Chapter 6

Genetic algorithm approach of a
solid transportation problem based

on fuzzy logic

6.1 Introduction

In reality, the amount of transportation from an origin inversely depends on the level of
unit cost of transportation. When the unit cost of transportation in a certain path is low,
then one attempts to transport maximum amount of the item though that path i.e, the
amount of transportation is high. Again on the contrary, if the unit cost of transportation
is high, then less resource is transported. For medium unit cost of transportation, amount
of transportation is also medium. If the two parameters such as quality (percentage of
breakability) transportation amount and distance of destination have been considered
for transportation in a transportation system, then transported cost varies inversely with
the item of transportation and the distance of destination. This means that if quality of
transportated item low then the transportation cost will be maximum and if the distance
from source to destination is low then the transportation cost will be maximum. When

these conditions are automatically hold with fuzzy parameters under IF-THEN rules,
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these rules are called fuzzy references.

In the 1960s. the idea of fuzzy logic was advanced by Dr. Lotfi Zadeh [152]. He
was working on computer understanding problem of natural language (like most other
activities in life and indeed the universe) which is not comfortably converted into the
absolute terms of 0 and 1. It may help to see fuzzy logic as the way reasoning really works
and binary or Boolean logic is simply a special case of it.These two substantial fields are
recognized as major factors of soft computing: a set of computing technologies already
riding the waves of the next century to produce the human-centered intelligent systems of
tomorrow in the existing literature (cf Rajak et al. [125], Ross et al. [124], Maria et al. [92)]
) . Haley [52] developed the solution procedure of a solid transportation problem and
made a comparison between the STP and the classical transportation problem. Gupta
ct al. solved a fuzzy STP following two level fuzzy programming technique. Thercafter,
a series of literature [9], [146] and reports [37] became available in which the fixed charge
has been considered in deterministic nature. [20], [43], [15], [16], [F1], [73] and [111]
discussed the solution algorithm for solving the transportation problem in uncertain
environment. In 1970, Genetic algorithms are search and optimization evolutionary
algorithms based on the principles of natural phenomenas, which were first introduced
by John Holland [58]. Genetic algorithms also implement the optimization strategies
by simulating evolution of species through natural selections, cross over and mutation.
Through a genetic evolution, a fitter chromosome has the tendency to yield good-quality
offspring, which means a better solution to the problem.

In this chapter, a solid transportation problem is considered where the unit cost is
depended into parts: one for type of item like, liquid item, glass goods, solid items, etc,
another part of cost depends on the distance from source to destination. Here, both
the unit costs are logically executed from three different measures of membership: low,
medium and high. The proposed model is optimized through genetic algorithm based

on fuzzy logic. Finally, a numerical example has been illustrated to discuss the model

for both TP and STP.
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6.2 Notations and Assumptions

6.2.1 Notations

The proposed model is formed with some notations. These notations are the following
additional notations to be used. Other used notations in this model followed by the

common notations.

(i) 6ijk = fuzzy unit transportation cost of the solid transportation to be depended on

distance for transportation from i-th supply to j-th destination via k-th conveyance.

’

(i) Cijx = fuzzy unit transportation cost of the solid transportation to be depended on

quality for transportation from i-th supply to j-th destination via k-th conveyance.

(ili) d;jp = fuzzy transportation distance from i-th supply to j-th destination via k-th

conveyarce.

(iv) @;jr = fuzzy quality material to be transported from i-th supply to j-th destination

via k-th conveyance.

6.2.2 Assumptions

To develop the proposed solid transportation model, the following assumptions have

been made.

(i) In the traditional transportational problem, it is seen that unit transportation
cost is fixed for any quantity of item which is transported from a source to a
destination. But, in practical business system, it is not always true. In most of the
cases of transportation problems in which the unit transportation cost depends on
distance. When distance is increased then the unit transportation cost is decreased.
Again, it is seen that due to the various factors the unit transportation costs may
also vary i.c., rcalistically it may be uncertain. In this model, it has been considered

as fuzzy numbers. Therefore, the fuzzy unit transformation costs due to distance
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have been taken in the following form
Cj”wkczajk where, o > 0
When « = 0, then the unit transportation cost does not vary with the distance.

(ii) Here the quality of material means the percentage of breakability of that material.
The quality of the material becomes high then the percentage of breakability of
this material as well as risk will be high and at that time the unit transportation

cost becomes high.

(iii) The total unit transportation cost of the materials from i-th source to j-th destina-
tion by k-th convenance, is sum of the unit transportation cost due to the distance

and the unit transportation cost due to the quality.

6.3 Mathematical Formulation of the Solid Transportation Prob-

lem

If 2,5, units are transported from ¢ —th origin to j —th destination via k —th conveyance,

then the optimization problem for solid transportation problems is given by

M N K _

Minimize Z = Z Z Z(éuk + 57Jk(AZ;O;k) Tijk (61)
i=1 j=1 k=1
subject to the constraints
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Tijk >0 for all Z,j7/€
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6.3. MATHEMATICAL FORMULATION OF THE SOLID TRANSPORTATION
PROBLEM

The unit transportation costs C”k and d-jk are depending on the quality or type of
the goods and distance between source and destination respectively, whose values are
generated from the following fuzzy logic inference. The first constraint in equation (6.2)
represents the availability of the sources, where as the sccond & third constraints in
equation (6.2) represent the demand of the each destination & capacity of the each
conveyance respectively.

Now, the membership functions of the fuzzy numbers for unit costs a-jk(dcpcnds on

distance) are fai, (2)s Hepmegium (€) sHenign(®) and unit costs N{jk(depends on quality)

arc fta (), Bepregium (2) sHiign (2) defined by

0 if x<do 0 if x<d;
. r—dy
1 if dy <z<d; d 4 if di <a<dg
BTaw (@) =4 do— Bemadium (@) = %
Clow 2~ if di <z <ds Cmedium 33— i dy <o <ds
do — d1 ds —da
0 if x> da 0 if ©>dy
0 if x<ds 0 if = <qo
—d "
o ; = i dy<a<dy “ 1 if go<z<q
Hehign\® = 3~ a2 i (@) = @—-z .
e 1 if ds <z <dy o pr— if @ <o<q
0 if ©>dy 0 if > q2
0 if x<q 0 if 2 <go
T—q T —a
@2 —q1 fasese ITB i gy <a<as
Bt prediinm (T) = s —x . Boipign(®) = B~ ©
if 2<z<gs 1 if s3<z<q
43 — g2
0 if x>g3 0 if =2>q4

Using these membership functions, the following fuzzy rules are proposed for quality

related cost C’Z7 Je-

Ryq: if quality is high then transportation cost is high.
Ry5: if quality is mid then transportation cost is mid.

Ry3: if quality is low then transportation cost is low.
Similarly, the fuzzy rules for distance related cost a i are proposed as.

Royp: if distance is high then transportation cost is low.
Ryy: if distance is mid then transportation cost is mid.

Ro3: if distance is low then transportation cost is high.
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Figure 6.1: Membership function of Distance and correspouding unit transportation cost

Algorithm for proposed problem:
The fuzzy inference module for calculation of unit transportation cost(for distance and
quality both) is given below-
Step-1: Take transportation distance and quality of items as input and unit trans-
portation cost as output.
Step-2: Calculate the membership values to the fuzzy sets Low, Medium and High
for finding cost.
Step-3: Evaluate the rules and find the rule strengths of cach rule.
Step-4: Calculates the membership functions of the fuzzy transportation cost Low,
Medium, High which are represented by the rules with non-zero strength

Step-5: Apply fuzzy union operator to find the fuzzy output.

6.4 Numerical Tllustration

Example-6.1: Let us consider a solid transportation problem with fuzzy unit cost.
Also, let the no of source M = 2, no of destination N = 2 and the no of conveyance

K = 2. Also the imprecise input data for unit costs, qualities and distances are taken as
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6.4. NUMERICAL ILLUSTRATION

L 3
Low Medium High Low Medium High
I N
Quality (Input) Cost (Output)

Figure 6.2: Membership function of quality and corresponding unit transportated amount

triangular fuzzy number.

Table-6.1:Input of distance with its fuzzy logic value

Distance Distance related cost @jk

(czjk) (found on fuzzy logic)
Low (0,40, 80) (2.0,4.5,7.0)
Medium (40, 80, 120) (4.5,7.0,9.5)
High (80, 120, 160) (7.0,9.5,12.0)

Table-6.2:Input of quality with its fuzzy logic value
Quality Quality related cost éijk
(Gijk) (found on fuzzy logic)

Low (0,25,50) (5.0,7.5,10.0)
Medium (25,50, 75) (7.5,10.0,12.5)
High (50,75, 100) (10.0,12.5,15)

The availability of the sources, demand of the destinations and capacity of the con-

veyances are as follows: a; = 40, a; = 60, by = 50, by = 50, e; = 45,, es = 55. and

a=0.5

Let the problem is optimized for the input data of distance between the source and des-
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tination and the percentage of breakability i.e quality of the item are considered as in

the following Table-6.3

Table-6.3:Input of distance and quality

k=1 k=2
1=1 =2 1=1 =2
j=1 120, 85 106, 90 29, 39 10, 13
j=2 30, 48 78, 29 96, 73 45, 55

The corresponding logical value of unit transportation cost due to distances and percent-

age of breakability i.e quality of the item (in respective units) are shown in T'able — 6.4.

Table-6.4: Output of logical value for Ci, & Cj;

1=1 =2 1=1 =2
j=1 3.94, 13.05 | 5.00, 13.05 8.90, 8.62 | 10.00, 6.94
j=2 10.00, 9.71 | 7.18, 7.45 6.17, 12.79 | 9.65, 10.67

Using the fuzzy logic algorithm and then by using GA, the optimum value (in respective

units) of transportation arc shown the Table — 6.5.

Table-6.5: Output of transportation amount(z;;;)

k=1 k=2
1=1 1=2 1=1 1=2
j=1 9.10 15.00 18.40 7.50
j =2 7.90 13.00 4.60 24.50

The optimum solution presented in Table — 6.5 is non degenerate, since the number of
allocation cell is more than (M + N + K —2). And hence the corresponding transporta-
tion cost is 6719.82 unit.
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6.5. CONCLUSION

Example-6.2: The problem is similar as Example-1 only consider £ = 1, i.e. num-
ber of conveyance is one. Then corresponding optimum amounts of transportation (in

respective units) are shown in the Figure 6.3.

30.60 unit .
O1 D1
19.40 uni
9.40 unit
02 40.60 unit J []2

Figure 6.3: Output of transportation amount for example-6.2

Cost 2574 520

F
1320.712
1062.582

39933 483 8946

_. 12267 188.374 30247
— _— [ .
Path
‘01-D1 O1-D2 O2-Da1 0O2-D2

M Cost releted to Quality Cost releted to Distance
Figure 6.4: Output the cost related to quality of item and the distances for example-6.2
From Figure 6.3 and Figure 6.4, it is also seen that the unit costs ( both distance re-
lated and quality related) increases with the increasing nature of transportation amount.
6.5 Conclusion

In reality, unit transportation cost depends on various parameters, like type of the mate-

rials whether it is liquid or solid or breakable, etc, distance of transportation and many
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more things. Beside that, the unit rate also may be vary whether the distance is low
or high. In this model, an imprecise solid transportation problem is considered where
unit transportation cost has two parts: unit transportation cost for the type of item and
unit transportation cost related to distance. Both the unit cost are executed through
fuzzy inference logic. The proposed model is optimized through genetic algorithm based
on fuzzy logic for a transportation model in two dimension also. Finally, a numerical

example has been illustrated to discuss the model.
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