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Abstract. In this paper, we propose a visualization method to grasp
the search process and results in the binary-coded genetic algorithm.
The representation, the choices of operations, and the associated para-
meters can each make a major difference to the speed and the quality
of the final result. These parameters are decided interactively and very
difficult to disentangle their effects. Therefore, we focus on the chromo-
some structure, the fitness function, the objective function, the termi-
nation conditions, and the association among these parameters. We can
indicate the most important or optimum parameters in visually. The
proposed method is indicated all individuals of the current generation
using the pseudo-color. The pixels related a gene of the chromosome are
painted the red color when the gene of the chromosome represents ‘1’,
and the pixels related to one are painted the blue color when one repre-
sents ‘0’. Then the brightness of the chromosome changes by the fitness
value, and the hue of the chromosome changes by the objective value.
In order to show the effectiveness of the proposed method, we apply the
proposed method to the zero-one knapsack problems.

Keywords: binary-coded genetic algorithm, zero-one knapsack problem,
visualization, pseudo-color.

1 Introduction

It can be easy to quickly set up a genetic algorithm (GA), which is a search par-
adigm that applies ideas from evolutionary genetic operations (natural selection,
crossover, mutation) in order to search an optimum solution or a quasi-optimal
solution, but analyzing the results to discover whether or not the process is ef-
ficient or could be improved is often extremely difficult. The representation, the
choices of operations, and the associated parameters can each make a major
difference to the speed and the quality of the final result. These parameters are
decided interactively and very difficult to disentangle their effects [1], because
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the user sets a chromosome structure of an individual, a fitness function, an ob-
jective function, genetic operation parameters, and the termination conditions.

Generally, the objective function and the fitness function are the same func-
tion, but there is the case that the objective function and the fitness function are
the difference, because there is the case that the fitness function includes the user’s
knowledge gave as the penalty and has the multi-objective function. Furthermore,
keeping a full record of everything that occurs during a GA run produces large
quantities of data that can not be analyzed conveniently by hand. Ideally, the full
recording data displays on only one-frame for carrying out the discussion of set-
ting parameters and evaluating the fitness function and the penalty. We focus on
the chromosome structure, the fitness function, the objective function, associa-
tion among these parameters, and whether termination conditions have been sat-
isfied. Then we indicate these on only one-frame. However, it is very difficult that
the some parameters are indicated simultaneously. We proposed the visualization
method to grasp the search process, the search result, and setting parameter as-
sociations. Then, the process of the genetic search of the GA can be visualized.
We can indicate the most important or optimum parameters in visually. There-
fore, we indicate all individuals’ chromosomes of the current generation by using
the pseudo-color; The pixels related a gene of the chromosome are painted the red
color when the gene of the chromosome is ‘1’, and the pixels related to one are
painted the blue color when one is ‘0’, the brightness of the chromosome changes
by the fitness value, and the hue of the chromosome changes by the objective value.
In order to show the effectiveness of the proposed method, we apply the proposed
method to the zero-one knapsack problems (KP).

This paper is organized in the following manner. First, in the section 2, we intro-
duce the zero-one knapsack problem. In the section 3, we explain the visualization
method of GA based on the pseudo-color. In the section 4, we describe computer
simulations applying the KP for showing the effectiveness of the proposed method.
In the section 5, we discuss the proposed method and the computer simulation re-
sults. Finally, we indicate the conclusions and the feature works.

2 Knapsack Problem

The zero-one knapsack problems seek to place objects in a knapsack so as to
maximum the total value of the objects without overfilling the knapsack. We
are given n objects, each with a value vi and weight wi, and a knapsack with
capacity C, and we seek a selection of objects for knapsack with maximum total
value but with total weight no greater than C. That is, if n binary variables xi

indicate the inclusion (xi = 1) or exclusion (xi = 0) on each object. Formally,
the KP can be stated as follows:

maximize

n∑

i=1

xivi, (1)

subject to

n∑

i=1

xiwi ≤ C, vi ≥ 0, wi ≥ 0, i = 1, ..., n.
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(a) The sample result of a chromosome painted red color and blue color.

(b) All chromosomes of a current
generation.

(c) The sample result of all chromosomes
painted red color and blue color.

Fig. 1. The chromosome structure and the sample result of the individual chromosomes
of a current generation painted red color and blue color

3 Methods

3.1 Genetic Encoding

A simple genetic encoding scheme for the KP is as follows. Let each bit represent
the inclusion or exclusion of one of the n objects from the knapsack. Note that it
is possible to represent infeasible solutions by setting so many bits to ‘1’ that the
weight of the corresponding set of objects overflows the capacity of the knapsack.

3.2 Objective Function and Fitness Functions

The objective function is objective assessment (e.g., the recognition accuracy
in the pattern classification problem, the total value in the KP). The fitness
function is an evaluation function for searching the optimum solution or the
quasi-optimum solution. Generally, the objective function and the fitness func-
tion are the same function. However there is the case that the objective function
and the fitness function are the difference because there is the case that the fit-
ness function includes the user’s experimental knowledge and has some objective
functions.

The objective function of the KP is shown Eq. (1). The case that the objective
function (O) and the fitness function are the same function, the fitness function
(F ) is as follows:



A Visualization of Genetic Algorithm Using the Pseudo-color 447

maximize F = O =
n∑

i=1

xivi, (2)

subject to W =
n∑

i=1

xiwi ≤ C, vi ≥ 0, wi ≥ 0, i = 1, ..., n.

The case that the objective function and the fitness function are the difference,
the fitness function has a penalty function as follows:

maximize F = αO − βP, (3)

subject to W =
n∑

i=1

xiwi ≤ C, vi ≥ 0, wi ≥ 0, i = 1, ..., n,

where α means the weight of the objective function, β means the weight of the
penalty function (P ). It is difficult that the user determines how to give the
penalty and the weight value. Therefore the penalty is determined the user’s
knowledge and the weight value is determined experimentally. Then it is the
difficult to evaluate the penalty, the weight value, and whether to search the
optimum solution and/or the quasi-optimal solution.

3.3 Visualization of Genetic Algorithm

Keeping a full record of everything that occurs during a GA run produces large
quantities of data that can not be analyzed conveniently by hand. Ideally, the
full recording data displays on only one frame for carrying out the discussion of
setting parameters of the GA and evaluating the fitness function and the penalty.
We focus on the chromosome structure, the fitness function, the objective func-
tion, the association among these parameters, and whether to be satisfied the
termination conditions, and then we indicate these on one-image. However, it is
very difficult that the some parameters are indicated simultaneously. Therefore,
we indicate all individuals’ chromosomes of the current generation by using the
pseudo-color. Then any generations indicate on only one-frame.

The method for visualization in the GA is as follows:
a) The image of n ∗ m is used when the length of chromosome is n and the

number of the individual is m. A pixel of the image is related to a gene of the
chromosome. The pixels related a gene of the chromosome are painted the red
color when the gene of the chromosome is ‘1’, and the pixels related to one are
painted the blue color when one is ‘0’ shown in Fig.1.

b) Fig.2 shows the sample result of the visualization using the pseudo-color.
The brightness (range: 0 ≤ Redbrightness ≤ 40, 120 ≤ Bluebrightness ≤ 160)
of the chromosome changes by the fitness value. Moreover the hue (range: 0 ≤
Hue ≤ 128) of the chromosome changes by the objective value. In this paper,
the range of the objective value and fitness value is 0.0 to 1.0 for having related
the objective value and the fitness value to the brightness change and the hue
change. We make the visualization image changed hue and brightness shown in
Fig.2(b).

c) Any generations are indicated on one-frame shown in Fig.3.
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(a) The pseudo-color

(b) All chromosomes of a current generation changed brightness and hue based on the
objective value and fitness value

Fig. 2. The sample result of the visualization using the pseudo-color

4 Computer Simulations

In order to show the effectiveness of the proposed method, we solve the KP using
three fitness functions (Eqs.(4)-(6)). The range of the fitness functions is from
0.0 to 1.0.

O = F1 = (1.0 − T
1.0+
�N

i=1 xivi
)3 (4)

subject to W =
∑n

i=1 xiwi ≤ C, vi ≥ 0, wi ≥ 0, i = 1, ..., n

F2 = (1.0 − T
1.0+
�N

i=1 xivi
− NumGene‘1′

ChromoLen )3 (5)

subject to W =
∑n

i=1 xiwi ≤ C, vi ≥ 0, wi ≥ 0, i = 1, ..., n

F3 = (0.9 ∗ (1.0 − T
1.0+
�N

i=1 xivi
) − 0.1 ∗ (NumGene‘1′

ChromoLen ))3 (6)
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Fig. 3. The sample of the visualization frame indicated any generations

Table 1. The value and weight of the objects

object number value weight object number value weight object number value weight
(1) 1 24 (18) 9 6 (35) 15 24
(2) 14 21 (19) 18 0 (36) 13 28
(3) 4 29 (20) 4 13 (37) 15 1
(4) 13 19 (21) 14 26 (38) 16 19
(5) 10 2 (22) 3 11 (39) 5 23
(6) 6 1 (23) 7 5 (40) 3 27
(7) 13 9 (24) 12 26 (41) 17 25
(8) 16 17 (25) 5 29 (42) 19 2
(9) 19 11 (26) 15 22 (43) 0 16
(10) 19 13 (27) 19 4 (44) 13 3
(11) 19 26 (30) 11 27 (45) 2 13
(12) 3 10 (31) 14 27 (46) 6 23
(13) 0 1 (28) 14 4 (47) 12 25
(14) 9 11 (29) 10 23 (48) 0 19
(15) 4 5 (32) 4 3 (49) 9 2
(16) 8 18 (33) 6 5 (50) 12 6
(17) 0 0 (34) 10 25

subject to W =
∑n

i=1 xiwi ≤ C, vi ≥ 0, wi ≥ 0, i = 1, ..., n,

where O means the objective function, Fn means the fitness functions,
NumGene‘1′ indicates the number of the gene that is ‘1’ of an individual chro-
mosome, ChromoLen indicates the length of a chromosome.
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Table 2. The parameters of the GA

The number of generations 1,000
The number of individuals 50
The length of chromosome 50

The rate of elite 0.1
The two-point crossover rate 0.8

The mutation rate 0.1

(a) The sample result of the case that the objective function and the fitness function
are the same function

(b) The sample result of the case that the
fitness function included the penalty not

satisfied the user’s desire

(c) The sample result of the case that the
fitness function included the penalty

satisfied the user’s desire

Fig. 4. The sample of the simulation results
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The genetic operations of the GA are the two-point crossover, the mutation,
and the elite strategy. Table 1 shows the value and weight of the object of the
KP, and Table 2 shows the parameters of the GA. The sample results of the
computer simulation shown in Fig.4; (a) the case that the objective function
and the fitness function (Eq.(4)) are the same function, (b) the case that the
objective function and the fitness function are the difference and the fitness
function (Eq.(5)) does not be given the penalty appropriate for being satisfied
user’s desire, (c) the case that the fitness function (Eq.(6)) is given the penalty
appropriate for being satisfied user’s desire. The generation number indicated
the frame shown in Fig.4 is from 1 to 20, 30, 50, 100, 200, 300, 400, 500, 600,
800, and 1000.

5 Discussions

Based on the results shown in Fig.4, it is reasonable to support that it is un-
derstood intuitively that the chromosome structure, the fitness function, the
objective function, association among these parameters on each generations. On
the other hands, we think the validity of the fitness function is confirmed by
seeing the colors of all generations and each generation, because if the colors are
cloudy and light then the user knows the fitness function is not set appropriately
shown in Fig.4(b) and if the colors are clear and dark then the user thinks the
fitness function is set appropriately shown in Fig.4(c). Then we think the user is
able to confirm whether to be satisfied the termination conditions set by the user,
because if the termination conditions are satisfied then the color-gradation of all
chromosomes on any generation is similar or same from top (individual number
is 1) to bottom (individual number is 1000) shown in Fig.4(c). Moreover, if the
color-gradation from top to bottom is not similar shown in Fig.4(b) then the user
thinks that the termination conditions may be not able to be satisfied, because
the color-gradation of the upper part and the low part is not similar for giving
strongly the penalty of Eq.(5).

6 Conclusions and Future Works

We propose the method of the visualization in the search process and the search
result of a binary-coded genetic algorithm. We focus on the chromosome struc-
ture, the fitness function, the objective function, association among these para-
meters, and whether to be satisfied the termination conditions. The proposed
method makes the visualization image changed hue and brightness for showing
the relationship among the chromosome structure, the fitness function, and the
objective function. The chromosome of the individual having the most vivid color
and the strongest contrast red color and blue color shows the highest fitness value
and the optimum solution or the quasi-optimum solution. Furthermore, any gen-
erations are indicated on one-frame for showing the generation change that has
the fitness value change, the objective value change, the searching condition of



452 S.-i. Ito et al.

the optimum solution or the quasi-optimum solution, and whether to be satis-
fied the termination conditions. Finally, the performance of the proposed method
was evaluated applying to the zero-one knapsack problem. It is understood in-
tuitively that the proposed method shows the chromosome structure, the fitness
function, the objective function, the association among these parameters, and
whether to be satisfied the termination conditions.

We will involve efforts to improve the visualization techniques, except of us-
ing the pseudo-color, to further develop a real-coded genetic algorithm and an
interaction genetic algorithm, to be used many users for evaluating the proposed
method in the future works.
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