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Table 2 Two different runs

Gen, ~_Ront i Hunl B
numb | Minimum | Path Minimum Path
er distance distunce
1 3546300 CRIMCHEFEA | 3.[81000 | FFHUGICRAD
10 Lgu,lufu BCAI?EI«'HGl—.; 2.974=]w_}py_-_‘_.IEJ—HI..AI]E}'G N
[ F{] [ 2-751E00 RCADEGWFHL] | 2.974300 I JHIBCADEFG
; ) 2-65}1}5{][': iiCADEITGHIJ 2.974300 JHI EDEEE-_
| \ L —— _ =
‘ 40 [ 2 -GHIEID Jﬁﬁf.wlwcnm 2.974300 | JHIBCADEFG
" 50 ‘ 2. 690500 B |' BCADEFGIILS —— | JHIBCADEFE |
i 60 i 3.59031};) | BCAD-E;GIILJ 2751 KM | B{‘ADEGFHIN.J_-‘__'L
l 'J[va ;";{Tm;; ;JEADE—F:{;I-I!J— 2. ;;uﬂuu N E_'I.'Z‘ ;D;ZFCIEI.] N
@; 2.om0 | TCADEVGHU | 2.aoom0 | BOADERGILS |
'pu 2000 | BOADLFGHU | 2650800 | BCADERGHLS |
(100 a.oe0  BCADFGHU | .o | RCADERGHI |
110 J _,ﬂg}umm EIWAD]ISJI-'GH]J I 2« TR BCADEFGHL ) |
W [eiwn oo | sews | vesmmmn |
130 j;ﬁﬂilsﬂn ' BCADEFGHIJ | y 1 ggm.;gt__ BC_A_D!:’.H:,HiJHm J
i_'-i | 2egansag _!- HI’ADETGH]J_} p IR | : BCADEEGHL) i
s e s
160 | 2.600800 | BCADEFGHL | 2.690800 - BCADEFGHI)
Tm— _Iﬁ ;.:’;,,*_;l:;l_‘ﬂ] r—gi-uc;;u{:uu {I;.mgw _";"I:';’_-'AD'EI'GIR;_—_
; 180 _f_;—.;;u;;fl__!_l;ai";;;; _"_"”: -6‘)&5!-!?11 l BCADEFGHLY ]I
i i;ﬂ_ ‘ _l-ﬁ‘}ll!il;l | Bi:_‘MIEI;;;;.J_ 1 2_f.um-mn N l_B{'Aj}Em;lu— ‘l
.[ 200 % 2,5-}“3-[}1; i RCADETGHLY | 2. mmmﬂ Bi‘~‘kl}'FF';-][lJ “Il;
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Table 1: 10-city problem with distance measure

I T

A B i D 'K F In I 1 T

(A1 .0060 | A3s1 | 341 | 3600 | 501 | 5176 | J9N2 | 4564 | 429 | 2842
(R | 33| 0000 | 1107 | 6149 | B4OT | WOR3 | S815 6418 | 4378 | 3934
C | 3141 | 0107 | oou | 5349 | 7919 | 8207 | 8941 | 6N | 4982 | 450
D L3601 149 | 5349 | 000D ) 3397 | 6528 1 5171 G3TA ) 6710 | 6123
W[ &1 | 84 | 7919 | 3397 | 0000 | 4579 | 4320 | G686 | 7042 | 6RAT
F_| 5176 | S08) | 8207 | .652B | .a579 | 0000 | 2274 | 2937 | 4494 | 4654
G| oWz | 5818 | &edl | 5171 | 4529 | 2274 | o000 | 2277 | 2690 | 2674 |
| 4564 | G418 | G30R | ;7375 | G686 | 2957 | 2277 | 0000 | 20 | 2492
I | 3189 | 4378 | 4982 | 6710 | 7042 | 4494 | 2690 | 2100 | 0000 | 049w
(3| 3842 | w34 | AS01 | L6335 | GA57 | 4654 | 2674 | 2492 | 49y | O0ou |
35 R <Y tlih - B v ¥ _-'_7 '|
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3.4
3.3
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= FY
g 3
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i3
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(Generation Membor

igure 2: Best ohjective function averaged over 15
dilferent successful runs.
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Stringconvert_code(int  path_code)
/* Input: path_code is the corresponding integer value of the path

Ouiput: path is the aclual path string */

=13
i=0;
first_city = trund (path_code / (n-#)!); /* find the first city in the
colde sequence */
rem = remainder (path_code / (n-z)!); /* calculate the remainder of
the path cude */
2+
i++;
path[i] = fivst_city:
While (rem '= 1) && (z < n)
{
next_city = trune frem / {5-1)1);
rem = remainder (rem / (-x)1;
path[i]= pext city; /* asscmble nexl city in the actual path string */
7++;
i+t
!
return (path);
}

Figure 1: C-like function for path decoding
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with fitness 2.620800 at respectively generation number 30

and 70,

In this paper, we investigate a genefic algorithm-

GABCOP that wuses bit coding

for individual

represeniation  instead of the (traditional ordering
representation. The reason from using binary encoding
rither than permuotation encoding can be returned to the
following. Bipnary encoding is most commonly used due to
their generality to more than enc problem.

Bit represeniation used less storage space than ordering
representation. While in ordering representation cach city
has to take one character (i.e., one byte) for coding,

Number of bits required 1o represent one actual path
(one complete solution) can be calculated by nmc(log, (a!)).

Traditional yperturbation operators

like onc-point

crossover, two-point crossover, and bit inverting mutation
can easily be applied, However, many methods can be used
to improve the GA performance with bii representation.

Finally, the results in this paper are preliminary, and

moare detailed Zivestigation is needed.

T ot =
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In this paper we illustrate the function of GABCOP in
terms of their abhility to find solutions for the 10-city
problem, which has been used for comparison by several

authors [5][6].

The distaunces between the cities are given in symmetric
distance matrix shown in table 1.

The following seiting of the tested GA were used for
experimental test runs:

Goal Minimum path

Selection Tournament with size twao
Recombination  Two-point crossover with rate 0,6
Mutation Flip mutation with rate 0.2
Population sizec S0

Termination - .

PP 250 generations |
criterion |
Run 20 runs with different random

gencrator seeds i

5. Resulis and Conclusions

Iigure 2 summary the result for TSP. The horizontal
axis denotes the genmcration number. The vertical axis
denotes the average values of best objective function, The
results have averaged on the successful runs. Fifteen runs
out of twenty runs reach the optimum path (i.e. minimum
distance).

Let take as examples two different runs and illustrates
their results as depicied in table 2. the table gives
indication about generation number, fitness value of best
individuals obtained, and the actual path sequence
displayed after every ten generations. Both runs reach
optimal solutions demonstrated by path “BCADEFGHIJ”
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1.A GABCOP GA coding uses binary encoding instead of
permutation encoding,

L.GABCOP GA uses hit-level for GA perturbation
aperators (i.e., recombination, and mutation).

In GABCOP, the chromosome is represented as a
collection of bits. The nuomber of bits is determined
according to the following:

where n is the number of cities in the problem, Thus

cach chromosome represents onc path code from the
possible paths,

This method sgenerates illegal (or lethal) chromosomes,
and we can avoid this situation by using penalty valuc or
upply mod(n!) for each code.

Figure 1 shows the C-like function that illustrates the
conversion of path code to the aciual path. The input to the
function is the genetic individual with binary coding which
is first decoded into its cquivalent integer value that
represents the number of the path or in other words the
order of the path according to all possible paths in the
scarch spacec. It then iteratively extract from this integer
value code city sequences starting from left city in the path
sequence (highest digits of the path code) toward right city
in the path sequence (lowest digits of the path code).

Since the chromosomes are represented as binary bits;
the wusual sequencing crossover and mutation operators
can mo longer be used. So the classical crossover and
mutation for bit representation are used as perturbation
operators for GABCOP algorithm,

4. Experiments Setting

132

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

2005 2s it sual fpnd Eradet o8 I GIS s

The difficulty in the TSI' using a GA is encoding the
solutions. The encoding cannat simply be the list of cities
in the order they are traveled. As shown below, the
crossover operation will not work. The ¢rossover point is
the 3rd character. Every character im parent 1 before the
crossover point is copied into the same position in
offspring 1. Then, every character after the crossover
point in parent 2 is put into offspring 1. The opposite is
done for offspring 2.

Parentl ABCDE
Parent2 CEBAD
Offspringl ABCAD
Offspring2 CEBDE

As we can see, the city A is used twice and city E 15
missing in offspring 1. A morce complbicated form of
encoding (or a more complicated crossover) must be used.
‘This form of encoding should ensure that city adjacencies
in the list are preserved from the parents to the offenriig,
This method should also realize that the tours ABC DD K
and C B A E D are the sume, Pariially matched crossover
and cvcle grossover are examples of crossover which
permit  the exchange of important ordering similarities
hetween pairs of parents to form offspring [3],

3. The Proposcd Gencetic Algorithm

The propoesed GA (coined as Genetic Algorithm with Bii
coding for Combinatorial Owptimization Froblem
GABCOM is different from a GA that used permutation
encoding in a number of ways:

npumber of  bits = trunce(log, (7))
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Even for this problems for classical crossover and
muiation corrections wmuoust be made o leave the
chromosome consistent (i.c., have real sequence in it).

It has often been the case that progress an the TSP has
led to progress on many combinaterial optimization
problems and more general optimization problems, In this
way, the TSP is a plavground for the siudy of
combinatorial optimization problems. Though the present
work concentrates on the TSP.

In this paper genctic algorithm that uses bit
representation as a coding for solving combinatorial
optimization problems is suggested, Section 2 gives an
overview of traveling salesman problem. While section 3
presents the proposed genetic algorithm. Then section 4
presents  the experiments and results of testing the
proposed algorithm on traveling salesman problem.
Finally seciion 3 draws conclusions.

2. Traveling Salesman Problem

The most prominent member of the rich set of
combinatorial optimization problems is undoubtly the
iraveling salesman problem (TSP). TSP is defined as
follows: Given n cities, compute 2 minimal cost four na
which ithe salesman visiis each city once. Obviously, TSP is
a sequencing probiem as defined above. This problem is a
classical example of NP-camplexity: the work-arsa o bhe
ciplored prows exponentially according with the number
of cities, and so does complexity of every known algorithm
to solve this problem. It is noi only a good example of a
combinatorial optinzization problem, but also an approach
to real problems like Touring Airports, VLSI-design or X-
ray crystallography [4]. |

130

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

2005 L abodh 2y p bl Tkt a1 IS s

1. Introduction

Gencetic  algorithms  (GAs) are stochastic scarch
algorithms based on evolutionary and biological processes
that enable organisms to adapt more to their environment
over many gemerations, They are being successfully
applied to problem in business, cngincering and science
[1]. GAs work on a set of possible solutions, which is called
the population. The most basic operations used by GAs are
selection, crossover, and mutation, The selection operator
identifies the individuals of the current population which
will serve as parenis for the next generation. Crossover
randomly chooses pairs of individuals to combine
propertics of them by creating offspring. Mutation is
usually considered as a secondary operator, which mukes
small changes on single individuoals to restore diversity of
the population.

A very prominent and inleresting class of combinaiorial
optimization problems is the class of sequencing problems.
A sequencing problem is defined as fullows: given a finite
set 1 of items and a cost function ¢ which assigns costs to
permutations of I, compute minimum cost permutation of
I. Problems as, ¢.p., the traveling salcsman problem (TSP),
the problem of computing good variable orders of Binary
Decision Diagrams (BDD) which has to be solved for
circuit verification and logical synthesis, scheduling
problems, or serration in archeology are representatives of
this class [2].

The wsual methoad of applyving genetic algorithmy to
sequencing problems is to emcode every chromosome us a
string of numbers (characters), which represents number
in a sequence, This encoding is called permutation
encoding, which is only useful for sequencing problems [3].
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An Investigation Of Genetic
Algorithm With Binary Coding
For The Combinatorial
Optimization Problems

= e —— —

Dr.Bara’a Ali Atiea

-~
Abstract )
One of the most promising class of combinatorial
optimization problems is the sequencing problem that has
received great attention ol genetic algorithm researchers.
The wsval way of handiing sequencing problem in genetic
algorithms is through wusing permutaiion encoding of
chromosomes. Hence, a special kind of perturbation
operators has to be applied. In this paper, we investigate n
ncw  genetic  algorithm  however with bit  coding
representution of chromosomes for (he sequencing
problems- coined asx Genetic Algorithm with Bit coding
for Combinatorial Optimization Problems (GABCOP),
The computational performance of GABCOP is
illustrated as a test performed on a 10-city TSP. The
results indicale that the algorithm is effective for

aptimizing such combinatorial problems.
| _J
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