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Study on Hybridized Genetic Algorithm for
Production-Distribution Planning Problems

Yinzhen Li*

Dept. of Industrial and Systems Engg.
Ashikaga Institute of Technology

AHFETIE, £ - PR ATLAEBLOERIZBWT, RUYEECRENREH TH S AEREHE
RAIRE L L CHEOEXMIRE (Transportation Problem) & BEE# (T & &iX[RE (Fixed Charge Trans-
portation Problem) , XLIZAEFROKINEHS 7F . MEERE (Capacitated Plant Location
Problem) #H 0 EiF, FhbOBEBMT N TY XAIZESL RO LBEICHT HELETo. —
AREZ, T b ODRMLRAEOHREBIIN LT, LEAE)FRERUHEARMKOS '5\7))6%03&5753
ERENRTWD. A TIE, GA OBMBICYT=- T, MBEOBEHICES L= GA OBREXTD
TW5. T4bb, GADBAEHEY, MEOHESMEIESHIZGA tﬁé%ﬁﬁf%#ﬂiﬁ'“bﬂ'
TenA 7Yy FRIBREM7T AT ) AL%BEL TS, £ - BXHEREEZNSRE L, £9iLH
77a—F L LCHEOHEEEZEN LGN A 7Y v FRIREHTALT) XL EREL, BE
R TEMBERRT 2D OEMEELZEC S FEEZEBLTWAS.

Keyword: Hybridized genetic algorithms, Production-distribution problems, Optimization,

Multiple objectives

1. Background of the Study

Production-distribution planning problems are very
important and representative activities in the accom-
plishment of optimizing production and logistics. Such
problems include the production planning problem,
the transportation problem, the plant location prob-
lem and their related problems. Those problems usu-
ally can be formulated as network optimization prob-
lems. For their solutions, many mathematical pro-
gramming methods and heuristic methods have been
proposed and developed in the three recent decades.

Most of the practical optimization problems can
be categorized into two models: (1) single objective
optimization problems; and (2) multi-objective op-
timization problems. The traditional optimization
methods often focus on obtaining an optimal solu-
tion or Pareto optimal solutions for these two types
of optimization problems.

In the past two decades, the evolutionary compu-
tation methods based on the evolution principle of
nature have been recognized as robust solution meth-
ods for handling hard optimization problems such as
large-scale optimization problems, combinatorial op-
timization problems, and so on. However, these gen-
eral methodology techniques must be able to connect

*Recived Ph.D. degree from Ashikaga Institute of Technol-
ogy, March 1999. Now she is a system enginner in IT Solution
Division, FJB Web Technology Ltd., Tokyo

with the constitutive property of the problem to build
an efficient solution method to the problem. Also,
reduction of the necessary memory capacity is some-
times needed in order to reduce the computing time.

TSTLAERS

the genetic #gorithms to ﬁnd optxmal or near—optlma
solutions of@he produ thIL blems ex-
isting in th{ producti d logespics ms. The
objective hag three ai ) to deVelopatlass of evo-
lution progra 1
with single or multiple objective functions for the
production-distribution planning problems; (2) to de-
velop new techniques for representing the transporta-
tion graph in a genetic algorithm approach for solving
those varieties of distribution planning problems; and
(3) to compare with the results by the matrix-based
genetic algorithm approach, and verify the effective-
ness and efficiency of the proposed genetic approach
on those production-distrubution planning problems.
The algorithmic approach is adopted mainly in
this study. In solving the production-distribution plan-
ning problems, we focused on the network structure
which is characterized as a spanning tree. We adopted
the Priifer number encoding, which is one type of tree
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encoding, to represent the candidate solutions, and
construct the genetic algorithm based on the span-
ning tree. Furthermore, to improve the performance
of the searching solution, we combined the local search
with reduced costs, which is well known as an im-
portant factor in linear programmming, into the pro-
posed GA approach. In order to verify the effective-
ness and efficiency of the proposed GA approaches,
we given some comparisions with results by the ex-
isting matrix-based GA approach. Here we present
with the fixed charge transportation problem and the
capacitated plant location problem on the hybridized
GA.

3. Production-Distribution Plan-

ning Problems

3.1
lem

The fixed charge transportation problem (fcTP) is an
extension of the transportation problem (TP). Many
practical transportation and distribution problems,
such as the minimum cost network flow (transship-
ment) problem with a fixed charge for logistics, can
be formulated as fixed charge transportation prob-
lems.

This problem with given m plants and n ware-
houses can be formulated as follows:

f(x) = ZZ(.fiJ’(m) +dijgi;(x)) (1)

min
i=1 j=1
n
s. t. Z.’I;-,:J‘Slli, i=1,2,---,m (2)
i=1
m
Zzij ija J=12,--,n (3)
i=1
z;; 20, Vi,j (4)
. _ 1, if Tij > 0
with gi3(x) = { 0, otherwise (%)
where

& = [z;;] is the unknown quantity to be transported

on the route (i, 7).

fij(z) can be viewed as the objective function
from the original TP, which means the total
transportation cost for shipping per unit from
plant i to warehouse j in which f;;(2) = ¢;;jzi;
will be the cost function if it is linear.

d;; is the fixed cost associated with route (%, 7).
a; is the number of units available at plant .

b; is the number of units demanded at warehouse j.

Any general mixed integer programming solution
method can be used to solve the fcTP, such as the

branch-and-bound method or the cutting plane method.

Fixed Charge Transportation Prob-

Because they do not take advantage of the special net-
work structure of the fcTP, these methods are gener-
ally inefficient and computationally expensive [30].

Since the fcTP is an extension of the TP, it has the
same network structure as the solution characterized
as spanning tree. Therefore, the spanning tree-based
genetic algorithm can be adapted to this problem.
The experiments have shown the performance of the
proposed hybridized spanning tree-based genetic al-
gorithm.

3.2 Capacitated Plant Location Prob-
lem

Plant location problems are actually a variation of
the fixed-charge model. There is a number of receiv-
ing stations n and the demands at these destinations
are satisfied from m potential plants or warehouses.
Usually, n is considerably larger than m. This prob-
lem is required to decide on the location and capacity
of each plant in order to satisfy the demand.

m n m
¢PLP: min  z(z) =Y > cyzij + Y digi(6)
i=1 j=1 i=1
m
s. t. injzbj, j:1,2,~..’n (7)
=1

n
inj Saiyia 7;:1,2,"',771(8)
i=1
y;=00rl, i=1,2,---,m (10)

The variables are z;; and y;, which represent the
amount shipped from plant ¢ to warehouse j and
whether a plant is open (or located) (y; = 1) or closed
(y; = 0), respectively.

4. GAs for Fixed Charge Prob-
lems

There are two genetic algorithms, matrix-based GA
and spanning tree-based GA, for solving the fixed
charge problems such as fixed charge transportation
problem, plant location problem and so on. In next,
we only deal with the different representations on

those GAs.

4.1 Matrix-based GA

Matrix representation is direct representation of a so-
lution for a transportation problem. Matrix-based
GA is a GA based on matrix representation. The al-
location matrix of a transportation problem can be
written as follows:
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Ti1 T2 Tin

T T T
Xp — 21 22 2n

Tmi1l Tm2 Tmn

where X, denotes the pth chromosome (solution) and
z;; is the corresponding decision variable.

4.2 Spanning Tree-based GA

Spanning tree-based GA is a GA based on tree repre-
sentation which is a indirect representation of the so-
lution for transportation problem. We use the Priifer
number as a tree representation, which is one type
of the node encoding for the tree, to develop our GA
approach. The transportation graph in Figure 1 can
be represented as a spanning tree such as in Figure

DI D, D, D,

S | B 8
5, | B b B |19
S, B__é 17

Fig. 1: Illustration of a basis for the transportation
tableau and the transportation graph.

To develop the tree representation for TP, we de-
note plants 1,2, ...,m as the components of the set
S ={1,2,...,m} and warehouses 1, 2, ..., n as the com-
ponents of the set D = {m+1,...,m+n}. Obviously,
the transportation problem has m+n nodes and mxn
edges in the transportation tree.

Priifer number : P(T)=[42273]

Fig. 2: A spanning tree and its Priifer number

Warehouses

4.3 Overall Procedure

Let P(t) be a population of chromosomes for the iter-
ation t and C(t) be the generated chromosomes at the
iteration ¢. The overall procedure of hybrid genetic
algorithm is summarized in Figure 3.

procedure: st-HGA /fcTP
begin
t —0;
initialize P(t);
evaluate P(t) based on spanning tree;
while (not termination condition) do
recombine P(t) to generate C(t) by
genetic operation;
evaluate C(t) based on spanning tree;
select P(t + 1) from P(t) and C(t);
renew P(t + 1) by traditional operation;
t—t+1,
end
end

Fig. 3: Overall procedure of st-HGA for fixed charge
TP

5. Numerical Experiments

The proposed hybridized GA approach was imple-
mented in C language and run on a HP 9000 Model
715/100 workstation under the UNIX operating sys-
tem. The performance of the solution procedure is
evaluated by both solution quality and CPU time.

5.1 Experiments for fixed charge trans-
portation problem

Table 1: Ranges of integer fixed costs for different
types of test problems
Problem type

Range of fixed costs

Lower limit | Upper limit
A 50 200
B 100 400
C 200 800

The coded spanning tree-based GA (st-GA) was
run 10 times with the given parameters, mutation
rate 0.4, crossover rate 0.2, maximum generation 1000
and different population sizes. For the different sized
problems, the given population sizes were 100 for the
5 x 10, 200 for the 10 x 10 and 300 for 10 x 20.
For the matrix-based GA (m-GA), probabilities of
the genetic operators were given as 0.2 for mutation,
and 0.4 for crossover, which were known as better
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parameter settings. Table 2 compare the results from
the m-GA and hybridized GA(st-HGA) for three test
problems with problem types. To compare solutions,
the solution quality was defined as follows.

best solution

Soluti lity = — x 100
OTMON qUATLY = btained solution

The "best solution” means the best of all the m-
GA and st-GA solutions for a given problem. The
number of trails found best solution is given in the
columns labeled "Freq”.

Table 3 given the comparison between m-GA and
st-HGA on CPU time for three fcTPs.

Figure 4 illustrates the average solution quality
as a function of evolutionary process on the problem
5 x 10 problem of type A (Table 1). It clearly shown
that the spanning tree-based encoding has a better
mechanism to evolve to the optimal solution in the
evolutionary process than the matrix-based encoding.

N
o

(=3
(=]

—
—

o
o

—— m-GA
- st-GA

Solution qualit
fad - (-3
o © o

(-]

0 500 1000

Generation

1500 2000

Fig. 4: Evolutionary process on 5 x 10 fcTP

5.2 Experiments for capacitated plant
location problem

The computational results with three problem sizes
denoted by m x n are used. Those are 5 x 10, 10 x 15
and 10 x 20 shown in Table 4. Each test problem was
randomly generated.

Table 4: The capacities and ranges of demands and
fixed costs for cPLP

Problem size | Capacity | Demand Fixed cost
of Plant

5x 10 5000 (100, 1000] | [200, 500]

10 x 15 10000 [100, 2000] | [500, 1000]

10 x 20 20000 (200, 2000] | [500, 1000]

The implemented st-HGA was run 10 times with

given genetic parameters, mutation rate p,,=0.4, crossover

rate p,=0.2. The maximum generation for the two
problems 5 x 10, 10 x 15 was taken as 2000, but for
the problem 10 x 20 was 1000. The population sizes

were given as 100, 150, 150, respectively, for the 5x10,
10 x 15, and 10 x 20 test problems.

i From Table 5 we can see the st-GA found the best
solution in times than the m-GA. In the comparison
of the solution quality, the st-HGA also has higher
probability to evolve the optimal solution or near-
optimal solution than m-GA and st-GA. Table 6 in-
dicates that the st-GA used much less computational
time than m-GA and st-HGA on the small-scale prob-
lem. On the large-scale problems, especially for the
10 x 20 test problem, the CPU time by the st-GA
was not greatly different from the computing time of
the m-GA and st-HGA. This is because the st-GA
requires more time to generate the feasible chromo-
somes in the initialization procedure.

6. Conclusions

In this study, two genetic algorithm approaches were
developed and proposed for solving the production-
distribution problems, i.e., traditional transportation
problem, multi-objective transportation problem, fixed
charge transportation problem, capacitated plant lo-
cation problem, and the bicriteria transportation prob-
lem with fuzzy numbers. The proposed spanning tree-
based genetic algorithm absorbed the characteristics
of the network structure of the distribution prob-
lems and it designed by using tree encoding, which
can find the optimal solution or Pareto optimal so-
lutions for variety of transportation problems. In
order to improve the performance of the proposed
genetic algorithm, hybridized genetic algorithm ap-
proach with local search by reduced cost was pro-
posed. The effectiveness of the hybridized genetic al-
gorithm approach has evaluated by comparison with
matrix-based genetic algorithm approach. The pro-
posed spanning tree-based genetic algorithm can also
be adopted to other production-distribution planning
problems with this kind of network structure.
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The Circumstances Around Diesel Engines Today
Hiro NAKAHARA

Abstract

Diesel engines today are at their turning-point. Although they are profitable for restraining global
warming. they remain hovering around at a low level in satisfying the environmental standards of
overpopulated cities should take immediate measures against these circumstance. By replacing
diesel vehicles . which should be considered inappropriate at the moment. With gasoline vehicles

whose exhaust fumes are cleaner.
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