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PAPER INFO ABSTRACT

Paper history: The bat algorithm is an example of meta-heuristic algorithms from the
Received: 2024-02-03 collective swarm intelligence, which is based on the echolocation behavior of
Revised: 2024-04-28 bats. This algorithm preserves the diversity of the solution by using a frequency
Accepted: 2024-06-05 tuning method that can quickly and efficiently shift from exploration to

exploitation. Therefore, when a fast and accurate solution is needed, this
algorithm becomes an efficient optimizer for any application. Although the bat

Keywords: algorithm has many practical benefits, it also has some disadvantages. One of
Optimization; these disadvantages that reduces its efficiency is being trapped in the local
Swarm intelligence; optimum. To solve the mentioned problem in this research, the position and
Meta-Heuristic algorithm; speed of the initial population is updated in three ways with different formulas,
Local optimum; this makes the final answer of the problem not trapped in the local optimum and
Bat algorithm. diversity occurs in the population. In this article, the performance of the

improved bat algorithm on 11 sample objective functions has been investigated
and compared with other similar algorithms, and finally the results show the
superiority and accuracy of this algorithm compared to similar samples.
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) Ti 1 &5 9 Al ko oy on 3-  Determine the position of each bat based on the values
il o sal of the pulse emission rate r, the loudness of the sound A
22 A T e and the number of iterations.

4-  Calculate the value of the objective function for each bat
and put the current optimal solution as x*.
5-  While Iteration # Maximum
a. Fori=1:Pop
i.  Update the frequency, speed and position values of the
bat based on the equations (1), (4) and (5).
ii. Divide the initial population into three equal parts

1. For the first group, update the speed and position
of the bat based on the standard bat with
equations (4) and (5).

2. For the second group, update the speed and
position of the bat based on the method of
changing the inertial weight factor and using
equations (9) and (11).

3. For the third group, update the velocity and
position of the bat based on Levy's bat flight and
with relations (14) and (16).

Fal
FOX)<F(x*)

alogagy olas ol oSl Olerals =) IS iii. Ifrand >rithen
1. Create a new solution around the best solution
o . * s 2. Generate a stochastic solution with random flight
L “l.O.o 9 Lh‘s)Lw @L" ¥ based on equation (6).
.o . T iv. If rand<Ai & f (xi (t+1)) <f (x*) then
e 5l oolanul b (golpainy aidloguyy (ilas o S]] 1. Accept the new solution and update the control
S o 5 Q—>| S sl oo d’l.wool...u R2017b parameters ri and Ai based on equations (7) and
u‘“’L“"' f";'?.)ﬁij‘ ).‘ oow] Cowd @ C.JLJ o il S lie v. Update the global optimal solution and its

corresponding objective function value

VEY e VA o)lods eagd 5 o Jlo i 55 Sk Joke alzea



YvYy

piaossdl (S plesil s 555 (S8lST Slap 5l
9 g 6 S S5 jladinge b adbogay Hlas
@ @l loly (o5 Gl b adlogge sl
o o8l b anslin 050 Jud ldbzs (o odel s
oolatwl 8,50 (slo ol b Ll 0uls ooly 118 anglie 550
ools 518 g oad o V Jgur j0 baey yoSl 5l plas” o 50

el 00

Ko sl (S5

SIS e labial e (S slap ;5N L aidlssae
e, I ] @lys plosl dYV ] cqian Jue o5
g [7] Gisls S5 jluang b adlbogy Gilis
[¥9] o5 i b gy 25 o550
il v ysSI s odle Ll ol yo el ooy s ls
@ g olliul plas g Sy koSl aliogae

el 00 uu)ljf Lau] G)L».! PR 1).‘>| J,alf O yg0

Sl o080l o sl b ally (o Sy ) Jgur

595! solyly Jludo
Wmin 0.2
Winax 0.9
TPBA T rand[0,1]
[0) 15
0 0.01
Mutation Rate 0.001
GA Elitism rate 0.2
Crossover rate 0.95
Minimum Frequency 0
Maximum Frequency 2
BA Velocity 0
Loudness 0.9
Rate of Pulse Emission 0.5
Maximum weight 0.9
PSO Minimum weight 0.4
r Rand[-1,]
ABC ® Rand[0,1]
Fixed frequency fmin= 2, fmax= 2
HSIBA Fixed flight weight Whin= 0.2, Wp,in= 0.8
Initial pulse frequency ri°=0,ie{1, 2,..,1}
Initial pulse loudness AV=2,i={12,..,1}
A 0.9
IBA R 0.5
Population Size 50

ety 422l g (e sla Bl
98! ST (bl 5o axdlisgage (Bla o 595!
o,8les Sgge 4 (Sl ol Loyl ilas
w5 Al el o sl o 4l Lilis 2SI
odd 485 )13 (o) 2 3590 oSl Gl jlead Jol>
L Gan b)) (g5, 2 adlogugy (ilas o oSl ool
il 00l 00ls 103 sy 0,90 g3 )L g0
)| ,S5 slass 5 coll adgl ez dlaws g\l SO o
sl 00 ools s
e Al Comez 9 ol Lol S5 slaa pgo (550 5L 5o
ol 0als a8 F by o
o s o 5 S i b o sl 2
S8 sy 0 90 AlSTa> O go 4 Cl> j2 AT 00l olowl
e oyl S5 sl ol Sl e el snd 438 S

VY s VA 0)lod g0 5 oy JLo

liogagy (2l o 81 (i jLiiel Ee allie (] o
Ll ol e 00t ooliias] gy Cam ali V)
Sl oa ool Hlas Y Jeaz jo byl dials g laaud sles
&y () iatws v @ le (oo ]y @l cnl e Jgone Hob &
Tz S 25 (Vs (g @l (V (s O
Ol ) @b aa D Jgur nl )3 0,5 el (2ol w b
6ok e sl Jlas L Lo 52 «s3ludinte 5o ap3 00
Bl Sl YU olal b (g &5 o 99,
2 e )ssl ez (Pl g9 (nl Gl iinn S
[FPC-PENTIC SUNE PRIV SN g EORTRTS B
St ol @l wbaas gl a4 | gl
&ly Gezmen (Vg A 5 V¥ o)led milg ausle) wil oo
SNz SdueS @y 2 V) 9 Ve o)led wlh ety
a5 0l by gl el o5 gy ol bl Lysz 15l 18

e 50 (3l Joe alme



Gl 2,50 42335y s B yne

MO Pgw o> b ) cJ> (Yo d.le Coro> Slass

0318 JI 8 sy 9,90 VYO oy Cl> N v e o le> CIl>

] 00

YV¥

NP PPN PSR P PRPUUICI P P

30 Ll ooy 48§ Jay o P e

'99») el

JECN N SR
sbml Cdl> iy adgl Comex pm5 b pes syl

Syge 0ad Jol> Sla S5 5 b Jgax b o o8l 5 o0

S99 Baw wilei -V Jgo

oo b dero gl b Y URT
D
FO1 = Z X2 Sphere 30 [-100,100] 0
i=1
% - Schwefel
FO2 = Z|xi| + nlxil ¢ 30 [-10,10] 0
2.22
i=1 i=1
FO3 = x2 + y2 + 25(sinx)2 + (siny)>2 Sine 30 [-100,100] 0
function !
< Generalized
2 eneralize
FO4 = Z [100(x41 = x2)° + ( — 1)?] e 30 [-30,30] 0
151
FO5 = Z([xi +0.5))2 STEP 30 [-100,100] 0
i=1
F06= Y2 . ix} + random[0,1] Quartic 30 [-1.28,1.28] 0
3 Generalized
. eneralize -
K07 = Z —xsin (V1) Schwefel 30 [:500.5001 414 9829%n
l—Dl
FO8 = Z[xi2 — 10 cos(2mx;) + 10] Rastrigin 30 [-5.12,5.12] 0
i=1
F09 = —20exp (—0.2 E lexi2> -
D Ackley 30 [-32,32] 8.8818¢-16
exp (%Zﬂl cos 21‘[Xi) +20+e
1 Six-Hum
F10 = 4x7 — 2.1x{ + §xf + XX, — 4x2 + 4x3 CameI—Bagk 2 [-5,9] -1.0316285
F11 =1+ (x; + X, + 1)?2(19 — 14x, + 3% — 14x, + Goldstein
6X1X, + 3x3)] X [30 + (2x; — 3x,)%(18 — 32x, + 12x% + Price 2 [-5,5] 3

48x, — 36%X:X, + 27x2)]
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. HSIBA IBA LMBA QABA
G
& GA BA PSO[32] ABC][32] [30] [31] [33] PBA [34] [35] MBA
Fﬁr?:tss 1.080191633  0.002859515 NA NA NA 2.71E-01  7.060E-29  5.0978E-19 0.000 0
F Mean 1.081075693  0.005955662 7.8157 3.5678E-5 0 271E-01  4584E-10  2.6329E-18 0.00015 0.017508395
01
Iteration 500 500 500 500 50 2000 - - 30 600
Rank 7 5 9 6 1 8 3 4 2 1
Fﬁsztss 0.47846051 0.35486462 NA NA NA 7.90E-03  1743E-15  15384E-09 0.000 4.2494E-172
F Mean 0.4904954 0.496594825 0.9676 7.7417E-06  2005E-171  2.64E-02 2.406E-5 2.8843E-09  1301E-309  0.497301219
02
Iteration 600 600 950 950 50 2000 - - 30 600
Rank 8 9 10 6 5 7 4 3 2 1
Best 2.16987E-12  2.07909E-06 NA 1.6214E-04 NA NA NA NA NA 0
Fitness
F Mean 2.16987E-12  0.000952735 65.5158 NA NA NA NA NA NA 0.000137362
03
Iteration 600 200 500 500 NA NA NA NA NA 600
Rank 2 3 4 5 - - - - - 1
Fﬁsztss 0.138808651  3.87961E-06 0.241219 0.0607 2.867E-01  2.90E-01 3.176E-1 2.3212E-02 1.816E-6 9.87232E-08
F Mean 0.138808651  0.00055202 NA NA NA 3.02E+01 8.131 7.4372E-01 1.026E-4 0.001290841
04
Iteration 300 600 8000 8000 50 2000 - - 30 300
Rank 4 3 6 10 7 8 9 5 1 2
F:?t’s:tss 0.463766435  0.003326823  2.6550E-1 4.8813E-04  2.147E-01 3.05E-1 1.046E-6 4.2960E-19 2.982E-9 0.043913321
F Mean 0.477631344  0.006155159 NA NA NA 3.22E-1 8.421E-3 2.5237E-18 2.816E-9 0.070776533
05
Iteration 600 600 15 15 50 2000 - - 30 500
Rank 10 4 7 8 9 6 3 1 2 5
Fﬁﬁztss 0.08012038  0.051199224  0.1118227 0.0621 4.149E-04  7.09E-03 NA 3.5365E-04 NA 4.00883E-07
F Mean 0.101107447  0.115097773 NA NA NA 1.71E-01 NA 3.3026E-03 NA 0.029213071
06
Iteration 500 500 1500 1500 50 2000 NA - NA 300
Rank 7 5 8 6 3 4 - 2 - 1
Fﬁsztss -6622.341335 -4398.981 -27722E+03  -1.2255E+03 NA NA NA NA NA -6622
F Mean -6622.205212  -4326.620213 NA NA NA NA NA NA NA -5111.84693
07
Iteration 500 100 1500 1500 NA NA NA NA NA 300
Rank 3 1 4 5 - - - - - 2
Fﬁsztss 0.002468744  0.02168926 0.2548421 0.1979254 NA 2.34E-01 0.000 0.0000E+0 0.000 0
F Mean 0.002468756  0.051412267 NA NA NA 2.71E-01 1.047E-5 1.1842E-16 0.000 0.0001836007
08
Iteration 600 600 40 40 NA 2000 - 30 600
Rank 5 6 9 8 - 7 3 2 1 4
Fﬁr?:tss 0.272956616  0.40067189 0.74085 0.190133 8.881E-16  4.74E-03  8.882E-16  1.2250E-09  8.882E-16  4.44089E-16
F Mean 0.290366715  0.46082013 NA NA NA 9.95E-03 2.817E-9 2.8492E-09  8.882E-16  0.144813252
09
Iteration 600 300 60 60 50 2000 - - 30 300
Rank 6 8 7 9 2 4 3 2 1 5
Fﬁsztss -1.031627021  -1.031610741 -1.313 -1.0316 NA -L.03E+00 -1.0316 - 1.0316E+00 -1.0316 -1.031605582
F Mean -1.031627021  -1.031263643 NA NA NA -L.03E+00 -1.0316 - 1.0316E+00 -1.0316 -1.031143216
10
Iteration 200 400 200 200 NA 2000 - - 30 300
Rank 3 2 6 5 - 4 7 7 7 1
Fﬁsztss 3 3.000070107 42797 3 NA NA 3.0000 3.0000E+00 3.0000 3.000049729
F Mean 3 3.020137099 NA NA NA NA 11.6056 3.0000E+00 3.0093 3.014742468
11
Iteration 600 500 180 180 NA NA - - 30 600
Rank 1 5 6 7 - - 10 2 3 4
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Fo1 Best Fitness 0.299721559 0.004393037 0.78157 3.5678E-5 0 2.34E-01 0
Mean 0.307516644 0.00740416 NA NA NA 2.71E-01 0.016990052
Iteration 125 75 100 100 50 2000 100
Rank 5 4 6 3 2 7 1

Fo2 Best Fitness 0.241643497 0.838411232 0.9676 7.7417E-06 2.005E-171  7.90E-03 1.5045E-192
Mean 0.24170106 0.842991994 NA NA NA 2.64E-02 0.478550357
Iteration 100 50 100 100 50 2000 100
Rank 5 6 7 3 2 4 1

Fos Best Fitness 9.70655E-11 1.04317E-06 0.655158 0.162 NA NA 0
Mean 3.60612E-11 0.000340063 NA NA NA NA 0.000117649
Iteration 25 100 100 100 NA NA 75
Rank 2 3 4 5 - - 1

Fos Best Fitness 0.065271235 7.86638E-09 0.241219 0.0607 2.867E-01 4.95E-07 4.94762E-07
Mean 0.065271235 0.00063436 NA NA NA 3.02E-07 0.000434898
Iteration 75 125 100 100 50 2000 75
Rank 3 1 5 4 6 7 2

Fos Best Fitness 0.278806545 0.002564626 2.6550E-01 4.8813E-01 2.147E-01 3.05E-1 0.032176009
Mean 0.303075779 0.00508962 NA NA NA 3.22E-1 0.074131302
Iteration 125 75 100 100 50 2000 125
Rank 3 1 6 7 4 5 2

Fos Best Fitness 0.030549602 0.05363214 0.1118227 0.0621 4.149E-04 7.09E-03 5.01441E-05
Mean 0.036790846 3.443678317 NA NA NA 1.71E-01 0.020729725
Iteration 125 25 100 100 50 2000 125
Rank 4 6 7 5 2 3 1

Fo7 Best Fitness -6018.908444  -4752.276172  -2.7722E+03 -1.2255E+03 NA NA -3955.828405
Mean -6018.873283  -4750.553652 NA NA NA NA -5722.855572
Iteration 75 75 100 100 NA NA 25
Rank 3 2 4 5 - - 1

Fos Best Fitness 0.000960591 0.023223761 0.2548421 0.1979254 NA 2.34E-01 0
Mean 0.000960601 0.044435022 NA NA NA 2.71E-01 0.01401398
Iteration 125 50 100 100 NA 2000 50
Rank 2 3 6 5 - 4 1

Foo Best Fitness 0.123406471 0.96315151 0.74085 0.190133 8.881E-16 4.74E-03 4.44089E-16
Mean 0.123773205 0.00049802 NA NA NA 9.95E-03 0.10675032
Iteration 125 75 100 100 50 2000 75
Rank 4 6 5 7 2 3 1

Fio Best Fitness -1.031627754  -1.031621282  -1.313 -1.0316 NA -1.03E+00 -1.031619191
Mean -1.031628204  -1.031372962 NA NA NA -1.03E+00 -1.031368772
Iteration 25 75 100 100 NA 2000 100
Rank 5 2 3 6 - 4 1

Fiy Best Fitness 3 3.000127765 4.2797 3 NA NA 3.000040154
Mean 3 3.013634645 NA NA NA NA 3.015433388
Iteration 125 25 100 100 NA NA 100
Rank 1 4 5 2 - - 3
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