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Abstract:

The fair profit distribution problem of a typical supply chain network involving batch production is
considered in this article. To implement this concept, we construct a multi-product batch production
combined with multi-stage distribution planning model to achieve multiple objectives such as maxi-
mizing the customer service level, maximizing the profit of each participant company of the supply
chain, and ensuring a fair profit distribution. The fuzzy decision-making method is adopted to attain the
compromised solution between these conflicting objectives. Therein each objective function is viewed
as a fuzzy goal, and a membership function is used to characterize the transition from the objective
value to the degree of satisfaction. A two-phase fuzzy optimization method is applied to obtain the
compromised solution between all participant companies of the supply chain. One numerical example
is supplied, demonstrating that the proposed two-phase method can provide a better compensatory
solution for multi-objective problems in a supply chain network.
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Introduction

Recently, Tsiakis et al. (2001) proposed a multi-product
and multi-period single objective linear programming
model for a supply chain network design problem. The ob-
jective function contains production cost, transportation
cost, and inventory cost. Although the proposed strate-
gies can create the best result for the entire system, it may
also increase costs or decrease profits for some members
in the supply chain system. Gjerdrum et al. (2001) pro-
posed a mixed-integer linear programming model to solve
the fair profit distribution problem by using a Nash type
objective function. However, two problems are worth fur-
ther considering. First, the low-bound of profit of each
member may be difficult to determine due to the inherent
uncertainty. Second, directly maximizing the Nash type
objective may cause unfair profit solution due to different
scale of profit. In this article, we simultaneously consider
problems of fair profit distribution, customer service, and
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safe inventory in a supply chain network.
Because the optimization for a multi-objective prob-

lem is a procedure looking for a compromise policy, the
result, called a Pareto optimal or non-inferior solution,
consists of an infinite number of options. Methods for
finding a Pareto optimal solution are thus filled with sub-
jective and fuzzy properties. In order to overcome the
difficulty of describing fuzzy attributes, we adopt a two-
phase fuzzy decision method to guarantee uniqueness of
the optimal solution. A numerical example will be sup-
plied, demonstrating effectiveness of the proposed idea.

Problem Statement

This article considers a supply chain consisting of
three different level enterprises: the retailer or market, the
distribution center or warehouse, and the plant or man-
ufacturer. The system batch-manufactures one product at
each period and the time of manufacturing process of each
product is one period. The overall problem can be stated
as follows:



Given:

1. Cost parameters,

2. Manufacture data,

3. Transportation data,

4. Inventory data, such as capacity and safe inventory
quantity.

5. Forecasting customer demand and product sales
price.

Determine:

1. Production plan of each plant.

2. Transportation plan of each distribution center.

3. Sales quantity of each retailer.

4. Inventory level of each enterprise.

5. Each kind of cost.

The targets are to:

1. Integrate a multi-enterprise decision simultaneously
which result a fair profit distribution.

2. Increase the customer service level and safe inven-
tory level as possible.

The relevant balance relations and constraints such
as inventory capacity limitations, purchase and inventory
costs, product sales revenues, and customer service levels
for retailers are listed in Table 2 as an illustration. Detailed
explanation for these notations and similar formulations
for distributors and for plants can be found in Chen et al.
(2002).The multiple objective optimization problem can
thus be formulated as follows, where x and Ω denote the
variable vector and the feasible searching space, respec-
tively:

max
x∈Ω
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������
�����

Multi-objective Optimization: A Fuzzy Approach

Consider the multiple objective optimization problem
mentioned above. We propose a two-phase fuzzy satisfy-
ing method to find a best compromised solution, such as
summarized in the following.

1. Determine the ideal solution and anti-ideal solution
by individually maximizing and minimizing each ob-
jective function in sequence (Lee and Li, 1993, Shih
and Lee, 2000).

J∗i = maxJi (ideal solution of Ji)

J−i = minJi (anti-ideal solution of Ji)

2. Define a fuzzy goal Ji with a linear membership for
describing the degree of satisfaction for Ji.

µJi =




1 for Ji ≥ J∗i
Ji−J−i
J∗i −J−i

for J−i ≤ Ji ≤ J∗i
0 for Ji ≤ J−i

Evaluate membership value for the overall degree of
satisfaction, D, by a t-norm, T, where T can be a
minimum or a product operator.

µD = T (µJ1 [J1], · · · , µJS [JS ])

3. (Phase 1) Obtain the least degree of satisfaction for
all objectives, µ1, by the minimum operator.

max
x∈Ω

µD =max
x∈Ω

min (µJ1 , . . ., µJS ) = µ
1

4. (Phase 2) Re-optimize the problem with new con-
straints.

max
x∈Ω+

µD = max
x∈Ω+

µJ1 × · · · × µJS
where Ω+ = Ω ∩ {µJi ≥ µ1, i = 1, · · · , S

}

Numerical Example

Considering a supply chain consists of 1 plant, 2 dis-
tribution centers, 2 retailers, and 2 products. The whole
planning horizon is 10 periods (weeks) based on a fore-
casting customer demand. Some of the environment con-
dition parameters are listed in Table 1.

The ideal/anti-ideal solutions for all objectives can be
found in Chen et al. (2002). The resulting membership
values of using T = minimum in phase 1 to maximize
µD = µ1 with fair distribution, and T = product in



Table 1: The environment condition parameters for the ex-
ample

Parameters Retailer 1 Retailer 2

MICr 400 400

SIQi1rt, SIQi2rt 100 100

Ii1rt0, I
i2
rt0 100 100

UICi1rt,UICi2rt $50 $50

UHCi1rt,UHCi2rt $15 $15

USRi1rt,USRi2rt $1700 $1700

FCDi1rt $180, $80 $180, $80

FCDi2rt $180, $20 $180, $20

phase 2 with additional constraints are depicted in Fig-
ure 1. Therein, a membership value closing to 1.0 im-
plies higher degree of satisfaction for associated objective.
The figures show that the proposed two-phase optimiza-
tion method can maximize individual efficiency and keep
fair profit distribution.

Conclusions

This paper study the fair profit distribution problem
of a typical supply chain network involving batch pro-
duction. We construct a multi-product batch production
combined with a multi-stage distribution planning model
to achieve objectives such as maximizing customer ser-
vice level, maximizing profit of each participant company
of the supply chain, and ensuring fair profit distribution.
A two-phase fuzzy optimization procedure is proposed to
maximize efficiency in production and distribution plan-
ning and to guarantee a fair profit distribution. One numer-
ical example is supplied to illustrate the proposed idea.
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Figure 1: Resulting membership values when using T =
minimum only (above) and the proposed two-phase opti-
mization (below)

Gjerdrum, J., Shah, N. and Papageorgiou, L. G. (2001).
Transfer price for multienterprise supply chain opti-
mization, Ind. Eng. Chem. Res., 40, 1650.



Table 2: Constraints and objectives relevant to retailers (for other equations, see Chen et al., 2002)

Retailers Constraints Inventory balance

Iirt = Iir,t−1 +
∑
d

Sidr,t−TLTdr − Sirt

IirT ≥ SIQirT
Birt = Bir,t−1 + FCDirt − Sirt
BirT = 0

Max inventory capacity
∑
i

Iirt ≤ MICr

Safe inventory quantity
SIQirt − Iirt ≤ Dirt ≤ SIQirt

Dirt ≥ 0

Cost Purchase cost TPCrt =
∑
d

∑
i

USRidrtS
i
drt

Inventory cost TICrt =
∑
i

UICirtI
i
rt

Handling cost THCrt =
∑
i

UHCirt(
∑
d

Sidr,t−TLTdr + Sirt)

Revenue Product sales PSRrt =
∑
i

USRirtS
i
rt

Service
level Customer service level CSLrt =

∑
i

(
Sirt

FCDirt + Bir,t−1
)

∑
i

1
× 100%

Inventory
level Safe inventory level SILrt =

∑
i

(1− Dirt
SIQirt

)

∑
i

1
× 100%

Objective
functions Overall profit

max
x∈Ω

∑
t

Zrt =
∑
t

PSRrt −
∑
t

TPCrt

−
∑
t

TICrt −
∑
t

THCrt

Avg. customer service level max
x∈Ω

∑
t

CSLrt/T

Avg. safe inventory level max
x∈Ω

T∑
t

SILrt/T
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