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Abstract—In this paper, an Artificial Bee Colony (ABC)
metaheuristic is adapted to optimize Goal Programming (GP)
Engineering Design Problems. The ABC is personalized to
support the GP by means of minimizing deviations from fixed
goals. This proposed metaheuristic is named Goal Programming
Artificial Bee Colony (GP-ABC). By computer simulations, it is
shown that the performance of the GP-ABC is better than the
previous metaheuristics using very few user-defined parameters.
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L INTRODUCTION

The Goal Programming (GP) model was first introduced by
[6]. This model is one of the most popular and known of
multiple-objective programming technique. The main idea of
the GP model is to establish for every objective a level of
aspiration (the goal) and then to find a solution which satisfies
all the given constraints, by minimizing the sum of the
deviations from targets.

Over the last few years some approaches based on
metaheuristics have been proposed for the general GP model.
These methods are more flexible, efficient and can be
modified and/or adapted to specific problems requirements.
Among research developed in this field we mention the work
of [2], [3], [8], [15] and [9]. In [2], the engineering design
problems are modeled as multi-objective optimization
problems and then solved using the multiple objective taboo
search algorithms. These types of problems are also solved as
multi-objective optimization problems by [8] using the non-
dominated sorting genetic algorithm (NSGA). Furthermore,
[9] solve these Multi-Objective Optimization (MOO)
problems by means of two local search algorithms the Record
to Record Travel and the Variable Neighborhood Search. But
in [3] and [15], they are solved as single-objective
optimization problems using the SA algorithm and the record
to record travel algorithm respectively.

As far as we know, in literature no one adapted the Artificial
Bees Colony (ABC) concept originally introduced by [19] to
the GP problems. This paper presents the first one that brings
together research and applications of ABC metaheuristic
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within GP problems. Thus, the mean idea of this paper is to
adapt the ABC metaheuristic to solve the GP problems. This
proposed metaheuristic is named Goal Programming Artificial
Bee Colony (GP-ABC).

The remainder of the paper is organized as follows. In section
2, we recall the description of the ABC metaheuristic. Section
3 details our GP-ABC implementation for the GP Engineering
Design Problems. Computational results are reported and
analyzed in section 4. Section 5 concludes the paper and
suggests future research directions for the application of ABC
to GP problems.

II.  THE ARTIFICIAL BEES COLONY

A The Artificial Bees Colony (ABC) metaheuristic is an
optimization algorithm proposed by [19] based on the
collective intelligence of foragers bees to find food in nature.
In the ABC the bees are subdivided into employed or
unemployed foragers; the main difference between them is the
maintain of knowledge about food source. The employed
foragers know the distance, direction and profitability of a
specific food source; they have three possibilities: 1) if the
nectar in the food source is lower, the employed foragers
abandons the food source and become unemployed bees 2)
they exploit the food source 3) they share them knowledge
with unemployed bees using waggle dance. After watching
this dance the unemployed bees can be either onlooker or
scout bees. The onlooker bees use the knowledge given by the
waggle dance and try to find a food source, whereas the scout
bees do not use any knowledge and attempt to found randomly
a new food source.

The artificial bee systems has become one of the most
successful optimization algorithms due to its successful
implementation in various applications for optimization
problems such as Job Shop scheduling [21], travelling
salesman [17], biological simulation [1], assignment problem
[18], Ride-matching [20], water resource [11] and Data
Mining [5].

In general, the usage of 10% of employed bees as the mean
number of scouts averaged has been shown to be a very
successful strategy [12]; also for the maximum number of
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unemployed forgers, it is preferred to be equal to the number
of employed foragers.

III. THE GOAL PROGRAMMING ARTIFICIAL BEE COLONY
(GP-ABC)

The main components of the GP-ABC metaheuristic are
summarized in Figure 1. This figure explains that this method
is composed of two phases: diversification and intensification.
The diversification phase is carried out by the unemployed
bees (scouts and onlookers); the scouts exploit the work space
randomly whereas the onlookers use knowledge given by the
waggle dance to exploit the work space. The intensification
phase is ensured by the employed bees which exploit the food
source and exchange knowledge with waiting bees until the
nectar in the food source attempts a low level.
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Figure 1. The main steps of GP-ABC metaheuristic

The developed GP-ABC algorithm is firstly adapted to solve
any type of variables, i.e. integer, discrete and continuous
variables, by using the neighbourhood moves developed by [2].
These moves are formulated as follows:

Integer variables: a move is a change of a variable from one
integer value to another with a random step

size: X, = X, +integer [(2 X random()—1)x step i, ] ;

Discrete variables: a move is a change of a variable from a
pre-specified discrete value to

another: x: = d( if x, =d,

l+integer|:(2*random 0-1)xstep d, ])

Continuous variables: a move is a random change of a
variable: x; = x, +(2xrandom()—1)x step c,
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Where:

X, : Value of the ith variable prior to the neighbourhood

move.

xl.* : Value of the ith variable after the neighbourhood
move.

random() Random  number

random() € (0,1)

generator,

step i.,step d.,step c,

discrete and continuous variables.

The step size for integer,

d ; - The Ith element of the discrete variable subset X .

inl‘eger[ ] : Function to convert a real value to integer

value.

There are two parameters for which good values are difficult
to determine a priori in the GP-ABC metaheuristic: the
number of employed bees (V) and the number of maximum
iterations (Max-itera) which define the steps size for the
weight vectors (see figure 2). Typically, the size of the mean
number of scouts Sc, is suggest to be 10 % of employed bees
(see [13]) and the maximum number of onlooker (Onlo) is
preferred to be equal to the number of employed foragers.
1. |Initialize parameters
a. N=number of employed bee
b. Sc=number of scouts=0.1 * N

c. Max-itera= maximum number of iterations
d. Step=1/Max itera (Step is used for changing the weight vectors)

2. Generate aninitial employed population randomly

3. Evaluate the fitness value for the population

4. Cycde=1

5. Repeat

6. i=1

7. Repeat

8. Produce a new solution x; for the employed bee by and evaluate it

9. if the fitness is higher than that of the previous one, the bee memorizes the new
position and forgets the old one

10. Calculate the probability values P; for the solution x; by (6) and determine the
number of onlooker beeswhich will be sent to food sources (Onloi=P* N)

11. Produce the new solutions for the onlookers from the solutions x;and evaluate them

12. Select the best fitness value of onlooker bees and replace this onlooker solution
with the employed bee solution only if the fitness value of this onlooker bee is better
than the fitness value of employed bee

13. i=i+l

14. Until (>N)

[,

5. scouts bees:

a. Generate randomly Sc solutions

b.  Archive the non dominate solutions and remove the dominated ones

c. The Scworst employed bees are respectively replaced with the scout solutions
16. Cycle=Cycle+1
17. Until (Cycle>Max-itera)

Figure 2. Detailed pseudo-code of the proposed GP-ABC algorithm

In order to perform empirical tests on parameters settings, a
nonlinear test function is used. We first tested different value
of N and Max-itera while setting Sc=10% and Onlo<=N on
thirty runs of 1 second each. The numbers of employed bees
were varied in size, with N from fifty to one hundred and Max-
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itera from teen to sixty, both with a step length of ten. It is
clear from the tests that the size of the number of employed
bees should not be too small in our basic GP-ABC
implementation. Good results were often found when using N
equal either to eighty or to ninety, and with Max-itera close to
forty. Similar results were found on the other test example2,
based on which a choice was made to continue with N=80 and
Max-itera=40.

IV. COMPUTATIONAL EXPERIMENTS

The proposed algorithm GP-ABC was applied in two
engineering design problems in order to demonstrate the
effectiveness of our method. Computational experiments show
that our GP-ABC approach obtained very good results
compared to the other algorithms. For the two engineering
design tests, it obtains better result than the other algorithm
presented in the literature.

A. Test problem Pl

This example is a design optimization problem for a
machine tool spindle. The problem was originally modelled by
[10]. This problem is remodeled in [2] as a multiple objective
optimization problem and solved it in [8] using a genetic
algorithm known as MOSES. They also compared their results
with four other multiple objective optimization techniques with
respect to the best results obtained for each objective function.
This model is also presented as a preemptive goal program and
solved by the SA algorithm by [3]. The model is shown as
follows:

lexmin{z] = (§+ )}

Subject to:

G[a(dj ~d!)+1(d; —dj)])—aj = 450000,

Fa’ 11 F a\ cd .
I+——+—|| I+— | +— | |- 6, =0.01],
3EI, al, c, / c,l

a

[-1,20,1 ~1<0,d, -d <0,d ~d, <0,d, —d, <0,

d,~d, <0,d, ~d <0, pd ~d, <0, pd, —d <0,

a

/

‘Aa +(A, -A,)—|-A<0,

4 4
1,=0.049(d’ - d} ),
1,=0049(d’ —d’),c, =35400(5 | d" ¢, = 354005, |" d",
d,,l =0, is continuous and d_,d, are discrete.

In the earlier model, d, and d, are discrete variables; d
should be selected from the following set {80, 85, 90, 95}, and

978-1 673-5549-0/1 /$3J.00 ©2013 IEEE

uthorized licensed use limite

CoDIT'13

db from the set {75, 80, 85, 90}. For the spindle design
problem, the GP-ABC algorithm converged to the following
solution in 1s of computational time (fig. 5): d, =60 ,

db =80 db =75 [=191.827
fl =481 016.849 . The following parameters are used:
step ¢ =(0.15,3), step dw =(0.15,0.75).

with

Comparison of this result with those found by other
techniques reported in [2] and [8] shows that the solution
obtained from the GP-ABC algorithm is the best. These
comparisons are also shown in table 1.

TABLE L COMPARISON OF THE BEST RESULTS FOR TEST PROBLEM P1
Techniques f ( X ) PC
Monte Carlo-1 606 765.47 -
GA (binary) 494 015.44 | -
GA (floating point) 1124 409.37 -
SA 499 182.12 11s
GP-ABC 481016.84 | 2s

Table 1 show that the obtained solution from the proposed
method has a better value f (x) than the other obtained

solutions from the literature. Moreover, it dominates the
solutions found by [3] using the SA algorithm and by the GA
(binary) algorithm. This solution is found in less computational
time (less than 2s).

B.  Test problem P2

This is an engineering design problem where a beam needs
to be welded on another beam and must carry a certain load. In
this problem, four design parameters should be found
(thickness of the beam b, width of the beam ¢, length of weld /
and weld thickness /) for which the cost of the beam is
minimum.

This welded beam design problem is taken from [8] where
it is solved using NSGA. The model is presented as follow:
lex min{zl = (5+ )}

1

Subject to
1.104714°1 +0.04811t6 (14.0+1) -8 =5

2.1952
£b

~ 8 =0.001

13600-7(x) =0 30000-0(x)=0
b—h=0 P (x)=600020
0.125< h,b <5.0

0.125<1,:<10.0
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7(x)= \/(1"2 +2'"2)+12"2'"/\/0.25(12 +(h+t)2)

" 6000(14+0.51)\/0.25<12 +(h+1))

6000

T hon £ 2{0.70741(1* 124025 (h+1)")}
O'(x)=5042ﬂ
£'b

>

P (x)=64746.022(1-0.0282346¢ ) tb’

The GP-ABC algorithm found this solution: # =0.521,
b=0.797 , t=5.16109 , [=5.13 ., with
/f, =0.000909 . This solution is found in less computational
time (4 s).

Table 2 shows that this solution is better than the solution
of [8]. The obtained value flis nearly equal to the fixed goal
and it is 99.78 % better than [8] solution.

TABLE IL COMPARISON OF THE BEST RESULTS FOR TEST PROBLEM P2
Techniques f ( x) PC
NSGA 0.7 -
GP-ABC 0.000909 4s

V. CONCLUSION

In this paper, we have proposed an ABC metaheuristic,
namely GP-ABC, to optimize Goal Programming Engineering
Design Problems. As far as we knew, this is the first time that
ABC is applied to this kind of problems.

The efficiency of the proposed approach is demonstrated by
solving two engineering design optimization problems. The
results are encouraging to apply the GP-ABC approach to find
Pareto non dominated solutions set for multi-criteria
engineering design problems.
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