore, a new hybrid GA is pro-
posed for solving validly and effectively the fuzzy
model converted into the crisp model ECM for 3PLS
in this study.

According to the nature of the ECM, the hybrid
GA presented in this paper is divided into two critical
procedures: the first procedure is to solve the location
decision sub-problem for 3PLS to determine which
potential facility is to be opened by applying the basic
GA; the second procedure is to solve the transportation
decision sub-problem in order to arrange how the
products for the forward and reverse logistics are to be
distributed by combining the method of minimum ele-
ments and potentials methods with the first GA proce-
dure. Furthermore, the decision variables of z; and y;
are determined by the first procedure, and the deci-
sion variables of X ,;kp and X, are also achieved by the
second procedure. The general structure of the hybrid
GA for the logistics network design problem for 3PLS
is shown in Fig. 2.

| | Parameters I | Binary encoding I |
1 |
! Generate new Location |
| population P(¢t) initialization |
—_ = = = = _ = = —
- _

r Transportation 1

I decision-making |

I |

Method of Method of |

| minimum elements potentials I

1. Goal value

1. Crossover - -
2. Mutation Genetic operation
3. Selection

2. Fitness value

Whether
determination or not?

Fig.2 Structure of the hybrid genetic algorithm
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3.2 Encoding

The first step in designing a GA for a particular
problem is to design a suitable chromosome represen-
ting a valid candidate solution in terms of the probabi-
listic transition rule. The chromosome developed is
based on two-dimensional arrays which consist of bi-
nary values addressing the decision variables con-
cerned with the forward and the reverse logistics facil-
ity location problems. The binary representation of a
chromosome is illustrated in Fig. 3, the logistics net-
work has six potential facility sites for the forward
warehouses and the reverse warehouse, respectively.
As shown in Fig. 3, the forward warehouses are set in
potential facility sites 1, 2, 4 and 5; and the reverse
warehouses are opened in potential facility sites 3, 4
and 6 at the same time.

Potential

facility sites 2 3 4 5 6

Forward 1 1 0 1 110

warehouses

Reverse 0 0 1 1 0 1

warehouses

Fig.3 Structure of two arrays chromosome

3.3 Fitness computer

The fitness value is a measure of the quality of a
solution to the original objective function. In our hy-
brid GA, the fitness function is formed by adding a
penalty to the original objective function. Let v} be the
k-th (k=1,2, ..., 5) chromosome in the current gen-
eration ¢. Then let the s be the total amount of the par-
ent and offspring chromosomes in the current genera-
tion. So the procedure of the fitness computing is de-
scribed as follows:

Step 1 Calculate the total cost of the k-th chro-
mosome according to the following equation:
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Step 2 Compute the total penalty value in terms
of the penalty function, expressed as
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Step 3 Compute the fitness value of v, by ap-

plying the fitness function, represented as

eval(v,) = L (19)

(V) +peni(vy)

3.4 Genetic operations

1) Crossover

The crossover operator is more capable of gener-
ating a new solution which will have the best parts of
the parent solutions. There are various methods of
crossovers such as single-point crossover, multi-point
crossover and uniform crossover. A single-point cross-
over is applied to generate new generations ( solution)
for this study.

2) Mutation

Mutation is considered as the secondary mecha-
nism in the operation of genetic algorithms to prevent
solutions from being trapped in local optima. We ap-
plied a single-point mutation with a small probability.

3) Selection

Selection operator is a critical process to direct
the GA search toward promising space near the opti-
mal solution. We apply the selection operation com-
bined roulette wheel selection with the optimal saving
selection to select two parents from the current gener-
ation.

4 Numerical Examples'"

Two different scale optimization problems are
given to illustrate the feasibility of the fuzzy model
and the solution for 3PLS to design the integration of
the forward and reverse logistics facility network. Two
numerical examples are described in detail in Ref.
[18], but there are also the outputs of the numerical
examples in this study. Numerical example 1 is the de-
scription of the logistics network design problem con-
sisting of two clients, four potential facility sites, four
client markets considering four typical products and
the forward and reverse product flows. Compared with
numerical example 1, numerical example 2 specially
describes the logistics structure of ten potential facility
sites. The input parameters in these optimization prob-
lems are not given in this study. A computing pro-
gramming related to the hybrid genetic algorithm
found in this paper is built to solve these numerical
examples by applying the VB 6. 0 soft language. The
hybrid genetic algorithm procedures are executed on a
Pentium [V computer equipped with a speed of 1.7
GHz, and 256 MB of memory. When the value of the
population size is 50, the maximum number of gener-
ations is 600, the crossover rate is 0. 4 and the muta-
tion rate is 0. 2, the genetic algorithm obtain the best
results. The hybrid genetic algorithm outputs of these
numerical experiments compared with the results of
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the branch and bound algorithm which is effective in
solving a small size problems are shown respectively

Tab.1 Computer results for numerical example 1 under various confidence levels a =8 =6

by Tab. 1 and Tab. 2 under various confidence levels
a=f=0.

Dollar

Confidence level 0 0.1 0.2 0.3

0.5 0.6 0.7 0.8 0.9 1.0

Branch and

1 866 856 1942486 2020134 2099237 2179793 2262223 2355155 2430194 2516571 2598 537 2697 419

bound algorithm

Hybrid genetic

1902483 1950582 2030475 2140889 2194 137 2319353 2400536 2453754 2537436 2641298 2717623

algorithm
Tab.2 Computer results for numerical example 2 under various confidence levels « =8 =8 Dollar
Confidence level 0 0.1 0.2 0.3 0.5 0.6 0.7 0.8 0.9 1.0
Branch and

1343423 1375644 1423304 1470984 1519169 1567614 1615730 1664385 1734748 1783555 1833260

bound algorithm
Hybrid genetic algorithm
for the worst result
Hybrid genetic algorithm
for the best result
Hybrid genetic algorithm
for the average result

1364584 1419923 1469722 1515991 1567998 1617149 1656979 1702675 1787413 1828757 1883113

1343689 1388991 1437577 1493064 1546847 1598681 1632327 1672130 1739294 1797423 1849012

1352058 1398864 1451081 1502328 1559306 1600583 1647739 1691231 1760910 1810141 1859298

The results represented in Tab. 1 and Tab. 2 show
that the fuzzy model and the hybrid genetic algorithm
are valid in solving the integrated logistics facility de-
sign problem under an uncertain environment. There-
fore the hybrid genetic algorithm can be applied to
solve larger size problems that are too complex and
difficult for the branch and bound algorithm to solve.

5 Conclusion and Further Research

This paper presents a cost-minimization model
for minimizing the total logistics costs of a multi-
product and multi-client capacitated facility location-
allocation problem for 3PLS to integrate the forward
and reverse logistics facility under an uncertain opera-
tional environment. By identifying the critical activi-
ties and related basic characteristics involved in the lo-
gistics operations for 3PLS, a fuzzy mixed integer lin-
ear programming problem model coupled with six
groups of constraints are formulated. Compared with
early literature on addressing the logistics network de-
sign problem, the model formulated in this paper has
three distinctive features. First, the model is found
from the perspective of 3PLS itself according to the
practical activities. Secondly, the integration and coor-
dination between the forward and reverse logistics fa-
cilities are emphasized in this model. Thirdly, two
fuzzy parameters are taken into account in the model
which are often ignored in traditional literature.

The results from applying the model and the so-
lution to two numerical examples suggest that the
model and solution are feasible enough to support
3PLS to design an effective logistics network. In the

future, the model will be improved by filling the gaps
between the assumptions and the practical operations
for 3PLS. Additionally, some new solutions to solve
the model will be deeply and extensively discussed.
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