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ABSTRACT

This paper proposes a new evolutionary algorithm for continuous non-linear optimization problems.
This optimization algorithm is inspired by the procedure of trading the shares on stock market and it is
called exchange market algorithm (EMA). Evaluation of how the stocks are traded on the stock market
by elites has formed this evolutionary as an optimization algorithm. In the proposed method there are
two different modes in EMA. In the first mode, there is no oscillation in the market whereas in the second
mode, the market has oscillation. It is noticeable that at the end of each mode, the individuals’ finesses are
evaluated. For the first mode, the algorithm’s duty is to recruit people toward successful individuals, while
in the second case the algorithm seeks optimal points. In this algorithm, the generation and organization
of random numbers are performed in the best way due to the existence of two absorbent operators and
two searching operators leading to high capability in global optimum point extraction. To evaluate the
performance of the proposed algorithm, this algorithm has been implemented on 12 different benchmark
functions with 10, 20, 30 and 50 dimension variables. The results obtained by 30 dimension variables are
compared with the results obtained by the eight new and efficient algorithms. The results indicate the
ability of the proposed algorithm in finding the global optimum point of the functions for each run of the

program.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Optimization is a process of finding the best solution for a
problem. In optimization of the problems, the global optimum is
the maximum/minimum of a function [1]. In solving optimization
problems, the mathematical methods are capable to optimize var-
ious problems in comparison with the meta-heuristic algorithms
with greater accuracy in less time [2]. The meta-heuristic algo-
rithms, unlike mathematical methods, can obtain the output of a
function by selecting random numbers in input regardless of the
complexity of the problems and constraints. This advantage has
increased the usage of heuristic algorithms in optimization of sev-
eral complex and applied functions in the real world which cannot
be solved by mathematical methods [3-5]. Nowadays, due to the
complexity of the engineering problems, the existence of different
constraints in these problems and various objective functions in
a problem, it is required to use the meta-heuristic algorithms for
optimizing these practical problems [6,7]. In this respect, exten-
sive researches have been conducted to improve the algorithms for
optimization of engineering and practical problems [8,9].
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For all heuristic algorithms, there is a searching operator and
an absorbing operator to find out optimal values. The operators
inspired by natural or law-based processes are used to produce
and organize some random numbers. For instance, the genetic
algorithm (GA) uses operators inspired by the natural genetic
variation and natural selection [10-12]. The particle swarm opti-
mization (PSO) algorithm uses the operators inspired by social
behavior of bird flocking or fish schooling [13-15]. The ant colony
optimization (ACO) is another evolutionary optimization algo-
rithm. This stochastic optimization algorithm is inspired by the
pheromone trail laying behavior of real ant colonies [16-18]. The
imperialistic competitive algorithm (ICA) is one of the optimiza-
tion algorithms which unlike the above-mentioned algorithms,
is inspired by human behaviors in this context [19-21]. All of
these algorithms have different searching and absorbent opera-
tors resulting in advantages or limitations in comparison with
each other. Investigating the results of the functions optimiza-
tion through the above mentioned approaches, it seems that the
trapping in local optimum points and consequently the early con-
vergence (i.e., exploration problem) or insufficient ability in finding
adjacent points of the optimum point (i.e., exploitation problem)
and convergence to non-similar solutions are some of the problems
of these meta-heuristic algorithms.

This paper proposes a new type of evolutionary algorithms with
two efficient and powerful searching operators and two absorbent


dx.doi.org/10.1016/j.asoc.2014.02.006
http://www.sciencedirect.com/science/journal/15684946
www.elsevier.com/locate/asoc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.asoc.2014.02.006&domain=pdf
mailto:naser.ghorbani@yahoo.com
mailto:e-babaei@tabrizu.ac.ir
mailto:babaeiebrahim@yahoo.com
dx.doi.org/10.1016/j.asoc.2014.02.006

178 N. Ghorbani, E. Babaei / Applied Soft Computing 19 (2014) 177-187

operators. As a result, the random numbers’ generation and organi-
zation are performed in a best form in this algorithm leads to highly
improvement of the other algorithms’ limitations. This algorithm is
suitable for continuous nonlinear optimization problems. The pro-
posed algorithm is inspired by shares traded on the stock market
and it is called the EMA. In the stock market, the price of a stock is
increased by increasing the demand and decreases with declining
the demand. Shareholders in the market try to buy and sell stocks in
all sorts in order to achieve the most possible benefit. Due to polit-
ical and economic measures taken by organizations and countries,
there are always price oscillations. Buying and selling shares in an
oscillated market have higher risk in comparison with no oscillated
market which may be highly profitable or harmful [22].

In a stock market, the shares trading manner is completely
sophisticated, different and unique according to mental conditions
of several individuals [23]. In the proposed algorithm, it is assumed
that the people who are active in the exchange market act simi-
lar to the elite stock dealers such as Warren Buffett [24]. In this
algorithm, in each market mode the fitness of each individual is
reviewed, ranked and sorted according to their properties values.
In the EMA, all of the shareholders try to introduce themselves as
the most successful individuals to market and then the individ-
uals have less fitness tend to do greater risks. Similar to real stock
market, in this algorithm, each individual carries unique trade and
risks. Shareholders in the EMA are arranged according to their rank
after each fitness test. After sorting the population, the individuals
at the beginning, middle and end of shareholders are known as
first, second and third groups. The individuals in the first group as
successful people in the market remain unchanged in all stages of
the market. The second and third groups trade with separate equa-
tions. In a non-oscillated market, the individuals in second and third
groups select stocks which are same or close to the shares of the
first group. In other words, the algorithm has the duty to recruit
members toward the elite members. For an oscillated market, the
individuals in second and third groups trade with separate rela-
tionship at high risk, in other words, the algorithm searches for
unknown points. In the proposed algorithm, the search area or the
value of shares traded are easily adjustable, thus this algorithm has
the ability to optimize any function in the best possible way.

The proposed algorithm is successfully implemented on 12 dif-
ferent standard benchmark functions with dimension of 10, 20,
30 and 50 variables. The results with dimension of 30 variables
are compared with real coded genetic algorithm (RCGA) [25], PSO
[25], differential evolution (DE) [26], artificial bee colony (ABC)
[27], biogeography-based optimization (BBO) [28], harmony search
algorithm (HSA) [29], gravitational search algorithm (GSA)[25] and
cuckoo search algorithm (CSA) [30]. The obtained results indicate
the high ability of the proposed algorithm in finding the global
optimum points in comparison with the other algorithms.

2. Exchange market formation

When some European traders faced with loss in their trades
and tried to find a way to prevent or minimize their detriment, the
stock formation thought was formed. Therefore, they shared some
traders in their trades to divide the probable profit and loss. This
successful experience convinced the traders to continue their eco-
nomic activities through this approach. Over time, this experience
was lawful and reformed to establishment of corporations [31].

The first experience of foundation of a corporation flashes back
to 1553 AD in Russia, in which some traders provided the required
stock and shared in corporation’s profit and loss in proportion with
their shares in order to decrease the probable loss of the trade.
Therefore, by developing the trade in Europe it was necessary to
have agencies to establish the relationship between the investors.

These types of agencies were established and were called stock
markets. The world’s first stock market was founded in Amster-
dam, Netherlands in the 17th century [31]. Nowadays, the stock
markets are considered as one of the economic bases of any coun-
try or financial organization, in which people trade several types
of shares and try to achieve the maximum possible benefit. In the
stock market, there exist the specific numbers of several types of
organizations and agencies shares and the shareholders buy and
sell shares according to their own experiences and financial poli-
cies. In these markets, people usually buy different types of shares
in order to gain benefit and decrease the loss risk [32].

In a stock market, sometimes the market faces with non-
oscillations and sometimes it faces with oscillations due to the
financial and economic policies of organizations and countries.
Under balanced conditions, the market is easier to anticipate and
people can increase their shares’ profit to some extent without
doing any unusual risks. Under oscillated conditions, selecting
shares to buy and sell holds some risks and it is difficult to anticipate
the market status and the activities of shareholders can be profit-
able or detrimental [22]. However, the stock market has always its
own complexity and the behavior of the shareholders in encoun-
tering with different conditions is very complex and unique [23].

2.1. Stock market in the proposed algorithm

The proposed algorithm is inspired by the stock market, in which
the shareholders buy and sell several types of shares in the virtual
stock market under different market conditions. It is assumed that
the shareholders compete to introduce themselves as the most suc-
cessful dealers in the ranking list. In addition, it is assumed that the
lower ranked people tend to deal with logical risks to gain more
benefit and it is supposed that the intelligent shareholders per-
form similar to be the successful individuals of stock market such
as Warren Buffett, the most successful shareholder of the recent 50
years. The main characteristics of a successful shareholder are as
follows [33]:

a) Capital preservation is always their top priority.
b) They buy shares as more as they can.

c) They avoid investing in sectors not match their criteria.

d) They accept their mistakes and correct them immediately.

e) They make their mistakes as a learning experience.

(f) They follow the experiences and the performance of the suc-
cessful shareholders.

(
(
(
(
(

In the proposed algorithm, each person of the exchange market
is an answer of the problem. Here, there exist a specific number of
shares (the variable of the optimization problem), where any per-
son attempts to intelligently buy some of the shares (initializing
the problem variables). At the end of each period, they are intelli-
gently proceed to gain the maximum possible profit in the market
by calculating the value of their total shares.

The exchange market encounters different market conditions
due to the political and financial decisions of organizations and
countries. In the proposed algorithm, it is assumed that in the
exchange market there are two general market states. In the first
state, the market is in its normal condition with no considerable
oscillation and the shareholders try to utilize the experiences of the
successful shareholders to gain more benefit without performing
non-market risks. In the second state, the exchange market encoun-
ters different oscillations and the shareholders try to intelligently
risk by identifying the market conditions, in order to better use the
created conditions in increasing their finance. It is obvious that any
additional information about market conditions or the investigated
problem can make these risks more targeted and beneficial.
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3. Exchange market algorithm
3.1. The exchange market under balanced conditions

In this section, the market is assumed in normal state without
any considerable oscillation and the shareholders try to gain the
maximum possible benefits without performing non-market risks
by using the experiences of the successful shareholders. Therefore,
they compete with each other. Here, any person is ranked in three
groups by numbering the shares from any type according to the
fitness function. The groups are called the primary, mean, and the
final persons of shareholders population.

3.1.1. The first group: shareholders with high rank

This group forms the highest ranked people of the list, who do
not change their shares with any risk and trade to keep their rank in
population. These people are 10-30% of total population. The mem-
bers of this group are the elite members of the exchange market and
the best answers are required without facing any variation.

3.1.2. The second group: shareholders with mean rank

This group forms the middle ranked people and utilize the dif-
ferences of the different first group people’s shares amounts. The
people of this group are in charge of searching around the optimum
point in the optimization problems. This group of shareholders
forms 20-50% of exchange market dealers. To compare the indi-
viduals’ shares in the first group, it is required that the comparison
is done at least between two individuals. For instance, if one per-
son in the first group shares x with value of a unit and an another
person in the same group has the same share with the value b, the
jthindividual in the second group uses the difference of two share-
holder in the first group and selects share x with a value between a
and b. Selection of these two persons from first group is randomly
done. Accordingly, to evaluate the differences among all shares of
these two shareholders in the first and second groups’ individuals,
change their shares’ value of any types based on (1) to reach more
benefits:

group(1)

group(2) group(1) + (1 _ r) X pop
j 2,i

pop; =T X popy;
i=1,2,3,...n;jandj=1,2,3,...,n (1)

where n; is the nth person of the first group, n; is the nth person
of the second group and r is a random number in interval [0, 1].

popfr?”pm and popgf”p(]) are the ith person of the first group and

popjigm”p(z) is the jth person of the second group.

3.1.3. The third group: shareholders with weak rank

The individuals in this group have less fitness in comparison
with the second group. Then to obtain more benefits they select
shares similar to the first group and with higher risk in comparison
with the second group. Unlike second group individuals, they utilize
the differences of share values of the first group as well as their
share values’ differences compared to the first group individuals
and change their shares. To compare the first group’s shares, it is
required that the comparison is done between two shareholders. To
increase this group’s individuals risk in comparison with the second
group, two random factors are used in place of factor 1 which its
average value is nearly equal to one. Consequently, this group’s
individuals change their shares’ value of any types based on (2) to
reach more benefits:

Sp=2xT1q % (pop;'?”qo“p(l) —pop‘,%ro”p(3)) +2x1

x(pop?3P!) — popfP>) 2)

popﬁroup(B),new _ popiroup(?’) +0.8 xS (3)

where r; and r, are random numbers in interval [0, 1] and ny, is the
nth member of the third group. popﬁ“’“pm is the kth member and
Sk is the share variations of the kth member of the third group.

The members of this group actually search the optimum points
around the desired optimum point in wider range than that of the
second group members. This group contains 20-50% of the total
market population.

3.2. The exchange market in oscillation state

Sometimes, the stock market falls in oscillation state due to
political and economical behaviors of financial organizations or
countries. In this condition, after reassessment of shareholders and
ranking the members in groups, the shareholders make their best
to accomplish some severe but very intelligent risks in order to gain
the maximum possible profit and to achieve high market rankings
from fitness function viewpoint. Here, each member takes a differ-
ent financial policy depends on the gained profit and accomplishes
several risks to surpass the market best member. The members can
be classified into three groups according to their performance.

3.2.1. The first group: shareholders with high ranks

This part of the population forms the elite members of the
exchange market or the best answers of the optimization problem.
This group forms 10-30% of the total market population.

3.2.2. The second group: shareholders with mean ranks

These members try to find the best cost by changing their shares
amounts. The risk percentage of these shareholders is different and
increases as their ranks decreases. In this group, the total share
values of the members are constant and just a part of the shares
value increase and the other part faces with decreasing in a way that
the total share value of any member does not finally vary. Initially,
the number of some shares of each member increases as follows:

Ang =ng —8+2x1x wxm) (4)
t;
= P®. (5)
Mpop
n
nﬂ=Zsty, y=1,2,3,....n (6)
y=1
m =ngn xg (7)
k _ &1.max ~ &1,min
&1 = 81,max iteTmax x k (8)

where Any is the amount of shares should be added randomly to
some shares, ny is total shares of tth member before applying the
share changes. Sy is the shares of the tth member, § is the informa-
tion of exchange market. r is a random number in interval [0, 1]. n4
is risk level related to each member of the second group, t,ep is the
number of the tth member in exchange market. npop is the number
of the last member in exchange market, i is a constant coefficient
for each member and g is the common market risk amount which
decreases as iteration number increases. itermax is the last itera-
tion number and k is the number of program iteration. g1 max and
81,min indicate the maximum and minimum values of risk in market,
respectively.

The operation is in a way that a percentage of Any value is
added randomly to one of the shares using rand command and this
continues until Ang is completely added to one or more shares.
It is obvious that this action is performed just on shares whose
value can be increased considering the constraints and limitations
of exchange market. As mentioned, § is the market information and



180 N. Ghorbani, E. Babaei / Applied Soft Computing 19 (2014) 177-187

its existence is very important in optimization problems and results
in intelligence and fast convergence of the function to its desired
value. Two different conditions exist to select § based on market
information.

3.2.2.1. Some information about market situation is in hand. This
case is obtained in problems that the penalty factor is utilized. The §
value equals to the expected value or the problem data. In this con-
dition, there is no need to use penalty factor and the search process
falls just in the logical domain (applicable in solving problems such
as economic load dispatch where the load amount is specified). The
presence of § =n; causes each member’s total share value equal to
the problem’s constant value (total values of the problem variations
is constant).

3.2.2.2. Noinformation about market situationisin hand. Inthiscon-
dition, § equals to total shares value of each member in no market
oscillation condition. In other words, § equals to Ang, (this condi-
tion is utilized in standard functions optimization).

u is the risk increase coefficient and makes lower ranked share-
holders from fitness function viewpoint perform more risks in
compare with the more successful members to increase their
finance. g; is the variable risk coefficient and determines sharehol-
ders should change what percentage of their shares. The amount of
this parameter varies in different problems and its variation range
generally falls in [0, 1]. In the primary iterations, g has its maxi-
mum value and decreases as the iteration number increases. This
coefficient can be designed in a way that it does not depend on the
iteration and decreases with a constant or exponential slop.

In the second part of this section, it is necessary that each mem-
ber’s total share amount is similar to the previous state. Therefore,
each member should sell the same amount of his shares he has
previously bought to equalize each member’s share amount with
that of the primary state. It is required that each member finally
decrease Any, of his share amount. Here Any, is as follows:

Ang =np -8 9

where Any, is the amount of shares should be decreased randomly
from some shares and ny, is the total share amount of tth member
after applying the share variations.

As it is obvious, if the market faces with oscillation and there
is no information about the market situation, some members sell
randomly some parts of their shares and some buy randomly new
shares equal to the sold amount without any change in total market
share amount. In other words, the selection of a stock need to be
sold is performed in random. Selection of the number of shares that
should be reduced is also done randomly. In this case, each mem-
ber buys some shares from any type randomly and sells the equal
amount of the bought amount from any share type in continuous.
This enables shareholders to change some of their shares without
changing their total share value.

3.2.3. The third group: shareholders with low ranks

These members try to find better cost by changing their total
share amounts. The risk percentage of these members is different
and increases as their ranking decrease. In this group, the total share
number of members varies and is comprised of a single part, unlike
the previous section. Here, the shareholders try to find out a new
and unknown combination of shares and they vary the number of
some of their shares as follows:

Angz = (4 x Ts X (L x 12) (10)
rs = (0.5 — rand) (11)

N2 =Nt X &2 (12)

where Ans is the share amount should be randomly added to the
shares of each member, rs is a random number in [-0.5,0.5] and
17 is the risk coefficient related to each member of the third group.
g5 is the variable risk of the market in the third group and u is the
risk increase coefficient which forces lower ranked shareholders
from fitness function viewpoint to perform more risk in compare
with successful competitors to increase their finance. g, is the vari-
able risk coefficient of the market and determines what percentage
of shares should be changed by shareholders. The value of g5 is
within [0, 1]. In the primary iterations, g, has its maximum value
and decreases as iteration number increases.

In this section, the members trade a part of their shares ran-
domly. As it is obvious, the trade of members in this section does
not depend on the cost or profit of each member and depends just
on the number of shares. Therefore, the members trade their shares
until the last iteration and the algorithm finds out the better opti-
mum points even with small variations. The ideal state will be found
out by selecting proper market initial values and proper algorithm
iteration number.

4. Exchange market algorithm implementation pattern

4.1. Step 1: selecting initial values and attributing stock to initial
shareholders

In this step, the shares number, shares values, initial sharehol-
ders number and the required iteration number are determined
according to the optimization problem type and the shareholders
take a number of any type of shares randomly.

4.2. Step 2: calculating the shareholders costs and ranking

In this step, the members are evaluated and sit in three separate
groups according to the validity of their total sharesin order to spec-
ify the different shareholder groups. It is noticeable that the group
means the high, middle and low ranked members of the sharehol-
ders and is not separated from the total population. It is named as
group just to apply some specific variations on high, middle and
low ranked members of population.

4.3. Step 3: applying changes on the shares of the second group in
balance market condition

In this step, the members of the first group or the high ranked
and elite members remain with no variation where the mean mem-
bers of shareholders or members of second group change some of
the shares according to (1).

4.4. Step 4: applying changes on shares of third group members
in balance market condition

The members of this group are the low ranked members from
fitness function viewpoint and change their shares values from any
type according to (3).

4.5. Step 5: calculating the shareholders cost and ranking

Until this step, it was aimed to search around the optimum point
and the market was in non-oscillated condition. In this step, the
main population of shareholders is evaluated from fitness function
viewpoint and is arranged based on the member’s value. Then, the
members sit in separate groups according to the variations accom-
plished in mean and low ranked members’ shares.
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Selecting initial values and
attributing stock to initial
shareholders
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y

Is there
termination
criteria?

Fig. 1. General principle of EMA.

4.6. Step 6: the trade in shares of second group members using
(4) under market oscillation condition

In this step, the members of first group or the elite members
remain without variations. The mean members or the members of
the second group trade their shares according to (4) and change
some of their shares.

4.7. Step 7: the trade in shares of third group members using (10)
under market oscillation condition

In this step, unlike the previous step, shareholders trade some
shares according to (10) with no attention to their total share
amount.

4.8. Step 8: go to step 2 if the program’s end conditions are not
satisfied

In this step, the market oscillation condition is finished and
the program starts to operate in order to evaluate the sharehol-

Fig. 2. The two-dimensional version of f;.

ders from step 2 if end up conditions are not satisfied. If end up
conditions are satisfied, the program operation is ended up.

The exchange market proposed algorithm flowchart is illus-
trated in Fig. 1.

5. Numerical results

The proposed algorithm is implemented on 12 standard bench-
mark functions with 10, 20, 30 and 50 dimensions in order to
evaluate the exchange market algorithm’s performance in facing
with several types of problems. The required data of benchmark
functions [25] is presented in Table 1. For each function, 50 inde-
pendent experiments were conducted to compare the quality of
solution and convergence properties. In all experiments, the initial
population number is 50. In addition, the number of individuals
in the first, second and third groups in balanced market condi-
tions are 25, 25 and 50% of the initial population and the pattern
for the oscillated market conditions are equal to 20, 60 and 20%
of initial population, respectively. The individuals’ percentage in
three groups has approximately constant values with the men-
tioned optimum values. The main adjustable parameters of the
proposed algorithm are risk factors of the second and third groups
in oscillated market which its optimum value for each test function
are given in Table 2. The adjustable parameters for RCGA, PSO and
GSA used are available in [25].

In the benchmark functions used to investigate the capabilities
of the proposed algorithm, it is tried to assess different states of the
functions characteristics. As it is obvious, f1, f>, f3 and f; functions
have multimodal and non-separable characteristics, where f7, fg, fg
and f;g are unimodal and non-separable. f5, f11 and f1, are unimodal
and separable and fg is multimodal and separable. In all functions,
the optimum function value is zero. In order to investigate the
experimented benchmark functions properties, the Ackley function
with two variables within [ -5, 5] region is shown in Fig. 2. This func-
tion is proposed by Ackley (1987) and is generalized by Back (1993).
The exponential function of this relation covers the surface of the
function with considerably large number of local minimum points.
The algorithm, search region of which operates in descending slop
sticks in these local points and just the strategies capable of ana-
lyzing a wide range can pass through the local optimum points.
In order to obtain proper responses for this function, the search
strategy should have efficient exploratory and exploitative com-
ponents. As mentioned before, this function has multimodal and
non-separable characteristics. The multimodal functions are often a
difficult test for optimization due to the existence of large amounts
of local optimum points. In the accomplished experimentations,
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Table 1
Benchmark functions used in experiments.
No. Name function C Range Formulation
n n
1 Ackley MN [-32,32] fi(x)=—-20exp | —0.2 E xi2 —exp % E cos(2mx;) | +20+e

i=1 i=1

n n
2 Griewank MN  [-600,600] P = oy E e Hcos <X7> 41
1

n-1 n m
k(xi —a)"x; > a
3 Penalized function 1 MN [-50,50] fx)= z 10sin®(7y;) + E i = 1*[1 + 10sin?(7yi )] + 0 — 1) 5 + E u(x;, 10,100,4) yi=1+(x+1)/4 u(x;,a,k,m)= O-a<x;<a
" _ , k(=xi —a)"x < —a
i=1 i=1
n-1 n
4 Penalized function 2 MN [-50,50] fa(x) =0.1< sin®(3mx1) + E (% = 12[1 + sin®(37xi1)] + (Xn — 1)?[1 + sin®(27x,)] § + E u(x;, 5,100, 4)
i=1 i=1
n
5 Quartic us [-1.28,1.28] fs(x) = E ix} + random[0, 1)
i=1
n
6 Rastrigin MS [-5.12,5.12] fo(x) = E [x? — 10 cos(27x;) + 10]
i=1
n-1
7 Raosenbrock UN [-30,30] Fr(x) = E [100(x;.1 — 22 + (% — 1)?]
i=1
. 2
n 1
8 Schwefel’s 1.2 UN [-100,100] fs(x) = g E X;j
i=1 j=1
9 Schwefel's 2.21 UN [-100,100] fo(x) = max; {|xi| d<i< n}
n n
10 Schwefel's 2.22 UN  [-10,10] Fro(x) = E Wil + H i
i=1 i=1
n
11 Sphere Us [~100,100] fii(x) = E X2
i=1
n 2
12 Step function us [~200,200] Fia(x) = E (in +0.5J)

i=1

281-221 (¥10Z) 61 Sunndwo) 3fos payddy /19pqpg g ‘1upqioyn ‘N

C, characteristic; U, unimodal; M, multimodal; S, separable; and N, non-separable.
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Table 2 Table 5
The tunable parameters of EMA to accomplish numerical experiments. Comparison of mean run times of EMA, GSA, PSO and RCGA.
Je53 g Functions Function GSA PSO RCGA EMA
[0.10.05] [0.10.05] F1 F1 91.12 41.60 28.91 32.13
[0.10.05] [0.10.05] F2 F2 92.91 40.78 28.09 32.24
[0.040.00] [E-120] F3 F3 105.54 56.71 39.58 39.05
[0.040.00] [E-120] F4 F4 104.35 43.06 36.48 38.89
[0.20.1] [0.20.1] F5 F5 91.45 38.48 27.99 31.1
[0.10.07] [E-5E—6] F6 F6 90.98 37.89 28.45 30.91
[0.020.005] [0.010.005] F7 F7 98.30 42,91 40.11 38.2
[0.10.05] [0.010.005] F8 F8 95.77 38.86 27.86 31.85
[0.050.01] [0.10.05] F9 F9 90.51 4218 28.35 31.99
[0.050.02] [0.10.05] F10 F10 90.08 40.74 27.41 31.25
[0.050.02] [0.10.05] F11 F11 90.09 37.59 28.68 30.89
[0.050.02] [0.10.05] F12 F12 90.21 36.96 26.51 27.58
Average time 94.27 41.48 30.70 33.06
Average T/l 0.0094 0.0041 0.0030 0.0033
Table 3
The mean errors of EMA in different dimensions. . . .
- - - In Table 4, the average error obtained by EMA in 30-variable
Optimal 50 30 20 10 Dimensions dimensions are compared with the average error of DE, PSO, RCGA
0 0 0 0 0 Ackley and some new algorithms such as CSA, GSA, BBO, HS and ABC. Over-
0 0 0 0 0 Griewank all, the average error of each algorithm is presented at the end
0 3E-16 0 0 0 Penalty #1 of Table 4. Considering several conducted comparisons, some of
0 1E-18 0 0 0 Penalty #2 . ) ) p ,
0 0 0 0 0 Quartic the algorithms such as ABC algorithm have large error in one or
0 0 0 0 0 Rastrigin more functions and better results in the other functions in com-
0 6E-3 2E-7 6E-10 1E-25 Rosenbrock parison with the other algorithms in order to have more accurately
8 g g g g gigng ;;1 assessment and comparison. The errors of the algorithms in any of
0 0 0 0 0 Schwefel 2.22 functions are compared to each other ar!d they are ranked from 1
0 0 0 0 0 Sphere to 9 and the average ranks of each algorithm are presented at the
0 0 0 0 0 Step end of the Table 4. In Table 5, the average run time of the meth-

this function is evaluated by EMA with the expansion and integra-
tion of 10, 20, 30 and 50 variables in [-32,32] domain. The detailed
information about the standard benchmark function’s characteris-
tics and properties applied in Table 1 are presented in [34,35].

The results obtained from solving the above problems with 10,
20,30 and 50 variables are shown in Table 3. The numbers less than
10732 are neglected in the calculations. In all performed exper-
iments, the global optimum point of all test functions is equal
to zero, thus the obtained results show this algorithm error. The
results in Table 3 show the average error value of each function
after 50 runs program.

As it is obvious from Table 3, the EMA is able to find out exactly
the global optimum point in each program implementation in nine
of the functions with dimension of 10, 20, 30 and 50 variables.
In three remained functions, the obtained answer is close to the
optimum point. Generally, each function is experimented in four
dimensions and the EMA is able to find out the global optimum
point in 42 of experimentations and in 6 experiments the results
are very close to the optimum point.

Table 4
Comparison of mean errors obtained by different algorithms.

ods for each benchmark functions provided for 10,000 iterations.
Average execution time of each algorithm and the average time
to iteration (T/I) for each algorithm are also presented in Table 5.
Fig. 3 compares the convergence characteristic of EMA, RCGA, PSO
and GSA.

As shown in Table 4, the EMA could extract global optimum
pointin 11 test functions without error in each program run and in
optimization of Rosenbrock function; it could extract global opti-
mum point with the average error of 2 x 10~7 in average run of
50. As seen in Table 4, each of algorithms has the high ability to
solve some functions while has not suitable performance in opti-
mization of the other functions. For example, GSA in optimization
of functions f4 and f5 with ranking of 2 and 7 has suitable and weak
performances, respectively, and the average rank of GSA is 4.08.
The average error of this algorithm is also 1641.3 which its 1600
units, is due to ineffective performance in optimization of function
f5. For another example, ABC algorithm had good performance in
optimization of function f;, with rank 1 and functions fi, f, and
f3 with rank 2, while had the worst performance in optimization
of functions fg and fg in comparison with the other algorithms.
Table 4 shows the average ranking for algorithms in optimization of

Functions (D=30) HS ABC BBO CSA DE GSA PSO RCGA EMA Best performance by
Ackley 2.94E-03 8.14E-06 3.48E-01 3.47E-02 3.1E-3 1.1E-5 2E-02 2.15 0 EMA
Griewank 5E-01 2.48E-04 4.82E-01 2.4E-03 1E-3 2.9E-01 5.5E-2 1.16 0 EMA
Penalty #1 1.32E-1 3.34E-13 5.29E-03 3.62E-4 1.2E-01 4.2E-13 2.6E+2 5.3E-2 0 EMA
Penalty #2 2.21E-04 6.17E-13 1.42E-01 1.7E-13 1.7E-25 3.2E-32 7.1E+2 8.1E-2 0 EMA
Quartic 3.75E-02 0.2089 1.9E-02 1.29E-02 1.28E-2 5.33E-01 1.04 5.6E-01 0 EMA
Rastrigin 4.27E-02 4.66E-02 8.5E-02 16.1867 30.12 15.32 72.8 5.92 0 EMA
Rosenbrock 7.64E+01 1.1836 9.14E+01 3.98E-01 2.4E-01 25.16 1.7E+3 1.1E+3 2E-7 EMA
Schwefel 1.2 3.66E+03 11,173 4.16E+02 3.14E-10 1.1E-01 1.6E+03 2.9E+3 5.6E+3 0 EMA
Schwefel 2.21 3.77 40.737 7.76E-01 2.8952 1.3E-02 8.5E-06 23.6 11.78 0 EMA
Schwefel 2.22 9.75E-03 5.86E-07 2.42E-01 9.8E-12 9E-01 6.09E-05 2.0 1.07 0 EMA
Sphere 5.14E-04 4.6E-12 8.86E-01 1.71E-16 11.78 2.1E-10 5E-02 23.45 0 EMA
Step 2E-02 0 2.8E-01 0 1.27E-03 2.1E-10 2E-02 24.52 0 -
Ave. Rank 5.57 4.16 5.83 3.66 449 4.08 7.41 7.58 1 EMA
Sum error 3740914 11,215.17 510.6653 19.5309 433 1641.30 5669.58 6770.74 2E-7 EMA
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different functions. The results indicate that after EMA, CSA and
GSA with the average rank of 3.66 and 4.08, respectively, had high
ability in optimization of various problems in comparison with the
other algorithms. Interestingly, as can be seen in Table 4, EMA has
high capability in finding the optimal point for all functions. This
is due to have two searching operators and the ability of EMA in
selecting the search area. As can be seen in Table 1, EMA has dif-
ferent risk percentage for some functions and searches particular
area. This advantage does not exist in some algorithms, such as PSO.
For example, in PSO algorithm due to its structure the inertia coef-
ficient has relatively constant value and thus the algorithm always
searches for particular areas [36]. Total error value in EMA for 50
times runs of all functions is 2 x 107,

The average run time for RCGA, PSO, GSA and EMA are given
in Table 5. In calculation of the program run time, the RCGA, PSO
and GSA are optimized in terms of time and their programming
trends are performed in the easiest and most suitable form. As it
can be seen, RCGA with run time of 30.7 s and 10,000 iterations has
the lowest program executive time in comparison with the other
algorithms. The average executive time for EMA is more than RCGA
by 2.3s, while it is less than PSO by 20% and three times less than
GSA.

As it was mentioned earlier, Ackley function has infinite opti-
mum points due to its exponential function. Fig. 3(a) depicts the
convergence characteristics of EMA and other algorithms in opti-
mization of function f;. As it is obvious, EMA could find optimum
pointin first 200 iterations with the error of 3 x 1010 and further in
iteration 1800 it could extract global optimum point without error.

Fig. 3(b) shows the EMA convergence in optimization of function
f>.To have clear observation of EMA convergence, zoomed figure is
provided. The convergence characteristics of EMA for optimization
of functions f3 and f, are shown in Fig. 3(c) and (d), respectively. For
both of functions, EMA could extract global optimum point in aver-
age 4000 iterations. As it was stated, trades of stocks in EMA are a
fraction of sum absolute value of problem variables. For functions
f1 and f>, when all variables are zero the sum of all variables will be
zero, as a result the global optimum point is obtained, whereas for
functions f3 and f4 the sum variables are not zero. By comparing the
results of these four functions, it can be concluded that if all of the
variables have no value of zero but the sum value is zero, this algo-
rithm will be not trapped in local optimum point because trades
are performed as a fraction of shares absolute value. Moreover, this
algorithm does not want to make the shares of shareholders equal
to zero.

In oscillation market, the individuals in the second group make
trade without changes in their total shares and the individuals in
the third group change their total shares by buying/selling shares.
In optimization of functions f; and fy, at first, the individuals in
the third group have the most impact on finding optimum points
because they change share value from 432 close to 1 by buy-
ing/selling shares. Afterward the second group individuals have
the most effect on finding global optimum points and by trad-
ing shares all of the variables go toward 1. The existence of two
search operators (the second and third groups’ individuals) which
are complementary to each other makes EMA to be able in finding
global optimum point.

The convergence characteristic of function f5 is shown in
Fig. 3(e). Due to the weak results of the other algorithms in com-
parison with EMA, it is not possible to depict EMA curve totally
and convergence figure is shown in [5 x 102, 1 x 10-6]. As shown
in Fig. 3(e), EMA could find global optimum point in iteration 100
with error of 1x 1074, in iteration 1000 with error of 1 x 1073>,
in iteration 2000 with error of 1 x 10-72, in iteration 5000 with
error of 1x 107189, in iteration 8500 with error of 1x 10343
and finally, in iteration more than 8500 with error of zero. It
should be noted that the convergence characteristics of the EMA is

similar to a straight line and indicates the algorithm could find
better optimum point after each iteration verifying the efficacy of
search parameters. Another advantage of this algorithm is escaping
from global optimum point with small error. As it is obvious, even
this algorithm could find global optimum point in iteration 8500
with error of 1 x 107345,

The convergence characteristics of function f; are shown in
Fig. 3(g). Due to the need of EMA to large number of iterations in
comparison with the other algorithms, the number of iterations is
depicted in logarithm range. This function is uniquely complex and
because of variables’ changes in inside of many groups, the global
optimum point extraction needs more iteration by EMA. The con-
vergence pattern for this algorithm is depicted for twice the other
algorithms’ iterations. For the same iteration number by other algo-
rithms, the EMA could find global optimum point with the error of
1 x 10~2, and by twice the other algorithms’ iteration with 2 x 107,
respectively. The reason why the other algorithms are not depicted
for large number of iteration is that they were trapped in local min-
ima and they cannot acquire better results. The global optimum
point of this function is obtained for the value 1 for the variables
and EMA can find the value 0.99999 for all variables. As shown in
Fig. 3(g), in iteration 4 x 104, the EMA is continuing to decrease the
error of this function and not trapped in local minima. The EMA
could find the global optimum point with the error of 1 x 10~10
in iteration 2 x 10°, and with the error of 1 x 10~ in iteration
6 x 10°. However, due to the need for higher iteration number and
small changes in error, the results obtained in iteration 4 x 104 are
considered as the result of optimization.

Function fg is another complex benchmark function, in this func-
tion each variable has a membership in 2-30 groups (number of
variables) and optimal change in each variable requires simul-
taneous change in the other variables. As shown in Table 4, the
efficient algorithms such as ABC, HS, GSA and BBO could find the
global optimum point for this function with the errors of 1.1 x 104,
3.6 x 103,1.6 x 103and 4.1 x 102, respectively. As shown inFig. 3(h),
although EMA needs higher number of iteration in comparison with
the other algorithms, butitis able to find out the extract global opti-
mum point for this function. The reason why the other algorithms
are not depicted for the same number of iteration is that they were
trapped in local minima and they cannot acquire better results in
large number of iteration. The convergence characteristics of func-
tions fg—f1, are depicted in Fig. 3(i) and (p). For all of these functions,
the EMA is able to find global optimum point in each program run.

As mentioned, one of the advantages of the proposed algorithm
is the ability to choose the search area and to select the value of
each share’s changes. This advantage causes this algorithm to find
global optimum points for various functions, and then appropri-
ate selection of search area in this algorithm is indispensable. In
addition, this algorithm can find global optimum points by a risk
value less than 0.2, so the search area should be adjusted properly
to find global optimum point with the lowest error in any iteration
and with the lowest number of iterations. The following items have
great impact on fast and appropriate selection of individuals’ risk
or search area:

(1) The values of start risks of the second and third groups in oscil-
lation market are usually less than 0.2 and mostly between 0.05
to 0.1.

(2) The value of risk for the third group’s individuals is usually
0.5xg1<82<2xg.

(3) In functions such as f3, f4 and f; because the sum of vari-
ables’ values does not sharply decrease near the global optimum
point, so the value of risk decreases by the increase in iteration
number.

(4) In functions such as fi, f» and fi1 because the sum of variables’
values decreases near the global optimum point, so there is
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no need to highly decrease the risk value by the increase in
iteration number.

(5) In functions such as f3, fsand fg because the variables are
depending on each other and changing in group, so it is better
to have small changes.

To observe convergence trend and to evaluate the impact of risk
on the proposed algorithm’s performance and to choose the value
of risk the following tests have been done on function fy1.

(a) According to (1), the start risk of the second group is 0.1 and
based on (4) the risk in the last iteration is half of the initial
value. Based on (2), the third group’s individuals risk value is
half of the second group (g; =[0.1,0.05] and g, =[0.05,0.02]).

(b) The second group’sindividuals riskis similar to state a, and third
group’s individuals risk is twice as many as the second group
(g1=[0.1,0.05] and g =[0.2,0.1]).

(c) The second group’s individuals risk is similar to state a, and
third group’s individuals risk is similar to the 2nd group
(g1=[0.1,0.05] and g, =[0.1,0.05]).

(d) The initial risk of the second and third groups’ individuals are
similar to state a and the risk value tend to zero by increasing
the iteration (g =[0.1,0] and g, =[0.05, 0]).

(e) The value of risk for second group is more than 0.2, and the
risk value for third group’s individuals is same as to state a
(g1=[0.3,0.2] and g, =[0.05,0.02]).

(f) The value of risk for 3rd group is more than 0.2, and the
risk value for 3rd group’s individuals is same as to state
a(gy=[0.1,0.05] and g5 =[0.3,0.2]).

(g) The value of risk for individuals is more than 0.3, (g; =[0.5,0.3]
and g, =[0.5,0.3]).

Convergence characteristics of the proposed algorithm for states
a to g are shown in Fig. 4.

As shown in Fig. 4, the fast convergence and global optimum
point extraction without error requires appropriate risk selection
for various groups. For lower risks than 0.2, the proposed algorithm
has good performance. For state a which owes the best risk percent-
age, the EMA could find global optimum point in iteration 9300
without error. For state b, the global optimum point is found in
iteration 9300 without error. For the other states, finding global

optimum point has small errors. As it is obvious, by increasing the
risk value more than 0.2, the algorithm’s error increases and the
maximum error for the algorithm is for the state g. Noticeable point
in Fig. 4 is the convergence trend of state d. In this state, in the final
iterations, the individuals’ risk value of both groups are zero, how-
ever, as can be seen the algorithm could still find optimum points
without searching operator. The main reason for this search is the
3rd group’s individuals in balanced market. As stated earlier, this
group’s individuals not only absorb individuals toward elite people
but also search the neighborhood of optimum point.

6. Conclusions

This paper presents a new algorithm for optimizing continuous
problems. The proposed algorithm is inspired by human intel-
ligence and the experience of elite individuals in stock market.
Exchange market algorithm has two absorbent operators which,
absorbs the individuals toward elite members (members of 2nd
and 3rd groups in balanced market condition) and two searching
operators (members in 2nd and 3rd groups in oscillated market
condition) which are complement to each other. These opera-
tors cause random numbers generation and organization to be
performed in best state. As shown in Tables 3 and 4, the pro-
posed algorithm obviates the other algorithms’ limitations such
as trapping in local minima, premature convergence, inability to
find neighborhood points of optimum point and convergence to
non-equal solutions in any iteration.

The proposed algorithm’s performance is such that the required
changes are selected based on sum of shares of shareholders. Thus,
the search area has an intelligent relation with the obtained results.
In EMA, the searching procedure is independent of the cost but
depends only on shares value which is taken by each individ-
ual. Then, individuals make trades until the last iteration and the
algorithm find better optimum points by the time even when the
changes are negligible; this fact is shown in Fig. 3.

As shown in Table 2, in EMA the individuals’ risks are easily con-
trolled. Therefore, the proposed algorithm could select the search
area. This advantage causes the proposed algorithm to optimize
various types of functions. The mentioned advantage is not seen in
comparison with algorithms shown in Table 4 because they have
good performance on some functions, while bad performance on
the others. The execution time for the proposed algorithm is lower
because of doing no calculation for 1st group’s individuals (con-
sisting of 20% of population) and also change in one or some shares
of each person. The execution time for the proposed algorithm is
equal to GA and less than the other compared algorithms in Table 5.

The advantages for EMA are less execution time, effective ran-
dom numbers generation and organization because of having two
absorbent operators and two efficient searching operators, the abil-
ity in selecting search area and in turn the ability for optimization
of various problems, convergence to the absolutely identical solu-
tions in each program iteration, not trapping in local minima and
therefore high ability in extraction of global optimum points and
needing no penalty factor in some problems. The results proved the
robustness and effectiveness of the proposed algorithm and show
that it could be used as a reliable tool for solving real optimization
problems.
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