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Nature has always been a suitable model for humans so
that researchers can model the body structure and
movement model of animals and biological behavior of
creatures, creating algorithms that are inspired by them
and can be used to optimize and solve complex problems.
The Alibaba and Forty Thieves algorithm is one of the meta-
heuristic algorithms that is inspired by the story of Alibaba
and the Forty Thieves. In this algorithm, the city where the
story takes place is considered as the search space and the
thieves act as the search agents. Also, Alibaba is considered
as the target and optimal answer to the problem. Given the
breadth of meta-heuristic algorithms and their wide
application in various fields, it seems necessary to
investigate the performance of such algorithms. This paper
aims to compare the performance of the Forty Thieves and
Alibaba algorithm with seven other algorithms including the
Herd of Horses, Harris's Hawk, African Vulture, Ant Lion,
Bat, Firefly, and Whale optimization algorithms. The CEC
2017 standard function set and three criteria such as best
solution, standard deviation, and average execution time
have been used to evaluate the selected algorithms'
performance. The simulation results indicate that the
African Vulture and Harris's Hawk algorithms performed

significantly better than the Forty Thieves and Alibaba algorithm, as well as other algorithms, in most
functions. Overall, the performance of the Forty Thieves and Alibaba algorithm is better than that of
the Ant Lion, Bat, and Firefly algorithms.
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Ali Baba and the Forty Thieves (AFT)

2 Moth-flame Optimization Algorithm (MFO)
3 Crow Search Algorithm (CSA)

4 Grey Wolf Optimizer (GWO)

5 Fuzzy Logic Algorithm (FLOA)

6 Ant Colony Optimization (ACO)

7 Particle Swarm Optimization (PSO)

8 Gravitational Search Algorithm (GSA)

9 Genetic Algorithm (GA)

10 Differential Evolution (DE)
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>Horse herd Optimization Algorithm (HOA)
SHarris Hawks Optimizer (HHO)

7African Vulture Optimization Algorithm (AVOA)
8Ant Lion Optimizer (ALO)

°Bat Algorithm (BA)

Firefly Algorithm (FA)

“\Whale Optimization Algorithm (WOA)
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Table 1: Values of some basic parameters of the algorithms

Algorithms Parameters Value
AFT Marjaneh Rand[0,1]
Hierarchy factor for f, y 09,05
Sociability factor for B, y 0.2,01
HOA Imitation factor for v, & 0.3,0.3
Defense factor for B, v, a 0.2,0.1,05
Roam factor for vy, & 0.05,0.1
® 0.999
Light Absorption Coefficient,Attraction Coefficient Base
FA Valu, MutationCoefficient, Mutation Coefficient Damping 1,2,0.2,0.99
Ratio
ALO antlion by rolette wheel, best antlion so far Rand[0,1] , Rand[0,1]
WOA Convergence_curve zeros(1,Max_iter)
BA Loudness, Pulse rate 0.9,0.6
AVOA L1, L2, w,P1, P2 P3 0.8,0.2,2.5,0.6,0.4,0.6
HHO B 15
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Figure (9): Convergence curve of algorithms in the function F1 and dimension 10
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Figure (10): Convergence curve of algorithms in the function F2 and dimension 10
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Figure (11): Convergence curve of algorithms in the function F3 and dimension 10
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Figure (12): Convergence curve of algorithms in the function F4 and dimension 10
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Figure (13): Convergence curve of algorithms in the function F5 and dimension 10
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Figure (14): Convergence curve of algorithms in the function F6 and dimension 10
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Figure (15): Convergence curve of algorithms in the function F7 and dimension 10
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Figure (16): Convergence curve of algorithms in the function F8 and dimension 10
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Figure (17): Convergence curve of algorithms in the function F9 and dimension 10
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Figure (18): Convergence curve of algorithms in the function F10 and dimension 10
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Figure (19): Convergence curve of algorithms in the function F11 and dimension 10
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Figure (20): Convergence curve of algorithms in the function F12 and dimension 10
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Figure (21): Convergence curve of algorithms in the function F13 and dimension 10
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Figure (22): Convergence curve of algorithms in the function F14 and dimension 10
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Figure (23): Convergence curve of algorithms in the function F15 and dimension 10
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Figure (24): Convergence curve of algorithms in the function F16 and dimension 10
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Figure (25): Convergence curve of algorithms in the function F17 and dimension 10
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Figure (26): Convergence curve of algorithms in the function F18 and dimension 10
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Figure (27): Convergence curve of algorithms in the function F19 and dimension 10
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Figure (28): Convergence curve of algorithms in the function F20 and dimension 10
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Figure (29): Convergence curve of algorithms in the function F21 and dimension 10
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Figure (30): Convergence curve of algorithms in the function F22 and dimension 10
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Figure (31): Convergence curve of algorithms in the function F23 and dimension 10

ol 0,650 el Lo o Slos 098 0 oalive Fglite gl «(Y)) IS F23 1l a0 bgsye ol Kad jloges oyl 5o
0,950l 0 0 Shas 1 pou el 5o el o 0ols lis Zaogas o] ol Sen ciomie b Lo ;651 plo b dvslie 10 (o ,o

3l sl S o 08 4 ol 5l o g (2l BT WS S
oo cpals g ol BT S S slap oSl Yﬁw FTUFL 255 @y ;0 a5 wimo oo 0l ply (02 Son sl jloge
Joez g bbde 00,65l ol Koo e pr wilgs cpl o aslasils 1y 0 Sdee op Sos las g 4z je0 5l (slaei )98l g (o i
ool 5 sl 31 o5 S ot 5 o Shae 55 FI3 6 FB g paizr ey ot )3 |, oo b s 45, 39
i 935 e 5 Ubale iz, 8 Shoe ot |Kad Uz oS0l 8)lyn 5 (o 53 domil 5 ol 0331 e o
lSen 3 Shas 3)lge 15T 45 a5 wms e HLis F23 B F14 oS5 sy o ,Sen ol )loged ooy s ol 03905 canslio
TIN5 29SS @i b wlss gl avslie bl o5y g 00l sy Sl 531 ol 51 o (el o oSl



F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

F12

F13

Time

Sl Pl -l 251 e -5 s aable 15818 sl w08l (00 b 3js oz 9 b (e ool o Shee oy T

=S 5 @l o 5o piu, el cpl s 8 Sas 5l lis ol g el ool | Kae wilgs 51 auo 0 YT jo Ladd o30 Joz g LL e
onl el S ey cpaalis g ol BT WSS slapi ,35l 4 o Lb e g 850 o ool cirs 8 ,Slee 3 ls
Wlgs o ol 5 il (598 BIS ojlasl & Vg 0 o ype 5 Ve po Jol yo Lbide 5 550 Joz piu oSl a8 ail Lo
B9l 2, RKen ;0 uiS L o sldaigy o olidl 5 a4 i

gV g Ve slaylySS 5o bt 58Ul (oalad sl ol (V) Jgozr ) 00d (gms sl 531 &gl slo el 2 et
Shero Bl sl el s sl )lere sl (g 5lwand bl il sod (g5lwans F23 B FL wolgs gl p Yo g Ve Ve ol b
loads Jolod g po g Cod alilaz &j90 0 (7)) 5 (0) «(F) «(1) Jsha o Lo 580l sl (e s

(s 257 ooty <S5 @l Vo am bV e S50 Lo oy ysSUl o Shoe oY Jgazx
Table 2: The performance of algorithms in repetition 100 and dimension 10 (monohedral, polyhedral functions)

AFT HOA FA ALO WOA BA HHO AVOA
Best sTD Best STD Best STD Best sTD Best STD Best STD Best STD STD
003192 003637 gos53 13273 22956 96.895 47896 251.93 1.1775¢-24 1.238e-23 2479.9 11287 5.6455-09 2,0839%-09 14829e59  2.56856-59
019325 015544 25104 12957 45511 0.028656 10473 0.27881 9.8199-15 9.2454¢-15 27175 20,045 8.2395-00 2.54176-09 22326027 38661627
28285 17464 27399 4184 594.38 198.07 6608.9 858.24 2650.7 144238 5666.9 42408 9.34846-09 7.363¢-10 22682640 3.9286e-40
1005 073945 9.8 39449 14502 2.8528 38,542 19.057 25813 10692 43.461 6.7465 6.0988¢6-09 2.5266-09 49674631 8571331
304.2 61489 30766 6304 15291 1366.2 26288¢+06  2.0001e+06 8.1942 0079619 3.0210e+06  3.9429¢+06 0.1791 0.29123 000037869 0.00035869
000603 0004Z 4034 65762 32616 33.359 4864.6 936.96 0.1166 0.10068 43188 46054 0.0011106 0.00040779 1510305  1.62606-05
ooa3s 00N g1az OO 00D o107 1.0243 0.73203 0.0502 0.0024252 0.26948 0.22908 000033348 000018062 0.00022965  0.00012599
26512 12571 15243 14807  -263L5 155.9 18218 1307 3505 111.19 19264 18505 12861 19061 68.663
18949 45183 89.062 97035 47932 27432 69.885 17515 55219 11865 2289 12765 1.99336-09 1.77436-09 0
16383 060694 19908 020211  17.931 055658 1658 0.80678 31162012 26177e-12 14678 23728 6.31886-09 1.2243¢-09 4.4409-16 0
oazz1 o3z 17256 OO0 2665 0833 34.222 5.8456 0.027448 0.0079645 51.751 17.901 4.6281e-09 3.2077¢-09 0
097925 070265 43278 02914 12543 39001 4669e+06 158926406 0.066894 0024609  15448e+07  19904e+07 000056407 000087688 00067426 0.011676
15088 24141 79603 35063 18557 9.8304 131866407 1560e+07 0.16521 0000832  9.5054e+06  8.3157e+06 0001435 0.0011482 1451306 1.1257e-06
0.3213 02134 1.6086 05652 0.03876 0.05217 0.17824 0.038782

S5 5 Ve am b g FI3 5 AT o Jilinl sl 51 solizol b bz )sS ple b amglio 1o 030 gz 5 L e o255 5,Skee
L8l 858 o580l a0 g i a5 el oads SLT(Y) Jgaz 50 (bl ol @l el 48,5 )18 gy 0550 ) 0
sla a5, ;0 a0 Bl jlre Szl (n eS g Gl (o e Sl (g Wiz @l BT ,0 5 ey SOl pled o
Fom Sl 25150 950 doz g Lhide poysl S (o0 )18 Sewd b g e 0eals o o )s8)l Voone (s
Sln a5 900 (oo Glas b (2l 05T oy 1) Gy Gy el S 5 e el R BT S sl 55
90 o i ;o8N plo 5l g 009 oy ;K00 ok yo8) a0 Shes 51050 oz 9 Ll (e o )s5l o Shae ks (n e 8L
(sl Bl S5 & S (s 9 k79T s 5o Ll e 9950 oz e sl iciend 0 Shes el ooy g o 2

1 Exploration
2 Exploitation



F1

F2

F3

F4

F5

F6

F7

F8

E9)

F10

F11

F12

F13

Tim

Y \-¥- N F-F )L@/Jj‘ O)Lo.:)/Jﬁl Ju/@wﬁiﬂ ul.».ul;ua ol 233593 Lgl.mw)o e s ‘_g)leéd..L?u

55 pae g gl Sloclat & Conlin gt ol B )0 Shnd )lop0 e Jdo 4 Vol Sk g e (neald
&5 ol 5o e 0,Nee YL 6 pdy ek g Foausms (b s a4 lapi oSl ol Blie )0 ] Come jo (SIS
w ) el pley o teS o )ls elaidl (Alid g az g0t sl o )o8Il 4 S cnl 5o Shes o N )ls w5
O oo ) ik sy 050 oz g LL e ok psfl caz cul 5lanil e Ll ilas 5 oli 8T LSS oS sla o 565!
o, les a5 28 5 aml (lgd oo 00 Lo 0jlae A dzgi Lol sed cewlio o Sles aS 5 ls 0al sy sl St
o5 el 00l gy slo w2580 Ol 3 L2l Glej 5 g 0ud o Gl Cn e SRS 51058 ke 9 Ll (e )oYl

s ol BT S8 o U ) 0 Shae o g L

(73 27 ots ST @ls) Voo b Ve S50 b o oS0l s Shee oY Jgur
Table 3: The performance of algorithms in repetition 1000 and dimension 10 (monohedral, polyhedral functions)
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Table 4: The performance of algorithms in repetition 100 and dimension 20 (monohedral, polyhedral functions)
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Table 6: The performance of algorithms in repetition 1000 and dimension 20 (Omonohedral, polyhedral functions)
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Table 5: The performance of algorithms in repetition 100 and dimension 30 (monohedral, polyhedral functions)
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Table 7: The performance of algorithms in repetition 1000 and dimension 30 (monohedral, polyhedral functions)
AFT HOA FA ALO WOA BA HHO AVOA
F Best sTD Best sTD Best STD Best STD Best STD Best STD Best sTD Best sTD
FI | 0483010 1402110 2211817 SS2F 145 0.36609 30630 24407 1.09%%e- 0 17226 61759  11397e-09  11523-09 0 0
E2) 00074918 00003182 80502 36048 77.906 107.31 1e71es07 230 25020 3.395¢-140 91.98 2513 563186-09  3.3224¢-09 Lazoie: 0
F3 16201 13992 9961.5 19484 27.247 6.2741 39966 13555 882.76 12462 34390 14195 7791410 4.6796e-10 0 0
F4 14.963 1212 arone13 31 14308 0.16319 58.306 0.9614 46.964 9.5844 54,981 90854 39002000  1e01ge09 U 0
F5 28324 15338 29.003 00185 g7 163.46 s0seror  O3% 26,771 0.12556 2.97466+06 23012 00041120 00062492 74748006 9914306
F6 | 1349908 16015608 72721 03223 13181 0.86051 30380 27179 0019073  0.0030483 24674 11136 000013601 000012315  39319e-09  2.2007e-09
001887  0.00062
F7 0.069513 0.014751 0.058005 5 oo 0.00013624 31.077 11700 00012298 00005651 1.1147 064565 2673305 2214505 35795605  4.2843¢-05
F8 84817 975.02 -3086.9 28141 63716 167.183 -3034.8 316.28 12345 11317 -3800.4 951.75 50675 606.44 12451 206.02
Fo 75,617 8.4425 298.78 34279 17895 22.469 34321 25,015 0 0 179.1 94272 5050909  4.582¢-09 0 0
F10 347 1.6308 20516 008581 20012 0.040834 19.118 015142 5773215  25121e-15 15.738 0.9845 5.49e-09 26742609 4.4409e-16 0
F11 | 0014761 0.010416 21357 13012 11391 0.0046677 32675 49.112 0 0 204.47 34983 1152909  101386-09 0 0
F12 3.8012 53757 14711 79848 16.046 1.7069 1.0087 RIS 2S5
) ! ; | S : 0087e+08 = 00057582 0.0054699 12756407 el 11535¢-06  6.3328e-07 2570010  1.5061e-10
F13 0.44769 061759 9.0051 61373 062454 0057198  24908es08 2S00 0.3128 0.28414 3.7987e+07 2T7%% 2819405 14814605 62571610 5.926e-10
Vi 12137 2.1863 26.168 50.884 0.6547 05926 12018 05291




\Nd \-¥- N F-F )L@/Jj‘ a)LoaiB/J5‘ JL..:/L;o.u”i” ul.».ul?v.oj ol 233593 Lgl.mw)o e s ‘_g)leéd..L?u

9 sk Bl s oyt Sleas s 3 V0o SS9 Y am b FIZ G FL gl > 5 o o580 2 ,Skee (V) Jgae
e b 55 55 a3 U e w18 Shas g o i 550 pla b gl 3 ms e ol 2] e (i
38kas 0 5oy ceizman 3505 (o0 58 90 4y )0 (i Bl S S 05Nl 5l ey 45 Bl (o FB 2 o 4 by Sy
FB b s el o091 s |, 4k omly (54 (s 45 59l 3l on FB 5 F7 sl 5 g il 58 o ]
o ddy )0 9 03,5l Sy | o sl (i 00d gy Sl e2 sl Glee 5o (i BT WSS 0,58 @y ol o
6l ate ol b o )5S Rl b ol 50 955 ez 5 Lk (e o, 1o S8 i b s o el o 5550 Vg
ool Al 12 oS (gom ad; 50 g S g Az 50yl o sVl Ygess | alge slo Gl (n o el 005l ey
5 Pl b @ oSl g @ Cnl oly Cre 5 00,5 oo Ll S 50 4 FB &l nl 952 L il 005 gy
21 e rSion 1508 (5 B 3 i AT o5 2,950 o s oSl e 5 ol ol ot a2
ot sl il 353 e 5 by e 550 155 slaes 5L o ans e s 0) 5 ) i ol gl il o

oW 00)51 Cewdo ‘) 6)4

Table 8: The performance of algorithms in repetition 100 (F14 - F23 functions)
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Table 9: The performance of algorithms in repetition 1000 (F14 - F23 functions)

F14

F15

F16

F17

F18

F19

F20

F21

F22

F23

AFT HOA FA ALO WOA BA HHO AVOA
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