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Abstract:

Gravitational search algorithm is a newly emerging meta-heuristic algorithm.
In this algorithm, the gravitational force between answers can be calculated in
two ways. In the first method, a response is selected from the local
neighborhood space of the current response and the gravitational force between
these two responses is calculated. In the second method, the gravitational force
is calculated among all the neighboring responses in the neighborhood space of
the current response and is not limited to a neighboring response. This
algorithm has premature conveg;ence in some optimization problems and gets
stuck in the local optimum and does not make progress to find the olptimal
solution, which is one of the disadvantages of this algorithm. In the article, this
problem was tested in the first step by comparing the two mentioned methods,
and it was found that the first method has relative superiority in terms of the
speed of reaching the response, in particular, the optimal response, and then by
defining a heuristic mutation function, it uses a Fuzzy controller to control the
jump rate. The proposed method has been evaluated on standard benchmark
functions, including single-mode and multi-mode functions, and the results of
evaluating these two methods have been compared with the standard
gravitational search algorithm (GSA) and the gravitational particle é)opulation
algorithm (GPS), the particle population optimization algorithm (PSO) and real
ﬁenetlc algorithm (RGA). The observed tests show that the presented method

as better results than other compared algorithms.
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1.Introduction

The vehicle routing problem has long been a subject of extensive
research. However, a review of the literature reveals that simultaneous
constraints related to warehouse capacity, vehicle capacity, and route
length have not been considered together. Considering these three
constraints simultaneously brings the problem closer to reality.

In many logistics environments, the location routing problem helps
managers to make decisions such as the location of facilities (distribution
centers or warehouses), the allocation of customers to these facilities, and
then the transportation plans to connect customers and facilities. In fact,
the problems of location routing are defined in order to find the right
place and number of facilities as well as distribution routes by means of
vehicles. The main difference between routing positioning problem and
traditional positioning problem is that in the first one, after determining
the location of facilities, communication routes between customers and
facilities are examined as a tour, but in the second one, it is assumed that
there are direct routes between customers and facilities, which ultimately
leads to an increase in distribution costs. So, unlike the traditional
positioning method, in the routing positioning method, considering the
tour, it simultaneously looks for the optimal places of facilities and also
the optimal routes.

2. Literature Review

By reviewing the literature in this field, it was seen that until now, the
limitations related to warehouse capacity, vehicle capacity, and route
length have not been considered simultaneously, while considering these
three limitations together brings the problem closer to reality. Rabbani,
Sepehri and Zagerdi, in a research entitled “the problem of vehicle
routing connected to multimodal transportation: an integrated approach”,
designed and modeled a network consisting of vehicle routes and
multimodal transportation routes for the first time. In another study,
entitled "Analysis of the Role of Financial Factors in the Whiplash Effect
in a Two-tier Supply Chain”, Movahedi, Zulfagari and Jolai, paid
attention to the financial factors affecting the escalation of the whiplash
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effect and quantified this effect. Moreover, by entering the financial
factors in the obtained model, they examined the result carefully
examined in two ways: first, investigating the time value of money in
estimating the financial value of the demand met during p period; second,
investigating changes in the monetary value of orders due to the waiting
time for order delivery (L). Dera Mirki also investigated the effectiveness
of this proposed algorithm by solving 11 VRP problems in a research
titted "New Innovative Algorithm for Solving Vehicle Routing
Problems”.

3. Methodology

In this research, the goal of developing the gravitational force
algorithm is to solve the problems of integrated and multi-purpose
transportation systems, and in the real world, the effect of gravity on
objects in a mutual way and the application of gravitational force to all
objects in space is the main idea of this algorithm. Obviously, this force
changes the speed of objects and pulls them towards larger objects,
which in nature can be referred to the relationship between the earth, the
moon, terrestrial objects and other celestial bodies. Gravitational force
algorithm or GSA local search is a new algorithm which, as its name
suggests, is a heuristic local search method. In addition, this algorithm
belongs to the group of those methods that imitate some natural or
physical processes (such as simulated cooling and genetic algorithm).

In the gravitational force algorithm, the search space is imagined as a
galaxy, and the solutions in the search space are like the objects inside
the galaxy. Each of these bodies creates a mutual force, which is obtained
using Newton's law of gravity with a slight change for F=(m-n)/r"2
problems. Based on the formula, this force is equal to the difference
between the value of the evaluation function of the candidate response
and the current response divided by the radius of the neighborhood to the
square of two. Since the high speed of the gravitational force algorithm is
due to the local search, it is very important to create and select the
neighborhood as well as to choose the correct conditions for the solutions
to be neighbors in this algorithm. In addition to the high speed in
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reaching the optimal response, the algorithm avoids reaching and staying
in a local optimum due to the inherent properties of gravity.

4. Result

In this section, the results of the implementation of true genetic
algorithm (RGA), particle population optimization algorithm (PSO),
gravity particle population algorithm (GPS), standard gravity search
algorithm(SGSA) and mutated gravity search algorithm(MUGSA) on 23
functions of the standard benchmark are presented in Tables 2,3 and 4.

Real Genetic Algorithm (RGA)

The true genetic algorithm is randomly generated with an initial
population of 50 members in the search space. The dimensions of the
problem are the number of genes that are continuously evaluated in the
problem space. In each generation, based on the fitness of the
chromosomes and using the roulette wheel, parents are selected and then
randomly paired with each other. Children are generated by hemming
and mutation operators. The rate of hembray operator is 0.3 and the
mutation probability is 0.1.

The continuous symmetry operator is performed on each pair of X i
and X j in the form of equation 1. In this relation, a is a random value
with a uniform distribution in the interval [0,1].

Xi, new = Xi —a (Xi— X j), X jnew=Xj—a (Xi— Xj) (1)
In the mutation operator on each child Xi, a gene X id is randomly

selected and its value is replaced with a new random value according to
relations 2 and 3 in the range of the search space.

Sigma = Scalex (1— Tt), Scale = X hi =5 X lo (2)
a ld, new = X id + rand xSigma 3

In the relations above, Xhi and Xlo are the upper limit and lower limit
of the search space, respectively. T is the total number of repetitions and
rand is a random number with a normal distribution and zero mean.
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Particle Population Optimization Algorithm (PSO)
The particle population optimizer algorithm is randomly generated

with an initial population of 50 birds in the search space, and Vid, X id is
calculated according to relations 4 and 5.

Xid (t+1)=Xid (t)+Vid(t+1) 4)
Vid (t +1) = w(t)Vid (t) + Clril(pbestid (t)) + C2ri2 (gbest d — xid (t) ) (5)

In these relations, ril and ri2 are two random variables in the interval
[1,0], C 1 and C 2 are positive values, W is the inertial weight, X id and
Vid indicate the position and speed of the particles in the d dimension,
pbestid and gbestid respectively indicate the best previous position of the
i-th particle and the best previous position among all the particles in the
population. In these relationships, C = 2C1 = 2 and W decreases linearly
from 0.9 to 0.2 during repetitions.

Gravitational Particle Population Algorithm (GPS)

Equation 6 has been used to update the speed of the gravitational
particle population algorithm, in which the speed of the particle
population optimizer algorithm Vid (t+1) PSO and the acceleration of
the gravitational search algorithm Vid (t+1) GSA have been used,
respectively, given in relation 7 and 8. In these relations, 3r is a uniform
random variable in the interval [1,0], which is used to create the random
property of the speed of the particle population optimization algorithm
and the acceleration of the gravitational search algorithm in the
gravitational particle population algorithm, and 3C and 4C are two
constants to determine the degree of the speed of the particle population
optimizer algorithm and the acceleration of the gravitational search
algorithm in the gravitational particle population algorithm the values of
which are considered 3C and 4C. Vid (t+1)GPS is also used to update
the position of the agents in the particle population algorithm in equation
9.

Vid (t +1) GPS = C3ri3 xVid (t +1) PSO + C4 (li — ri3) xVid (t +1) GSA (6)
Vid (t +1)PSO=W (t)C3Vid (t)+Clril (pbest id—X id (t)) + c2ri2 (gbest id—X id(t)) (7)

Vid (t+1) GSA = ravdi xVid (t) + aid (t) (8)
X id (t+1) = X id (t) +Vid (t +1) GPS 9)
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Standard Gravitational Search Algorithm (GSA) and Standard
Gravitational Search Algorithm with Mutation (MUGSA)

The two standard gravitational search algorithms and the standard
gravitational search algorithm with mutation are also randomly generated
with an initial population of 50 objects in the search space. Algorithms
are performed according to the second chapter. In the relationships of the
second chapter, the value of a equals 20 and GO equals 100, and initially
KO = N, where N is the number of factors, and decreases linearly to 1.

5. Discussion

In this research, the validation of the model, using the solution of the
proposed model for different problems was estimated. Then, five
collective optimizer algorithms, true inheritance algorithm, particle
population optimization algorithm, gravity particle population algorithm,
standard gravity search algorithm and mutated gravity search algorithm
were provided. The search algorithm was used in solving 23 standard
benchmark functions, including single mode and multi-mode functions.

The general conclusion is that the gravitational search algorithm
and the mutated gravitational search algorithm have better answers on the
23 standard benchmark functions than the real genetic algorithms, the
particle population algorithm and the gravitational particle population
algorithm, except for the functions F2, F6, F12 to F15. In functions F1,
F2, F15, the best results are observed in the gravitational particle
population algorithm, while for functions F13, F14, the best results are
observed in the particle population optimizer algorithm, and in F9, the
real inheritance algorithm has better performance. The efficiency of the
gravity search algorithm and the mutated gravity search algorithm is
better in functions F4, F7, F11, F21. The diagram of the best solution is
shown in Figure 1 and Figure 2 for the comparison between the gravity
search algorithm and the mutated gravity search algorithm as an example,
respectively for F3 and F11.
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Table 3: The results of the implementation of the real inheritance algorithm, the particle

population optimization algorithm, the gravitational particle population algorithm, the

gravitational search algorithm and the mutated gravitational search algorithm on the
benchmark functions.

RGAJ[27] PSO[27] GPS[27] GSA MUGSA
N -19 -17
F1 b?s\{esrg%aer 23.13 1.8x10-3 5.43x10 2.26x10 3.3032x10Y7
0 -19 -
beI\S/LeS%Ia]lcgr 21.87 1.2x10-3 5.65%10* 2.09x1017 3.3858x10"7
-9 -8
F bﬁ;i?%; 1.07 2.0 2.33x10 2.34x10 2.3330%10°8
b?s\{esrggf’aer 1.07 2.0 2.33%x10° 2.34x108 23330x10°®
F3 Average 5.6x10+3  4.1x10+3 1.83x10° 240.33
best so far 14.6302
Median 5.6x10+3  2.2x10+3 1.62x103 240.50
best so far 13.0726
Fa b?s\{esrggf’aer 11.78 8.1 16.88 3.63x10-9 4.1430x10°°
bel\s/Lesdola]l‘gr 11.94 7.4 16.08 3.53x10° 4.2047%10°
Fs Average 1.1x10+3  3.6x10+4 40.70 32.75
best so far 29.6085
Median 1.0x10+43  1.7x10+3 26.70 26.14
best so far 26.1217
Fe Average 24.01 1.0x10-3 357.93 0 0
best so far
Median 24.55 6.6x10-3 311 0 0
best so far
== Average 0.06 0.04 0.0099 0.06 0.0178
best so far
Median 0.06 0.04 0.0086 0.06 0.0155
best so far
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Table 4: The results of implementing the real inheritance algorithm, the
particle population optimization algorithm, the gravity particle population
algorithm, the gravity search algorithm and the mutated gravity search algorithm
on multi-mode minimization benchmark functions with variable dimension.

RGA [27] PSO [27] GPS [27] GSA MUGSA
Fs Average -1.2x10+4  -9.8x10+3  -5.78x10*®  -1.10x10°  -3.4920x10°
best so far
Median -1.2x10+4  -9.8x10+3  -5.73x10*®  -1.10 x10%®  -3.5776x10°3
best so far
Fo Average 5.90 55.1 17.01 15.69 14.6259
best so far
Median 5.71 56.6 15.42 14.92 13.9294
best so far
F1o Average 2.13 9.0x10-3 1.02 3.66x10°  3.6336x10°
best so far
Median 2.16 6.0x10-3 1.25 3.57 x10°  3.4925x10°°
best so far
F11 Average 1.16 0.01 31.24 4.25 0.0087
best so far
Median 1.14 0.0081 29.92 3.92 0.0086
best so far
F12 Average 0.051 0.29 8.12 0.0372 0.0051
best so far
Median 0.039 0.11 6.58 1.57 x10®  1.6007x101°
best so far
F13 Average 0.081 3.1x10-18 27.14 7.32x10-4 3.6625x10
best so far
Median 0.032 2.2x10-23 27.82 2.02 x101®  2.0831x1018

best so far
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Table 5: The results of implementing the real inheritance algorithm, the
particle population optimization algorithm, the gravity particle population
algorithm, the gravity search algorithm and the mutated gravity search algorithm
on multi-mode minimization benchmark functions with variable dimension.

RGA[27] PSO[27] GPS[27] GSA MUGSA
F14 Average 0.998 0.998 7.13 12.74 1.1022
n=2 best so far
Median 0.998 0.998 6.90 12.67 1.0022
best so far
F15 Average 4.0x10-3 2.8x10-3 6.80 x10* 2.93 x10°3 9.2500 x10*
n=4 best so far
Median 1.7x10-3 7.1x10-4 6.27 x10* 2.15 x103 7.7164 x10*
best so far
F1s Average -1.0313 -1.0316 -1.0316 -1.0316 -1.0305
n=2 best so far
Median -1.0315 -1.0316 -1.0316 -1.0316 -1.0310
best so far
Fi7 Average 0.3996 0.3979 0.3979 0.3979 0.3979
n=2 best so far
Median 0.3980 0.3979 0.3979 0.3979 0.3979
best so far
Fis Average 5.70 3.00 3.00 3.00 3.0000
n=2 best so far
Median 3.0 3.00 3.00 3.00 3.0000
best so far
Fio Average -3.8627 -3.8628 -3.8628 -3.8628 -3.8698
n=3 best so far
Median -3.8628 -3.8628 -3.8628 -3.8628 -3.8698
best so far
Fao Average -3.3099 -3.2369 -3.2621 -3.3220 -3.1298
n=6 best so far
Median -3.3217 -3.2031 -3.2625 -3.3220 -3.1243
best so far
Fx Average -5.6605 -6.6290 -6.8232 -5.9200 -4.3915
n=4 best so far
Median -2.6824 -5.1008 -10.1532 -2.6829 -3.7784
best so far
Fa Average -7.3421 -9.1118 -9.3842 -10.403 -4.6502
n=4 best so far
Median -10.3932 -10.402 -10.4029 -10.403 -4.1366
best so far
= Average -6.2541 -9.7634 -10.0575 -10.5364 -5.1276
n=4 best so far
Median -4.5054 -10.536 -10.5364 -10.5364 -4.7831
best so far
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Figure 1: Comparison diagram of the best solution for the gravitational search

algorithm (GSA) and the mutated gravitational search algorithm (MUGSA) in the
F3 function.
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Figure 2: Comparison diagram of the best answer for the gravity search algorithm
(GSA) and the mutated gravity search algorithm (MUGSA) in function F11

S5 4ol
wiyoS dnog )3 g (oS 5 B g Joo Jao dawgi 3 &Sl ogdle imgh ol 59l
Ll e @l SOy b Bl g 6,5 4 oSl bais 3 5) 08 ilS g9y
ohsy @B g e Siby s ) el WS 0 S (B S S a4 &
Sl pi el iz b gy ol duslie g 3)luilinl Some @lsi g5y il ool b (goloiiy
S s wiysl Glp wde Glae @ S G b Gleggy oal 3 sl o
Siin o 5 03,5 ke pslsS Sz J (o 45 e 5 (58 )55 ey 4 o5
2 odlitwl dyg0 (gbayielyl piorad ] 0dd wiyoXl pl 3 Sas Doy el g Gl onds 8,
5l sl gomme 048 gomines (sla Jole .l a8 )5 )1 )8 ealatwl )50 (52908 Do yidots oy
Olidgs & plial o5 wis lewily ooy dige laddlaio Wil o (ogilsS sLab 53 pl2]
)J.)l&a Juywun O).A}.) u.mu‘)f £y leB ey g2 uf.b)‘); V) Joy)p Sle M) .L.fuﬁ c_JA>

(1Y£)



OlySen g (LI 0315 (s LS, (e e ) USy Jiig Joo (S s (5345 a0l

G g b B8 polie Wadioe 033> (LIS e B Dy pp (Sl 4 g b s
5 Sl ol 358 00 Sluyion 1S5 3 b el plo & o Jole o (cnd (SWjlp
oy iz 3929 b (oogBleS slad p @Sl adle (gop Cod RS sy plal IS
clodole Cudgo o]y oSb 0l 5 ogtleS Sl (giludnd b g plnl il
)3 sy il @b &S el OIS e 0 S e b dgme (lej CubIS L eaiS s
& 29 e b aale plo 59 ol b 4o 53 25 e 000 s ity S Py
Oled &S Jewln slacusbas Cuow 4 plial plo e Suwls ojlil 4 pya 2 (> )le
el (slooly 38150 4SSl @ dogi b (piomed A8 (o0 &S o Bl oo Jruily slaoly 55T
b plal 1503 4 cansd wu)sSIl 1SS ol )3 5 )1 s pr calple s 5y ol
Lis i8I Jsb 5 o0 il caslio blE b 395 o o 3,505, cpl 3b (658 ol
Cawl do iz 5 do ST milgy ol oS 3 lusbis] Koo 1l YV (g5) o 00 dlpiudin o] oyl Wi
w355 il 5l Bgpme (ilwaiy (slap oSl b o edel cons 4 gl g canl oad b))
sl g S Gy Cumen eIl ld Cumen Sledie sl (s> (Sl
lpgivn ol opl &S wmd o i b inlel ol .l ond duslis 5ol il\S semine
ol ol > g col @l gy sl s BB ey S s sla ey b awglie > 0u
Pl slasialojl 09 oslinal s (gilwdingy bolue )3 Wl oo 0 Sy B3> (o)
ohl dwg s slad b (Las g SewdlS) 5)luilin] Koo ml 09,590 Jolis) o
S5 s slp g @By g o I ooloiiy QIGSA (2,580l 8 o lil ) oy)58)
dpge Aol & (VL Copn b e SO @l el gl wiysSl cnl il 155 (e
U sl st sl U5 QIGSA 15 5pee QIGSA ni s ] 51 ot e Cod
UL p2)sl ol QIGSA )8l gt et 4 0)h (o 32 g (s30T fluo ¢l
5500 4 s |y QIGSA 10,65 50 (Jools guls b duolie duy dw > ;500 w63l
Tobe (sdo Lz g odzn @ly ly «odleiiny QIGSA ()sSl s o (i Lo o5
Ol 3o 8l w2ysSl cnl la Sy j (S cnl & Bhoo Cawd dingy da & la5> 0l
B 5 Jo> 0jg> 53 (hlue (giludinge cold 13 A8 ghlae (1) (508 whpsNl AtnS a5
Ky Wangy (oo (Sbad p> (Job laptans coyi VRPIMTP S5 401
lan oS blue ol oled )3 il o o3loitin i ysSl o)S oaims L a5 ws o34

W0 )S g Cuwd omolio guls 4 (golpiin

(\Yo)



10V VA oo VEE Jlog =YY by ¢ ) o,lead V4 0,9 629 0.0 S ke
e

(@9 93) 9 (VIVeSKiuogd 9 (9o jum) Ligh ol b (g} ool dusliol Jols s

S &)l g g gls

L5 S Gl el goten 5035 L 0] S Wlie ol 3 0 gty o) a5 T
et g baiell Cilisee ol 3l 4 0 )eSUl (nl 59y S Al 3 lgee alanjl sl
sladine} 31 6)S05 o)l aej 13 1y o] (L g oizmen 2,8 Baid o yialyly B
D)5 oy p Dlge ploy (gl Al bl

FLI WY
I KU R U TP R S I SR LR VP

()



OlySen g (LI 0315 (s LS, (e e ) USy Jiig Joo (S s (5345 a0l

References

A. Haramlou, S. Abdullah, Z. (2011), Othman, Gravitational Search Algorithm
with Heuristic Search for clustering problems,3™ Conference on data
mining and Optimization,Malaysia,.doi.org:10.1109/dmo.2011.
5976526

A. Saffar, R. Hooshmand and A. Khodabakhshian. A new fuzzy optimal
reconfiguration of distribution systems for loss reduction and load
balancing using ant colony search-based algorithm, Applied Soft
Computing, vol.11,pp. 4021-4028,2011. doi:10.1016/j.asoc.

A.P. Engelbrecht. Fundamentals of computational swarm intelligence, John
wiley and sons, 1-640. 2005. doi: 10.1007/s10710-006-9020-8

A.P.F. Saeidi-Khabisi, and E. Rashedi. Fuzzy Gravitational Search Algorithm,
2nd International eConference on Computer and Knowledge
Engineering (ICCKE), 2012. doi.org:10.1109/iccke

B. Sahu, D. Mishra. A Novel Feature Selection Algorithm using Particle Swarm
Optimization for CancerMicroarray Data, Procedia Engineering, vol.
38, pp. 27-31, 2012. d0i:10.1016/j.proeng

C, Li, J, ZhouKParameter’s identification of hydraulic turbine gonverning and
Management52(2011)374-381. doi.org:10.1109/appeec.2010.5448987

Ch. Guo, Zh. Jiang, H. Zhang, N. Li. Decomposition-based classified ant colony
optimization algorithm forscheduling semiconductor wafer fabrication
system, Computers & Industrial Engineering, vol. 62, pp. 141-151,
2012. doi:10.1016/j.cie_

D. d. Serafino, S. Gomez, L. Milano, F. Riccio, G. Toraldo. A genetic algorithm
for a global optimization problem arising in the detection of
gravitational waves, Springer Science and Business Media, vol. 48,
pp.41- 55, 2010. doi:10.1007/s10898-010-9525-9

D. Hu, A. Sarosh, Y. F. Dong. An improved particleswarm optimizer for
parametric optimization of flexiblesatellite controller, Applied
Mathematics and Computation, 217, 8512-8521, 2011.
doi:10.1016/j.amc

D. Mishra. Discovery of Overlapping Pattern Biclustersfrom Gene Expression
Data using Hash based PSO, Procedia Technology, vol. 4, pp. 390 —
394, 2012. doi:10.1016/j.protcy

D.Holliday, R. resnick and J. Walker. Fundamentals of physics, John wiley and
sons, 1-1431. 1993. doi.org:10.2174/9789815049909123010003

(1YY)


https://doi.org/10.1016/j.asoc.2011.03.003
https://doi.org/10.1007/s10710-006-9020-8
https://doi.org/10.1109/iccke.2012.6395370
https://doi.org/10.1016/j.proeng.2012.06.005
https://doi.org/10.1016/j.cie.2011.09.002
https://doi.org/10.1007/s10898-010-9525-9
https://doi.org/10.1016/j.amc.2011.03.055
https://doi.org/10.1016/j.protcy.2012.05.060
https://doi.org/10.2174/9789815049909123010003

10V -VAe. 0.0 VEE o =YY by ¢ ) 5)koud V4 5,9 629 0 R0 Cxt e
e —

E. Rashedi, H. Nezamabadi-pour, and S. Saryazdi. GSA: a gravitational search
algorithm, Information sciences, vol. 179, no. 13, pp. 2232-2248, 20009.
doi.org:10.1016/j.ins

E. Rashedi, H. Nezamabadi-pour, S. Saryazdi. Filter modeling using
gravitational search algorithm, Engineering Application of Artificial
Intelligence, vol. 24, no.1 pp. 117-122, 2011. doi:10.1016/j.engappai

E. Rasshedi, H. Nezamabadi-pour, and S. Saryazdi. BGSA: binary gravitational
search algorithm, Natural computing, vol. 9, no. 3, pp. 727-745, 2010.
doi.org: 10.1007/s11047

F. Musharavati, A. M. S. Hamouda. Simulated annealing with auxiliary
knowledge for process planning optimization in reconfigurable
manufacturing, Robotics and Computer-Integrated Manufacturing, vol.
28, pp. 113-131, 2012. doi:10.1016/j.rcim

H. Ding, L. Benyoucef and X. Xie. A simulation-based multi-objective genetic
algorithm approach for networked enterprises optimization, Engineering
Application of Artificial Intelligence, vol. 19, pp. 609-623, 2006.
doi:10.1016/j.engappai

H. S. Kim and S. B. Cho. Application of interactive genetic algorithm to fashion
design, Engineering Applications of Artificial Intelligence, vol. 13, pp.
635-644, 2000. doi.org:10.1016/s0952

Hossein. Nezamabadipour. Inheritance Algorithm, Basic and Advanced
Concepts, First Edition, 1-230. 2010. [In Pershian]. doi:10.1109/iscisc_

I. Aydogdu, A. Akin and M.P. Saka. Design Optimization of real-World steel
space frames using artificial bee colony with Levy flight distribution,
Advance in Engineering Software, vol. 92, pp. 1-14,2016.
doi:10.1016/j.advengsoft

J. Kennedy, and R. C. Eberhart. particle swarm optimization, Proceedings of
IEEE International Conference on Neural Networks, vol. 4, pp.1942-
1948, 1995. doi.org:10.5772/6754

J. Xkao, F. Qi, Y. Li. Gravitational Choatic Search Algorithm for partners
Selection with Due Date Constraint in Virtual Enterprise, Fourth
International Workshio on Advanced Computatianal Intelligence, 2011.
doi.org:10.1109/iwaci.2011.6159990

K. loannidis, G. Ch. Sirakoulis, I. Anreadis. Cellular ants: A method to create
collision free trajectories for a cooperative robot team, Robotics and
Autonomous System, vol. 59, pp. 113-127, 2011. doi:10.1016/j.robot

(\YA)


https://doi.org/10.1016/j.engappai.2010.05.007
https://doi.org/10.1007/s11047-009-9175-3
https://doi.org/10.1016/j.rcim.2011.07.003
https://doi.org/10.1016/j.engappai.2005.12.008
https://doi.org/10.1016/s0952-1976(00)00045-2
https://doi.org/10.1109/iscisc.2012.6408188
https://doi.org/10.1016/j.advengsoft.2015.10.013
https://doi.org/10.5772/6754
https://doi.org/10.1109/iwaci.2011.6159990
https://doi.org/10.1016/j.robot.2010.10.004

OlySen g (LI 0315 (s LS, (e e ) USy Jiig Joo (S s (5345 a0l

L.A.Zadeh. Fuzzy Sets, Information and Cotorol, vol.8, pp.338-353,1965.
doi.org:10.1007/s12543

M. Doraghinejad, and H. Nezamabadi-pour. Black Hole: A New Operator For
Gravitational Search Algorithm, International Journal Of Computational
Intelligence Systems, 7(5), pp. 1-18, 2014. doi.org:10.1080/18756891

M. Dorigo, V. Maniezzo, A. Colorni. The ant system: optimization by a colony
of cooperating agents, IEEE Transactions on Systems, Man, and
Cybernetics — Part B 26 (1) (1996) 29-41. doi.org:10.5772/13840

M. Shams, E. Rashedi and A. Hakimi. Clustered Gravitational Search
Algorithm and its application in parameter optimization of a low noise
amplifier, Applied Mathematics and computation, vol. 258, pp. 436-
453, 2015. doi:10.1016/j.amc

M. Shams, E. Rashedi and A. Hakimi. Clustered Gravitational Search
Algorithm and its application in parameter optimization of a low noise
amplifier, Applied Mathematics and computation, vol. 258, pp. 436-
453, 2015. doi.org:10.1016/j.amc

M. Soleimanpour Moghadam, H. Nezamabadi-pour, and M. Farsangi. A
Quantom Behaved Gravitational Search Algorithm, Intelligent
Information Management, pp. 390-395, 2012.
doi.org:10.4236/iim.2012.46043_

M.Y. Cheng, Doddy prayogo, Y.W. Wu and M. Marcellinus Lukito. A Hybrid
Harmony Search algorithm for discrete sizing optimization of truss
structure, Automation in Construction, vol. 69, no.,pp.21-33, 2016.
doi:10.1016/j.autcon

N. KarasnogorandJ.Smith. A tutorial for competent memtic algprithm: model,
taxonomyand degign issues, IEEE transaction on evolutionary
computation, 9(5), 474 - 488.,2005. doi.org:10.1109/tevc.2005.850260

N. Mohd Sabri, M. Puteh, and M.R. Mahmood. A Review of Gravitational
Search Algorithm, International Journal of Advances in soft computing
and its applications, vol. 5, no. 3, 2013.
doi.org:10.1103/physrevd.36.2901

P. C. Chang, J. J. Lin, C. H. Liu. An attribute weight assignment and particle
swarm optimization algorithm for medical database classifications,
Computer Methods and Programs in Biomedicine vol. 107, pp. 382-
392, 2012. doi:10.1016/j.cmpb

(1Y4)


https://doi.org/10.1007/s12543-011-0064-y
https://doi.org/10.1080/18756891.2014.966990
https://doi.org/10.5772/13840
https://doi.org/10.1016/j.amc.2015.02.020
https://doi.org/10.1016/j.amc.2015.02.020
https://doi.org/10.4236/iim.2012.46043
https://doi.org/10.1016/j.autcon.2016.05.023
https://doi.org/10.1109/tevc.2005.850260
https://doi.org/10.1103/physrevd.36.2901
https://doi.org/10.1016/j.cmpb.2010.12.004

10V VA oo VEE Jlog =YY by ¢ ) o,lead V4 0,9 629 0.0 S ke
e

P. Tarasewich, and P. R. McMullen. Swarm intelligence: Power in nimbers,
Appears in communication of ACM, Agust 2002, 45(8), 62-67.
doi.org:10.1049/pbcel19h_ch21

Q. Zhua, J. Hu, L. Henschen. A new moving target interception algorithm for
mobile robots based on subgoal forecasting and an improved scout and
algorithm, Applied Soft Computing, vol. 13, pp. 539-549, 2013.
doi:10.1016/j.asoc

R. Dinverno. IntroducinE nistien Relativity, Published in the United States by
Oxford university Press Inc, New York, 1992.
doi.org:10.1017/cb09781139140355.020

R. Mansouri, F. Nasseri and M. Khorrami. Effective time variation of G in a
model universe with variable space dimention, Physics Letters, vol.
259, pp. 194-200, 1999. doi.org:10.1016/s0375

R.L. Haupt and E. Haupt. Practical Genetic Algorithms, second ed., John Wiley
& Sons, 1-288. 2004. doi.org:10.1201/9781420011326

S. Ebrahimi Mood, E. Rasshedi and M.M. Javidi. (2010), New Functions for
Mass Caculation in Gravitational Search Algorithm.
doi.org:10.24425/a0a

S. Mondal, A. Bhattacharya, S. H. N. Dey. Multi-Objective economic emission
load dispatch solutionusing gravitational search algorithm and
consideringwind power penetration, Electrical Power and Energy
Systems, vol. 44, pp. 282, 292, 2013. doi:10.1016/j.ijepes

S. Sarafrazi, H. Neannhadi-pour, S, Sayazdi. Disruption: Anew operator in
Gravitational search algorithm Scientialranica, pp.539-548, Feb2011.
doi.org:10.1016/j.scient.2011.04.003_

U. Guvenca, Y. Sonmezbh, S. Dumank, N. Yorukerend. Combined economic and
emission dispatch solution using gravitational search algorithm, Scientia
Iranica, 19(6):1754-1762. 2012 in press. doi:10.1016/j.scient

W. Zhao. Adaptive Image Enhancement based on Gravitational Search
Algorithm, Procedia Engineering, vol. 15, pp. 3288-3292, 2011.
doi:10.1016/j.proeng

X. Han and X. Chang. Chaotic secure communication based on a gravitational
search algorithm filter, Engineering Applications of Atrtificial
Intelligence, vol. 24, pp.766-774, 2012. doi:10.1016/j.ins

X.Yao, Y. Liu and G. Lin. Evolutionary programming made faster, IEEE
Transaction

(1A+)


https://doi.org/10.1049/pbce119h_ch21
https://doi.org/10.1016/j.asoc.2012.08.013
https://doi.org/10.1017/cbo9781139140355.020
https://doi.org/10.1016/s0375-9601(99)00449-1
https://doi.org/10.24425/aoa.2019.126360
https://doi.org/10.1016/j.ijepes.2012.06.049
https://doi.org/10.1016/j.scient.2011.04.003
https://doi.org/10.1016/j.scient.2012.02.030
https://doi.org/10.1016/j.proeng.2011.08.617
https://doi.org/10.1016/j.ins.2012.04.039

