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Abstract — Many problems in the engineering domain involve
more than one objective to be optimized simultaneously. The
optimal solution to a multi-objective function results in a set of
equally good solutions (Pareto optimal set), rather than a unique
solution. Several entities are present in a typical supply chain
problem. Each of these entities has its individual objectives. When
all the objectives of supply chain are combined they work towards
a common goal of increasing the profitability of an organization.
The supply chain model is thus multi-objective in nature which
involves several conflicting objectives. A three-stage supply chain
problem (involving a network of supplier, plant and customer
zones) is solved using Multi-Objective Differential Evolution
(MODE) algorithm in this work. Three cases of objective functions
are considered in this study. Pareto optimal solutions are obtained
for each case. The results are compared with those reported using
NSGA-II in the literature.

I. INTRODUCTION

N order to the lead market in terms of product quality and

quantity, it is very important to make use of the limited
resources and plan effectively to identify and select new
opportunities. The ability of any company to handle the
challenges of reduced lead-times, costs associated with
production, increased customer service levels and improved
quality of product decides the company’s position in
marketplace. Proper planning of various entities involved in
the business are essential for successful running of business.
Traditionally, different entities of business, such as
procurement, production, distribution and marketing used to
work independently. The ultimate goal of any industry is to
maximize profit. But while maximizing profit these business
entities have different objectives. For example, aim of
marketing is to maximize customer service level and sales
volume, but these objectives conflict with the objective of
production and distribution. Raw material procurement
decisions are based on minimum cost of goods while
production and distribution decisions are based on maximum
output from plant with minimum production costs and
demand. Many companies do not pay attention on high levels
of inventory or long lead times (amount of time between the
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placing of an order and the receipt of the goods ordered).
Supply chain planning and management play an important
role in coordinating and integrating different entities of
business towards a common goal. Studies show that supply
chain planning has great potential for improvement in
achieving the aim of those objectives [1]-[3].

Several detailed studies have been reported in the
literature on supply chain optimization. Ding et al. [4] dealt
with an overview of the ONE system as an integrated
toolbox for a holistic assessment and optimization of
enterprise networks. They applied this tool and the
associated approach to a small but realistic problem for the
design and optimization of supply chain networks. Truong
and Azadivar [5] proposed a hybrid algorithm based on
genetic algorithm and mixed integer parameter model. They
solved the supply chain optimization routine considering
total cost as a single objective. Hunter et al. [6] have
presented several case studies for illustration of re-estimation
of demand and quick response (QR) versus traditional retail
practice. Their case studies showed the importance of supply
chain planning. They showed that useful information can be
made available very early in the season to the buyer, apparel
manufacturer and to the textile producer (to whom lead-time
is critical by use of demand re-estimation). Comparisons of
performance parameters for traditional and QR procedures
showed QR procedures are superior to traditional practices.
Berning et al. [7] arrived at a practical solution to a complex
scheduling problem in a chemical process industry involving
batch production. They showed that the successful
implementation has lead to both quantitative and qualitative
benefits. Supply chain problems are functions of several
parameters, e.g., lead times at each node [8], inventory
management [9], stochastic nature of supply chain[10], and
logistics issue in supply chain [11] etc. These entities when
combined together make supply chain problem very complex
and difficult to solve.

Supply chain needs to be considered as a whole but not as
an individual organization. Therefore a successful supply
chain planning model should increase the value of entire
supply chain by fulfilling customers demand with reduced
product cost, raised quality of product, and by making sure
that right product and services are delivered at right time,
right place and at right location thus increasing the
profitability. In this way, supply chain can be viewed as a
framework which includes the methodologies and techniques
to manage and control the flows of material, information,
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and financials in the supply chain to deliver value to all users
(Starting from supplier to customer) of the model. Thus the
task of successful supply chain model is to design, plan, and
execute the activities at different levels (e.g., Supplier,
producer, distributor and customer) so as to provide the
desired level of service to supply chain customers efficiently.

There are many entities in a supply chain, as discussed
earlier, each of which try to maximize their own inherent
objective functions in business transactions. Many of their
interests are conflicting in nature. Thus for two conflicting
objectives of supply chain each objective correspond to
different optimal solutions. An optimal solution obtained by
traditional single objective optimization procedure may
correspond to non-optimal design of supply chain when we
look at the design from systems optimization perspective.
The results can also be misleading in the situations of
nonlinear and complex search space, where an inefficient
algorithm may get attracted towards locally optimal
solutions.

Therefore, the decision maker should be presented with a
set of equally good solutions, which are referred as Pareto
optimal solutions or non-inferior solutions. The decision
maker then can choose the best design as per his
convenience from the efficient set or Pareto solutions.
Several algorithms are available in the literature for solving
multi-objective optimization problems, e.g., non dominated
sorting genetic algorithms (NSGA) and its variants, multi-
objective genetic local search algorithm, multi-objective
simulated annealing (MOSA), Pareto ant colony
optimization (PACO), Pareto differential evolution (PDE),
etc. [12]-[14]. It is observed that some of the multi-objective
optimization algorithms are not able to give a well
diversified and smooth Pareto front, while other algorithms
gets converged to a single point solution. Multi-objective
differential evolution (MODE), which is proposed earlier by
Babu et al.[15], is found to give better results than those
reported in the literature when applied to multi-objective
optimization of styrene reactor [15] and several test
problems [16].

II. SuppPLY CHAIN OPTIMIZATION USING MULTI-OBJECTIVE
DIFFERENTIAL EVOLUTION

The supply chain is basically the integrated network
among retailers, distributors, transporters, storage facilities
and suppliers that participate in the sale, delivery and
production of a particular product for [17]:

1. Maximizing overall value generated

2. Increasing competitiveness of the whole chain

3. Minimizing systemwide costs while satisfying service
level requirements

4. Matching supply and demand profitably for products
and services

It is due to the above reasons that the supply chain
optimization problem is considered as a multi-objective
optimization problem (MOOP). The supply chain problem
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therefore has to be considered as a whole (system
optimization) without placing the individual preferences of
the individual objectives. The built up supply chain model
should be capable of integrating all the entities so that the
flow of information happens among the entities in order to
meet the highly fluctuating demand of the market. The
important issues that drive the supply chain models and
govern its design are:

1. Inventory planning and management

2. Transportation and logistics management

3. Facilities location and layout design

4. Flow of information among the entities

These four drivers represent major flows associated with
supply chain problem. In order to maximize overall
profitability, it is not possible to get a unique solution that
satisfies either all the criteria or the objectives. If all the
objectives are satisfied then the solution obtained could be a
non-Pareto optimal point. Hence in multi-objective
optimization problem, we are interested in set of solutions
(rather than a single solution) which are non-inferior with
respect to each other and are part of Pareto optimal front.

Considering the complexity associated with the supply
chain problems, very little work has been done in this area.
Early attempts of solving supply chain model involved a
single objective function [18], [19]. Recently researchers
have started developing models based on multi-objective
functions [20], [21]. However these models do not use an
evolutionary algorithm perspective in developing non-
dominated set of solutions. Researchers for many similar
problems have used goal-programming methods. But the
goal programming methods cannot develop an entire Pareto
front. Multi-objective optimization of supply chain was
carried out using non-dominated sorting genetic algorithm-II
(NSGA-II) algorithm [10].

MODE [15] is an extension of Differential evolution (DE)
[22] (an improved version of Genetic algorithm [23]) for
solving multi-objective optimization problems. Several
applications of DE are reported in literature [13], [14]. DE is
modified to Multi-objective Differential Evolution to handle
the multi-objective optimization problems. The pseudo-code
for MODE is reported in literature [15]. The working of
MODE can be explained in brief as follows: an initial
population is generated at random using mapping rule. The
dominated solutions are removed from the population. The
remaining non-dominated solutions are retained for
recombination. Three parents are selected at random out of
non-dominated population points. A target vector is chosen.
Three other variables are also selected from population. The
difference of two vectors is multiplied by a scaling factor.
This weighted difference is then added into third vector to
create a noisy random vector. Cross over is carried out
between the target vector and the noisy random vector to
generate a trial vector. The cost of trial and target vectors is
compared and the variables corresponding to best cost is
passed into next generation. In this way another target vector
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is selected for further recombination. This continues till
maximum value of number of population (NP) is reached.
The non-dominated population at the end of each generation
becomes the population for the next generation. This
continues till the stopping criterion is met. The stopping
criteria could be of two kinds. 1. There is no solution added
to the non-dominated front for a specified number of
generations, 2. Program has reached the assigned upper
bound on number of generations. The stopping criteria may
be a combination of the two as well. The detailed discussion
on MODE is available in our earlier literature [15].

III. PROBLEM FORMULATION

Material Flow

Finance Flow

Fig. 1. Flow of financials, materials and the entities involved in supply
chain problem.

A. Supply Chain Viewed as a Network Model

As a part of the planning process, the structure of the
supply chain needs to be represented. This is usually done
using a network model. A network model is used in this
study to graphically represent a supply chain model. Fig. 1
represents the flow of material and entities involved in the
supply chain. In Fig. 1 each node represents existing
facilities (e.g., supplier, plant and customer). The arks and
link are used to connect the nodes in supply chain model.
These arks represent the flow of material from one node to
another, e.g., the raw material supply from supplier to plant
and then from plant to customer zone. In this problem,
supplier also represents the most upstream entity whereas
customer zone represents most downstream entity. Thus, the
flow of material occurs from supplier to customer zone and
the flow of financials occurs from customer zone to the
supplier. The direction of these flows can change only in the
case of reimbursement or rebate. In this problem we have
considered only one way flow of material and the financials.

Present study considers that a single product is
manufactured from three different components (raw
materials). The nomenclature used in the present problem is
as follows (Fig. 1): S1-S5 denotes the five suppliers; P1-P3
denotes the three Manufacturing establishments (plants), and
C1-C4 denotes the four customer zones. The flow of goods
and finance are also shown in Fig. 1.

In this problem we have considered that all five suppliers
can supply three different components to all three plants.
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These components can be transported by road/rail or shipped
to any of the three plants where the product is manufactured.
The cost of transportation is also taken into account. The
finished product from plant is then shipped to the customer
zones based on demand. In actual practice, few suppliers are
preferred over others depending on their previous
performance, quality, timeliness of goods delivered. In order
to give more value to the preferred suppler, we have added
more value in terms of costs for supplier’s previous
performance, quality provided and timeliness of goods
supplied. Thus the most preferred supplier has a lowest cost
for particular component. Different indices describe the
interactions between different entities in supply chain model.
The set of those indices are

(i, j): Component-Supplier

(i, j, k): Component-Supplier-Plant

(k, 1): Plant-Customer Zone

B. Problem Formulation

In this study, five objective functions are considered
which are divided in three sets of two objective problems.
The objective functions reported in this study are taken from
literature [10]. The objectives are minimization of Total
operating cost (TOC), Total cost (TC) and Machinery cost
(MC) and maximization of profit and revenue.

Objective Functions

Three sets of objective functions used in this formulation
are as follows:

1) Objective Functions Set 1

Objective Function 1: Minimize TOC

Objective Function 2: Minimize MC/TOC

Total operating cost plays an important role in statistics of
manufacturing of product. Therefore, minimization of TOC
has been given greater importance in supply chain
optimization problems. The second objective function is the
ratio of manufacturing cost to total operating cost. This
objective function also holds importance since it is very
important to ensure that manufacturing cost fall within a
certain permissible bound as a percentage of the total
operating cost. Those two objectives clearly show the trade-
off among each other, as value of first objective (TOC) is
appearing in the denominator of second objective function.

2) Objective Functions Set 2
Objective Function 1: Maximize Profit
Objective Function 2: Minimize MC

In this problem, the conflict is not easily seen. The results
are analyzed in the subsequent section, which show the
conflict among the objectives.

3) Objective Functions Set 3

Objective Function 1: Maximize Revenue

Objective Function 2: Minimize TC

This multi-objective optimization problem consists of
maximization of revenue and minimization of transportation
cost. The transportation cost plays a major role in total
operating cost and it also acts as interacting medium between
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different entities of the supply chain model. Therefore it
needs to be considered in every supply chain optimization
problem.

C. Variables and Constraints

Total 36 variables are involved in the present study. The
summary of these variables is as follows: 15 variables for 3
components transported from 5 suppliers to three plants; 12
variables for amount of product from 3 plants to 4 customer
zones and 9 variables for inventory of each component (3) at
each plant (3). The constraints are also imposed on plant
capacities, supplier capacities, inventory balancing and total
operating cost of the supply chain model. Penalty function
method is used to handle constraints. This method involves
penalizing the objective functions in proportion of constraint
violation [13]. The constraints involved in the study are:
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Equations 1-5 represent the constraints used in the present
study. Equations (1) and (2) represent the constraints on
plant and supplier capacity respectively. Constraints are
imposed on Inventory balance of component 1, 2 and 3,
which is represented by set of equations (3), (4) and (5)
respectively. A variable S(i, j) in the above constraints is a
binary variable which denotes whether component i is
supplied by supplier j or not. In this study, the S(i, j) values
are fixed as 0 and 1 randomly. Equations 6, 7 and 8 are
expressions for transportation cost (TC), total manufacturing
costs [TMC; which include the plant labor, inventory (IC)
and manufacturing costs (MC)] and supplier costs (SC). The
last equation, (9) represents the total operating cost (TOC),
which a sum of transportation cost, total manufacturing costs
and supplier costs.

IV. RESULTS AND DISCUSSION

The key critical parameters of MODE are population size
(NP), crossover constant (CR) and Scaling Factor (F).
Several simulations runs (more than 50) were carried on
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computer using different set of MODE parameters. Smooth
Pareto front was obtained from each combination from
which the decision maker can use the solutions of his/her
interests. MODE also is tested for its robustness.
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Fig. 2. Comparison of Pareto front between TOC and MC/TOC using
NSGA-II (700 generations) and MODE (10 generations) and effect of
NP on Pareto front using MODE. algorithm
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Fig. 3. Pareto front between TOC and MC/TOC after 10 generations
and NSGA-IL. Effect of CR on Pareto front (using MODE).

A. Objective Function Set 1

Fig. 2, 3 and 4 show the Pareto front between total
operating cost and ratio of manufacturing cost to total
operating cost for random seed. Fig. 2 also shows the effect
of NP on Pareto front after 10 generations and comparison of
results of MODE study with NSGA-II [10]. It is observed
that number of non-dominated solutions remains same after
10 generations. Pareto front is well diverged and smooth for
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all reported values of NP (Fig. 2). However, for NP=50, the
number of non-dominated solutions is low (19). The Pareto
front is found to be dragged towards right in the region of
MC/TOC value of 1.5-2.0 for this NP value. Fig. 2 also
illustrates that for NP value of 100, or greater than 100
although the Pareto front remains the same, the number of
non-dominated solutions are found to be varying. The
number of non-dominated solutions for NP value of 50, 100,
150 and 170 are 19, 23, 32 and 23 respectively. Fig. 2 and 3
show that the Pareto front obtained using NSGA-II is found
to cover less than 20 % of MODE outcome in 700
generations.

Fig. 3 shows the effect of CR on Pareto front at fixed NP
(=150) and fixed number of generation (Ng=10). Several
simulation runs were carried out using various values of CR,
and some of the combinations are shown in Fig. 3. MODE is
found to give smooth and well-diversified non-inferior
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solutions for all values of CR in range. Population points at
first generation (Ng=1) and Pareto front after 10 generations
(Ng=10) are shown in Fig. 4. Population at first generation
also illustrates the objective space for the set 1 of supply
chain optimization problem. After 10 generations, TOC
(INR) is found to vary between the value of 3514335 and
83175376 while the ratio of MC to TOC varies between the
range of 0.027752 and 0.561639. There is a clear trade off in
these solutions. Table I, shows the comparative analysis of
current study with literature study [10]. As this is maximize-
minimize type of multi-objective optimization problem, the
extreme left point on the Pareto front would be the point that
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Fig.6. Trade-off between Revenue and TC after 10 generations and
obijective space at generation 1.
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Fig. 7. Pareto fronts after 10 generations and effect of NP on Pareto
front.

gives the maximum value of TOC and a minimum value of
MC/TOC.

In the study mentioned in literature [10], the maximum value
of objective function TOC does not correspond with
minimum value of objective function MC/TOC. In the
current study, the Maximum value of objective function
TOC in the entire Pareto range is found to be 83175376, and

2007 IEEE Congress on Evolutionary Computation (CEC 2007)



corresponding value of MC/TOC is 0.0261639 which is the
minimum value of MC/TOC in the entire Pareto set. This is
evident from Table I. If the extreme right point on Pareto
front is compared, then MODE is found to give better results
than NSGA-II, which is shown in Table I. In this study also,
although the values of decision variables involved in the
study are different, MODE has given better results in terms
of trade-off among the objectives.
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Fig. 8. Comparison of MODE and NSGA-II Pareto fronts.

TABLEI
ANALYSIS OF OBJECTIVE FUNCTIONS TOC vs. MC/TOC

NSGA-II[10] MODE (Present Study)
Objective Corresponding ~ Objective  Correspo
Function Value Function nding
Value
Statistic TOC MC/TOC TOC MC/TO
(INR) C
Maximum 175129 0.327840 83175376  0.027752
Minimum  51477.0742  0.4800 3514335 0.561639
Mean 107536.784 24525698
Std. Dev. 25382.0615 21106445
MC/TOC TOC MC/TOC  TOC
(INR)
Maximum  0.494218 111098.08593  0.561639 3514335
Minimum  0.168562 87393.14848 0.027752 8317537
Mean 0.356052 0.175072
Std. Dev. 0.051778 0.161984

B.  Objective Function Set 2

Fig. 5 shows the Pareto front between the objective
functions profit and MC. This set consists of maximize-
minimize type of objective functions. Values for profit (INR)
vary between 287 and 94466 while values for manufacturing
cost vary between 203990 and 228709. Fig. 5 shows the
Pareto front between two objectives and objective space
after generation 1 and the Pareto front after 10 generations
respectively. As it can be seen, the objective space is
discontinuous in nature. This could be due to the effect of
several complex constraints on objective space. The
discontinuous objective space has resulted in a discontinuous
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Pareto front but with better spread of solutions. The Pareto
front remains the same for all reported values of the number
of population points. The number of non-dominated points
for NP values of 50, 100, 150, and 170 was 6, 6, 8 and 8
respectively. The effect of control parameter CR was also
checked on the spread and diversity of Pareto front with
NP=150 and after 10 generations. No change in number of
solutions or Pareto front was observed for different CR
values in range (0.2 to 1.0).

TABLE IT
ANALYSIS OF OBJECTIVE FUNCTIONS REVENUE vs. TC
NSGA-II[10] MODE (Present Study)
Objective Corresponding ~ Objective  Correspo
Function Value Function nding
Value
Statistic Revenue TC Revenue TC
(INR) (INR)
Maximum  497068.625  80233.382813 109382 6784773
Minimum 308609.468  47546.855469 332 112367.4
Mean 436037.487 58656.33
Std. Dev. 36426.0705 50487.34
TC Revenue TC (INR) Revenue
(INR)
Maximum  82823.6171 493821.8750 67847736 109382
Minimum  47546.8554  308609.45875  112367.4 332
Mean 66736.9272 20080159
Std. Dev. 6267.46296 28273803

C. Objective Function Set 3

Transportation cost is considered as an important cost in
every supply chain problem. The trade-off among the
objectives of revenue and transportation cost is shown in Fig.
6. Pareto front is obtained for this supply chain multi-
objective optimization problem. The Pareto front for CR
value of 0.9 and after 10 generations with different NP
values is shown in Fig. 7. It is interesting to note that with 50
number of population points (NP), the Pareto front is
converged into the local region. But if NP is increased
subsequently beyond the value of 100 the Pareto set of
solutions remains the same in terms of number of solutions
and objective function values. Simulation runs were carried
out with NP=150 and Ng=10. Pareto fronts are obtained with
good spread and diversity. Fig. 6 also illustrates the objective
space for current supply chain problem. The objective space
is found to be discontinuous in nature and the shape of
objective space is nearly triangular with more number of
solutions in dominated region. Also the objective space is
constructed in such a way that there are very few points in
the region of Pareto frontier. Because of very less number of
solutions in the preferred region, the number of non-
dominated solutions in the Pareto front is less. Fig. 8 shows
the comparison of Pareto front obtained using MODE and
NSGA-II [10]. Large deviation in result is observed as the
range of decision variables considered in both studies is
different. NSGA-II has shown good diversity but in the
region of higher value of objective function revenue. Pareto
front obtained using MODE is also well spread but in the
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range of lower value of revenue and higher value of TC.

Table II shows the analysis of results obtained in present
and previous study [10] using revenue and TC as objective
functions. The standard deviation and mean values for
objective function revenue are 58656.33 and 50487.34
respectively (present study). For objective function TC, the
values for mean and standard deviation are 20080159 and
287273803 respectively. Figures 2-8 show that Pareto front
obtained with various values of key parameters is almost
same (except for very low value of NP). It is observed that
percentage of number of non-dominated solutions decreases
with increase in number of population points. When CR
values were changed from 0.2-0.9, the Pareto front obtained
was same. F is assigned as a random value which range
between 0 to 1. In our earlier study[24], robustness of
MODE was tested on several benchmark test problems.
Several simulation runs were carried out to test the effect of
NP on the Pareto front. The % change in number of non-
dominated solutions is found to decrease if NP value exceeds
the value of 100. This is shown in Figure 9. Recently new
new version of MODE ie. Elitist- Multi-objective
Differential Evolution (EMODE) algorithm is developed
[25]. EMODE algorithm is tested on several benchmark test
problems, and is found to perform better than MODE in
terms of number of solutions in Pareto front. However, the
computational time for EMODE is found to be more than
MODE algorithm. EMODE involves the concept of
crowding distance [12] to retain better population points
which can be passed to next generation.
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Fig 9. Change in number of non-dominated solutions vs.
population size using MODE algorithm.

The success of MODE largely depends on its strong
combined mutation and crossover policy. This combined
operation is named as Recombination. Usually in genetic
algorithm both mutation and crossover operations are carried
out separately. Any multi-objective optimization algorithm
need to include two very important aspects, i.e. convergence
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and divergence of solutions. In MODE, crossover operator
takes care of divergence, which enables it to search for better
solution in every step. At the same time the scaling factor
takes care of convergence of diverted solutions, thus making
algorithm faster and accurate in a single step.

V. CONCLUSIONS

Multi-objective differential evolution (MODE) algorithm
is applied successfully on multi-objective optimization of
supply chain planning. A hypothetical but realistic supply
chain optimization problem was selected. MODE has
provided a set of non-inferior solutions and these solutions
can be used by the decision maker to design the supply
chain. MODE is found to give a better spread of solutions,
when compared with the results obtained by NSGA-IIL
MODE is also tested for robustness against its control
parameters. For very complex objective space, with very low
value of NP, MODE algorithm is found to converge towards
local optima region. However, as NP value is increased,
Pareto front is found to remain the same. It is observed that
almost same Pareto front is obtained for all the three sets of
multi-objective  optimization problems under = study.
Evolutionary algorithms have the potential of solving
challenging and combinatorial problems. This paper
confirms the potential of MODE to solve complex problems
like multi-objective optimization of supply chain model.

NOMENCLATURE

CR Cross over constant used in MODE.

CS (i, j) Cost of making a component ‘i’ by supplier ‘j’
D (1) Demand at customer zone ‘1’

F Scaling factor used in MODE.

I Inventory of component ‘i’ at plant ‘k’

i Component

IC (k) Plant IC (k) Inventory cost of plant ‘k’/unit
j Supplier

k Plant

L(i,j) Capacity of supplier ‘j” for component ‘i’

l Customer-zone

LC (k) Labor cost of plant ‘k’/unit

MC (k) Manufacturing cost of plant ‘k’/unit

NP Number of initial population points in MODE.

PTC (k1) Plant transportation cost from plant ‘k’ to customer zone
1 /unit

SP (1) Selling price at customer zone ‘I’/unit

STC (i, j, k) Transportation cost of a component ‘i’ from supplier j’
to plant k’/unit

U (k) Capacity of plant ‘k’

Xijk Amount of component ‘i’ from supplier ‘j’ to plant k]’

Yii Amount of product shipped from plant ‘k’ to customer
zone ‘I’

REFERENCES

[1] N. Karabakal and G. Gunal, “Supply chain analysis at Volkswagen of
America,” Interfaces, vol. 30 (4), pp. 4655, 2000.

[2] P. Lyon, R. Milne, and R. Orzell., “Matching assets with demand in
supply chain management at IBM microelectornics,” Interfaces,vol.
31 (1), pp. 108-124, 2001.

[3] J. A. Joines, D. Gupta, M. A. Gokce, R. E. King; and M. G. Kay,
“Supply chain multi-objective simulation optimization,” in

2007 IEEE Congress on Evolutionary Computation (CEC 2007)



[19]

[20]

[21]

Proceedings of the 2002 Winter Simulation Conference, 2002, pp.
1306-1314.

H. Ding, L. Benyoucef, X. Xie, C. Hans; and J. Schumacher, “One -A
new tool for Supply chain network optimization and simulation,” in
Proceedings of the 2004 Winter Simulation Conference, 2004, pp.
1404-1411.

T. H. Truong, and F. Azadivar, “Simulation based optimization for
supply chain configuration design,”in Proceedings of the 2003
Winter Simulation Conference, 2003, pp. 1268-1275

N. Hunter, R. King, and H. Nuttle,. “An apparel-supply system for
QR retailing,”. Journal of Textile Institute, vol. 83(3), pp. 462-470,
1993.

G. Berning, M. Brandenburg, K. Giirsoy, J. S. Kussi, V. Mehta, and
F. J. Tolle, “Integrating collaborative planning and supply chain
optimization for the chemical process industry (I)—methodology,”
Computers and Chemical Engineering, vol. 28, pp. 913-927, 2004.
A. Cakravastia, I. S. Toha, and N. Nakamura, “A two-stage model for
the design of supply chain networks,” International Journal of
Production Economics, vol. 80, pp. 231-248, 2002.

1. Giannoccaro and P. Pontrandolfo, “Inventory management in
supply chains: a reinforcement learning approach,” International
Journal of Production Economics, vol. 78, pp. 153-161, 2002.

E. G. Pinto, “Supply chain optimization using Multi-objecitve
Evolutionary ~ Algorithm,”Technical =~ Report, available online
http://www.engr.psu.edu/ce/Divisions/Hydro/Reed/Education/CE%20
563%20Projects/Pinto.pdf

R. R. Lummus, D. W. Krumwiede and R. J. Vokurka, “The
relationship of logistics to supply chain management: Developing a
common industry definition,” Industrial Management and Data
Systems, vol. 101 (8-9), pp. 426-431, 2001.

K. Deb, Multi-Objective  Optimization —using  Evolutionary
Algorithms, New York: John Wiley & Sons Limited, 2001.

G. C. Onwubolu and B.V. Babu, New Optimization Techniques in
Engineering, Germany: Springer- Verlag, 2004.

B.V. Babu, Process Plant Simulation, New York: Oxford University
Press, 2004.

B. V. Babu, P. G. Chakole; and J. H. S. Mubeen, “Multi-objective
Differential Evolution (MODE) for optimization of Adiabatic Styrene
Reactor,” Chemical Engineering Science, vol. 60(17), pp. 4822-4837,
2005.

B. V. Babu, A. M. Gujarathi, P. Katla, and V. B. Laxmi, "Strategies
of Multi-Objective Differential Evolution (MODE) for Optimization
of Adiabatic Styrene Reactor". In Proceedings of International
Conference on 'Emerging Mechanical Technology-Macro to Nano
(EMTMN-2007)', BITS Pilani, February 16-18, 2007, pp. 243-250.

S. Chopra, and P. Meindl, Supply Chain Management, Second
Edition, Prentice-Hall, pp.567.

M. A. Cohen, and H. L. Lee, “Strategic Analysis of Integrated
Production-Distribution Systems: Models and Methods,” Operations
Research, vol. 36(2), pp. 216-228, 1988.

B.C. Arntzen, G.G. Brown, T. P. Harrison and L. L.Trafton, “Global
Supply Chain Management at Digital Equipment Corporation,”
Interfaces, vol. 25, pp. 69-93, 1995.

J. Ashayeri and J. M. J. Rongen, “Central Distribution in Europe: A
Multi-Criteria Approach to Location Selection,” International
Journal of Logistics Management, vol. 8(1), pp. 97-109, 1997.

E. Melachrinoudis, and H. Min, “The dynamic relocation and phase-
out of a hybrid, two-echelon plant/warehousing facility: A multiple
objective approach,” European Journal of Operations Research, vol.
123, pp. 1-15, 2000.

K. Price, and R. Storn, “Differential Evolution- a simple evolution
strategy for fast optimization,” Dr. Dobb’s Journal, vol. 22, pp. 18-24
and 78, 1997.

D. E. Goldberg, Genetic Algorithms in search, optimization and
machine learning. Addison-Wisley, Reading, MA., 1989.

B. V. Babu, and M. M. L. Jehan, "Differential Evolution for Multi-
Objective Optimization," In Proceedings of 2003 Congress on
Evolutionary Computation (CEC-2003), Canberra, Australia,
December 8-12, 2003, pp. 2696-2703.

B. V. Babu and Ashish M. Gujarathi, "Elitist-Multi-Objective
Differential Evolution (E-MODE) Algorithm for MultiOobjective
Optimization". To be presented at 3rd Indian International

2007 IEEE Congress on Evolutionary Computation (CEC 2007)

Conference on Artificial Intelligence (IICAI-2007), Pune, December
17-19, 2007.

2739




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


