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8 Bat algorithm

9 Glowworm swarm optimization
10 Gray wolf optimization

11 Butterfly optimization algorithm
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A random set of rabbits denoted as X; is generated (population generation).

The X; are evaluated

Fitness (Fit), and X, are the optimal solution achieve thus far.

while the stop condition isn’t satisfied do
for each X; in population do
The factor A is calculated using Eq. (13).
If A>1then

A rabbit randomly is chosen from population.

The R is calculated using Eq. (2).

Detour forging is performed using Eq. (1).

The fitness (Fit;) are calculated

The position of the current X; is updated using Eq. (12).

else
d burrows are generated using Eq. (7).
One of burrows randomly is picked as hiding
Random hiding is performed using Eq. (11).
The fitness (Fit;) are calculated
The position of the X; is updated using Eq. (12).
end if
The current optimal solution found thus far (Xp.s:) is updated
end for
end while

Return Xpes¢
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X1 X2 X3 X4
F(v) 8.1
X1 X2 X3 X4
F(x) 3.5 6.1 6 2
MT X
— 0 0 0
0 —00 0 0
i 0 0 — 0
0 0 0 —oo
(quri))]
X1 X2 X3 X4

F(v) | 81 43 | 89

X, X, X3 X4
F(x) | 35 | 43 6 2
MT x]'

—0 2 1 0

1 —oo 1 0

i 0 1 — 0
0 1 0 —0
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Xy X, X3 Xy
F(v) 8.1 4.3
X1 X2 X3 X4
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X1 X2 X3 X4

F(v) | 81 | 43 | 89 15

X1 X2 X3 X4
F(x) | 35 | 43 6 2
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0 1 0 —0

(>)

(MT: MEMORY TABLE) alal> J g 5 Shas o g6 51 Jia1(3) S

53 MM ot Ol e G 4 e A s g o
el dodom G e | Ll e SIS B0 e
(- (3) JS2) O ams s 45 .l L3 e 51 28 0
(a7 5l k) G 3) 50 50 alidl g 550 0 Jol
Slgig Sy S ad gl ey S gl il 50
el sal (4) I s

SVsles oK J>= sl sledn sy 3l eslatal aslsl s
L o st e V¥l ol&iws sl ol aslscﬁdb}ﬁb
LS B s

f1(x1, %2, %3,

X)) =0
Foe1 2 %3, 2) = O

(14)

o

fm(xl,xz,xg‘,...,xn) =
EVslae oxs SVslas sl M 5 e ke sl 1 0T s &S
o= e s CVslre oSKis L ol ol s 8
o 258 O3 (Sileting s S0 w1 oS
=S 53k (16) L (15) Ly, S

.g;.“\fi.,aj_\ﬁi=1;@:))bﬁbuxvm&g\gpjl{
SFG) 30 @b tie o 2eS L gl ol cpl 2l
DAl e 3 5b 0 ] = A s ) )3 S 3y Al T
ol e ar g bl a s Cadse (0= 1) i Jule
=L e e O Lol S e 55 (1) el s G =4)
abil> Jod Jol Ot 5 Conl 3 lde 31 i 5l
by o 53 e op e Gl e (G 4 palie wen
s el i =2 (o (3) UK s S e g 5l
I 1y Slde o i O gt o il adadl> J gl NJJE.AJJ
313 35y DlMe iy 3550 o Sipl a5 LS e
5 Uie p 2eS g oS e bl T 0L 511, j = 4
a5 bpod Samiear Jolo Candpe plple a)ls 1 A5l
s 235 50 33 (1) sl s poler G oo«
bl Jads s g Og s e Sl e s

Dy Ao

rmad 5 Kispd o i Aol Kabg e o 533l se 4



191 s 50 ARO (o a5 ﬁi_,ﬁlbdl”-,& SVslas oKy g3de J;-/é}:aj‘}?'- El5p S f s g

A random set of rabbits denoted as X; is generated (population generation).

Create a 2-dimensional array for memory table (MT) with size (population size, population size)

The X; are Evaluated

Fitness (Fit), and X, are the optimal solution achieve thus far.

while the stop condition isn’t satisfied do

Setting the diameter of the MT array to negative infinity

for each X; in population do

the factor A is calculated using Eq. (13).
If A>1then

Finding j index using memory table and fitness value
The R is calculated using Eq. (2).
Detour forging is performed using Eq. (1).
The fitness (Fit;) are calculated
The position of the current X; is updated using Eq. (12).
The current optimal solution found thus far (Xp.s:) is updated
If Fit of current optimal solution < Fit of X,
Increase by one in ith row of MT
Set zero to selected agent in MT
Increase by one corresponding column of the selected agent in the MT
else
Increase by one in ith row of MT
Set zero to selected agent in MT

else
d burrows are generated using Eq. (7).
One of burrows randomly is picked as hiding
Random hiding is performed using Eq. (11).
The fitness (Fit;) is calculated
The position of the X; is updated using Eq. (12).
The current optimal solution found thus far (Xp.s:) is updated
end if
end for
end while
Return Xp,s:
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(2x; + x, + x3 + x4, + x5 =6
Ix1+2x2+x3+x4+x5=6
4x1+x2+2x3+x4+x5=6 (17)
|kx1+x2+x3+2x4+x5=6
X1XyX3X,Xs = 1

3 aS Hboles ol 2<%, <2,i=1,..,5 00 3 o
26 e sl (o3l (B s e el (1) dpos
o 3 Shas ot S das [2alS L2E-18 U1, 5l
skasolis 21 05 53 ES el odd acslie slanz ;5K
Slaia (5) IS s e el SV lae olKis 585 g
IS8l 53 dms e ilas cile a5 s 5l 6

358 o odalie IARO L ss s Shes

10744

1077 A

Ul Slas

10710 4

10713 4

10-16 4

0 200 400 600 800 1000
S5

23S okl S¥alee ol 55 glas lude 15 50 (5) S

02 2050 Sers N 1 15 B S gla,l S5
.mﬁ&s_j{ﬁJ}@?u)L@?Q\)ﬁjQYJ&AeK&AJ:ZA)}a
4

X; — cos 2xl-—ij

=

=0 1<i<4 (18)

S ysbolas .ol 100 < x; £ 100,i = 1,..,4 Of 5 &
Sl ansl s golgiin s s e oalin (2) Ui s
o 3 kes op xg 45 das a8 44E-33 L1, 5l gl
Fre 3 4 S Do po i3 el ol gl (slaen 5 ST
J= sl b (EWN) @IS s 05550 ol 55, [39]

3 Efficient weighted-Newton

203-184 wio 1 o )les 14 A 5 Sl . /192

3 g oo oalinal (IARO {,.:J_ijj\)

o dm i sl Jole LB e hsy ST
il w5 e O 3l ey K o a3l B3l
3y o asloms (16) L (15) wls ) eslinal L ad sl Comar
Sl S 53 3450 83,5 1ARO o S gy
S5 T gl 331 @b Dlis sl 4 5L STIARO
DS 2 53 g g e o5L 53 (17) L (16) ml 5 b il
a3 5 358 e JLES el S5 sles Sl &S OLL b2
5 b DLl o) s S il sl 1SS slans Sl
A a8 e ST s e bole (i Sand s
Sy el s o SVsles oius ol

=W bl 4

10 oleming S 2 Shos (s 6l i 0l 2
ol s o i opl ) el b S Vsles oKz
Glaaas o3 oa3ls gz 53 o b SVslee (glaolSans
2 [35] [34] sl 3 5 515 ey s g0 ord kig
L e sl 20 qnlgnig o S s Shas 383 )
s Sl L 0T ke s 5 4 S plowil (oalgniy g,
doslie 3550 kS mls s ool s w0 oo B gla > b
L (IARO) 48l 35 055 S pizman ol w3 S )3
CS ; BAT GWO [36] WOA . GA ARO (sLs.z ;5
el S5 laen, Sl 455 13 acslis 5,50 37]
A Gilwang L b glal g s,

Ol (o 55l 0L 51 oSl 3 e S (55l (sl
CPU |2l 550 olSiiss oli3ls s Cpwizeas .ol ol enlizal
s ) sladS moe A3l 2 4GB ¢, L Corei3 2.44 GHz
35 ol o tws BB o gas oy gm0 i L
Slass 5100 5 55050 aes 53 5805 02 S Cona
el o a5 551000 L1 2l S 1SS

[38] sl o e Voo oKy Ll 5550 0l 1L 5 90

! https://github.com/alihamdipour/IARO-NES
2 Maximum Iterations
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(xt +x3 =1

ix% +x2 =1

{xsxg?; + x.x3=0

| xs5x3 + x4x3 =0

| xsx,x2 + xo2,%2 = 0
XsX3X? + xgx,x2 = 0

3385 5 boles .o -10< x; <10,i =1,..,6 Ol 3 a8

(19)

e wil s oalgmtn Jha) o pbe etalia (3) s
s Slas o g oS das a8 BTE-14 61, 55l sl
e (7) UKo 53 piomes ol 0 aylio (slaa 5 S
ol 3 das e Sl cilke sl S5 s al s sl

35 n sdalie IARO gt 5 Shee IS
oS o Dsgme o3 Ly s S¥slee olKis 14 s g0

x, — 0.25428722 — 0.18324757x,x3%y = O
x, — 037842197 — 0.16275449x,x,0x; = O
x; — 027162577 — 0.16955071x;x,%,p = O
x, — 019807914 — 0.15585316x,%,x, = O
xs — 044166728 — 0.19950920x,x,x; = O
x, — 014654113 — 0.18922793x4xsx,0 = O
x, — 042937161 — 0.21180486x,x5x5 = O
xg — 0.07056438 — 0.17081208x,x,x, = O
xo — 0.34504906 — 0.19612740x;,xsx5 = O
X0 — 042651102 — 0.21466544x,x5x, = O

(20)

elf:_w.sA_(;{\A_zo_-}?Lg.w\ 03,5 b yme OYsles oKws
le.&ub;— LJ)\.,\:: é:;b u\j} PRy WS u]a;-)& NYolas
03,51 (2) Jsd= 55 50 EWN g, b Vsles oK oo &5

DL IARO g_)j_>- 2&9(6) JK.Z)JJMQMI\ o
k:»..w‘ oJAL.:;A J{GOM w)féuﬁ)ﬂ\)ﬁﬁbw‘w

1072 4

106

10—10 4

10-14

10-18

Ul Slas

10—22 4

10-26 4

10-30 4

T T T T
0 200 400 600 800 1000
P

53 93 0kt SV¥slae ol 551 las Sl 4l 503 (6) S

02 2050 Sers S 11 B S el S5

VASL;GA_A{JA'J}PLA)L?\J|)).1)QYJ&A°KJ“J3>)"A

(VAR: VARIABLE, ES:EXACT SOLUTION) & o jlad &¥alas ol&iws Jor 51 odal comss 4 o] (1) S

Var IARO ARO GA WOA GWO BAT CS ES
X1 1 0.99995842 0.99499711 1.0787193 0.99945614 1.00021335 0.99499711 1
Xy 1 0.9999571 0.94757832 0.9907849 0.99927208 1.00011296 0.94757832 1
X3 1 0.9999445 0.93808635 1.03625201 0.9998472 1.00009496 0.93808635 1
Xy 1 0.99994348 0.78982767 1.02597104 0.99918784 1.0002526 0.78982767 1
X5 1 1.00023525 0.96599193 0.84346796 1.00254621 0.99917949 0.96599193 1

f  1.2770633E-18 1.2884102E-07 7.9754840E-03 8.4313287E-03 3.4365138E-05 4.6162474E-08 1.7097578E-10 O

9 O)Lo.:o Vsl oKaws J> }‘ o.hi Cwd & @L"a (2) J}J?

Var IARO ARO GA WOA GWO BAT CS EWN

X1 0.51493326 0.51493352 0.58480692 0.51242665 0.5147858 0.51486608 0.39216094  0.51493326
x,  0.51493326 0.51493352 0.41199934 0.51304262 0.51503343 0.51505878 0.48620573  0.51493326
x3  0.51493326 0.51493352 0.47076047 0.52146724 0.51485113 0.51488535 0.65701088  0.51493326
xs 051493326 0.51493352 0.43630517 0.51275569 0.51500014 0.5149187 0.47772335 0.51493326

f 4.4681575E-33 3.1301764E-09 9.8500520E-03 2.4871264E-05 3.7962488E-08 1.3453352E-08 2.6160838E-09 -




Aw O)Lo.:o Vsl oKaws J> }| o.hi Cwd & @b’a (3) J‘,J?
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Var IARO ARO GA WOA GWO BAT CS
X1 0.86592896 8.87390218E-01 0.88297998  -9.61127510E-01  0.14778358 -0.95318194 0.8163401
Xy 0.9904602 -4.46170492E-01 0.2535923 -8.46879815E-02  0.14781548 -0.53215372 0.0167982
X3 0.50007801 4.61019089E-01 0.62833815  -2.76125807E-01 -0.9889309 -0.92684248 0.51176833
X4 0.13323532 8.94947983E-01 0.91608268  -9.96444958E-01  -0.98905092 -1.75210087 0.8143668
X5 -0.0611113 4.31877427E-42 0.30043738  -0.30127510E-01  -2.57657861 9.26710673 0.31846923
Xe 0.05581324 2.20118609E-41 0.0625095 -8.9688815E-02 2.57574712 1.72921022 0.03644078
f  3.78919573E-14 5.88633622E-13 3.16679253E-02 6.39473536E-04 1.09311551E-05 2.88106683E-03  0.002881066
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400 1000

4,731 x 107 3x,x; — 0.3578x,x; — 0.1238x;
+ x, — 1.637 x 1073x, — 0.9338x, = 0.3571

0.2238x,x; + 0.7623x2x; + 0.2638x, — x,
—0.07745x, — 0.6734x, = 0.6022

A

Xgxs + 0.3578x, + 4731 x1073x, =0
—0.7623x, + 0.2238x, = —0.3461

x? + x5
x3 +xj
X2+ x2
xZ + x2

=1
=1
=1
=1

(21)
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Sl oled SY¥sles oK J= 3 sdel o & @L’J (4) S

Var IARO ARO GA WOA GWO BAT CS FASA
X, 0.25783339 0.25783339 0.0125144 0.25797826 0.2579793 0.25800869 0.0125144  0.2578334
Xq 0.38109715 0.38109715 0.16286594 0.38117908 0.38134709 0.38145555 0.16286594  0.3810972
X3 0.27874502 0.27874502 0.69335026 0.27884696 0.27892543 0.27839438 0.69335026  0.2787450
X4 0.20066896 0.20066896 0.23189673 0.20080711 0.20079768 0.20078828 0.23189673  0.2006690
X5 0.44525142 0.44525142 0.62170693 0.44512692 0.44532774 0.44482351 0.62170693  0.4452514
Xg 0.14918392 0.14918392 0.31181227 0.14920295 0.14923197 0.14930236 0.31181227  0.1491839
X7 0.4320097 0.4320097 0.54014274 0.43212387 0.43220142 0.43177881 0.54014274  0.4320097
Xg 0.07340278 0.07340278 0.15748612 0.0736315 0.07351296 0.07350713 0.15748612  0.0734028
Xo 0.34596683 0.34596683 0.30485177 0.34574249 0.34610746 0.34602261 0.30485177  0.3459668
X9 042732628 0.42732628 0.44583852 0.42722305 0.42753504 0.42740308 0.44583852  0.4273263
f 7.1796980E-31 1.5340244E-27 1.0763711E-02 2.9629424E-07 2.9073140E-04 5.9359123E-07 2.6712270E-16 -
= o led OV¥slas o Kius J= 3 ol Cows e @L’J :(5) Jgu
Var IARO ARO GA WOA GWO BAT CS FASA
x;  0.67155426 0.67155426 0.71586707 0.65995277 0.67085728 0.67176862 0.71586707  0.2578334
x,  0.74095538 0.74095538 0.65735549 0.75471194 0.74194709 0.74084692 0.65735549  0.3810972
x5  0.95189275 0.95189275 0.91386614 0.95803792 0.95205429 0.95218588 0.91386614  0.278745
Xy -0.3064313 -0.3064313 0.21095073 -0.2973689 -0.3069533 -0.3063365 0.21095073  0.200669
X5 0.9638107 0.96381077 0.40922854 0.96114208 0.96460567 0.96358805 0.40922854  0.4452514
Xe -0.2665873 -0.2665873 0.14006579 -0.2714958 -0.2645041 0.26687355 0.14006579  0.1491839
x;  0.40464139 0.40464139 0.59394807 0.41662879 0.40463018 0.40467647 0.59394807  0.4320097
Xg 0.91447545 0.91447545 0.47515345 0.90841482 0.91448521 -0.9145035 0.47515345  0.0734028

f 7.8914907E-25 9.2965905E-18 4.6537353E-03 3.2649249E-04 2.8032127E-06 6.0005824E-07 1.9333144E-07 -
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4 Fuzzy adaptive simulated annealing
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5 Hybridizing whale optimization algorithm and flower
pollination Algorithm
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exp(x?) — 8x; sin(x,) =0
X, +x, =1 (22)
(x3—1)°=0
3 aS ysboles .ol -10<x; <10,i=1,..,3 01,3 oS
)\.l._id 4.1_..4.’“}3 ébM uf“ﬁJ LJ‘)A:L;G odalin (6) d).,l;-
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{xf —3xx2=1 (23)
3x,x2 —x3 = -1

534S jsboles ol 10 < x; 10,0 =1,2 O s &S
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ui.i" O)Lo.:o Vsl oKaws J> }| o.hi Cwd & @‘:a (6) J‘,J?

Var IARO ARO GA WOA GWO BAT CS FASA
x;  0.17559892 0.17559548 0.17559548 0.17569517 0.1755909 0.17560379 0.17559548  0.175599
x, 0.82440108 0.82441236 0.81539023 0.82402421 0.82439636 0.82439268 0.81539023  0.824401
X3 1 1.00000971 0.8265568 0.90703918 0.9406832 0.94160713 0.8265568 1
f 0 6.46476289E-12  0.00403971 4.08040104E-7 1.05177479E-8 3.67639377E-8 4.32899427E-21 -

an o led OVl o Kius J= 5 okl s & @L’J (7) S

Var IARO ARO GA WOA GWO BAT CS HWF
X1 -0.2905145 -0.2905145 -1.5157396 -0.2905142 -0.2905053 -0.2905185 -0.3986028  -0.2905145
X 1.08421508 1.08421508 0.90445397 1.08421501 1.08418532 1.08421564 0.60390547  1.08421508

f  1.0846837E-31 2.0126928E-13 1.6224529E-02 5.3373718E-11 2.5162371E-08 4.8935839E-10 1.2533792E-16 -

.m:SL;a@ﬂdwwg\)ﬁjQYJwe@aigg‘,ﬁ

3x; —cos(x,x3) =05
x? —81(x, +0.1)2 +sin(x3) +1.06 =0 (25)

10w -3
exp( — x,x;) + 20x; + —3 =
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3x; —cos(x,x3) =05
x? — 625x% = 0.25 (24)

10w -3
exp( — x,x,) + 20x; + —3 =0

348 ysboles .ol -10<x; <10,i=1,..,3 01 j3 oS
e ail s oalgmtng Jha) o pb e etalia (8) o
Ot 35 (p i oS s a8 i B 251 gl
e (12) JSis oo ol ol anglie lanzy 5 S
ol s e e il il gla)l SO s il gles

S5 e odalie IARO s 5 Shee K

105 4
10° 4 ﬁ
1075 A \ L
10710 4 ‘k
_'Q 10-15 4
9
A | — mro
2 10-20 4
% 10777 — aro
GA
107254 — WOA
— GWO
107304 —— BAT
— cs
0 200 400 600 800 1000
IS

i o lad Yalee olKis 551 glas e ,ls 4es1(12) YKo

02 2050 Ser N 115 B S byl S5 s



203-184 wmio L ojle 14 dlr o 5 Dlialms Al /198

GIN Y O)Lo.:o Vsl NESN J> }‘ o.hi Cwd & @L"a (8) J}J?

var  1ARO ARO GA WOA GWO BAT cs FASA
x; 5.000000E-01 5.000000E-01 9.85042268 050135204  0.50035267 5.0001564E-01  9.85042268 05

X, -AT6460E-11 55022725E-08 -0.2530489  -0.0046484 000226559 -1.269818E-04  -0.2530489  8.9236228E-11
x; -5.23599E-01 -5.235988E-01 -3.0733969  -0.5237138  -0.5235437 -5.236009E-01  -3.0733969 —5.235988E-01
f 0 8.8425891E-13 1.7790688E+01 1.6440982E-05 1.5868346E-05 6.5892494E-08 9.3637419E-22 -

8 oyled S¥slas ol8aus Jo 3l el s 4 s 1(9) Jx

var  IARO ARO GA WOA GWO BAT Cs ES
x; 0500000000 050000000  3.73369126 049816585 050041828 049990648 373369126 0.5
X, -29649677E-18 -4.8461989E-19  -0.5518468  -0.19962032  2.4208896E-04 21153626E-05  -0.5518468 0
x;  -052359877  -0.52359877  0.7353487  -0.52882203  -0.5235929  -052359957 07353487 05
f  17410407E-30 23115346E-19 537458130  5.1422368E-07 3.6062630E-05  1.66056884  7.8708676E-16 0

é&%ﬁdW@b\)ﬁ)QYJwe&“bllé)}ﬂ

(X1 + %X +x3+x,+x5=0
X1Xp + XoX3 + X3Xs + Xgx5 + X1x5 = 0
X1X5X3 + XoX3X4 + X3X4X5 +
{ X1XoX5 + X1X4x5 = 0
X1X0X3Xa F XoX3X4Xs5 + X1 X3X4X5 +
X1XpXaX5 + X1 XpX3X5 = 0
\X1XoX3XX5 = 1

27)
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