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Abstract- In this paper, an improved metaheuristic algorithm based on Grey Wolf Optimizer algorithm is
proposed for solve optimization problems. In the proposed algorithm, the weakest of wolves would be excluded
from the population and included with other wolves from the initial population. The choice of placed wolves
would be random or fitness basis. In this algorithm, the spatial fitness of the particles is studied in each iteration,
and in the case of improving the fitness basis, the wolves are moving toward the target. Otherwise, they remain
in the last fit state. This algorithm is designed to improve the search performance against various issues, increase
convergence speed, and avoid local optimal. Simulation has been done in Matlab software and it has been
implemented with 23 different optimization mathematical functions. By examining the results and comparing the
results of the results obtained from the new algorithm, Grey wolf optimizer algorithm, and several other
algorithms, we conclude that by adjusting the parameters, the performed improvements have a significant effect
on the performance of the algorithm on different functions.
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1.Set the initial values of the population size n, parameter
a, coefficient vectors A and C, and the maximum number
of iterations Maxiter.

2.Sett=0.

3.for(i=1:n)do

4. Generate an initial population Xi(t) randomly.

5. Evaluate the fitness function of each search agent
(solution) f (Xi).

6.end for

7.Assign the values of the first, second and the third best
solution Xa,Xp and Xd , respectively.

8. r is random number.

9. if (r<1-t/ Maxiter)

10. Replace the values of the forth solution with Random
Selected solution, respectively.

11. else Replace the values of the forth solution with Xa
solution, respectively.

12. end if

13.repeat

14.for (i=1:n)do

15. set temp = Calculate each search agent in the
population as shown in Eq. (7).

16. if (fitness(temp)>fitness(pBest))
17. Set pBest=temp.

18. Set newPosition=pBest.

19. endif

20. Decrease the parameter a from 2 to 0.

21. Update the coefficients A, C as shown in Eq. (3) and
(4), respectively.

22. Evaluate the fitness function of each search agent
(vector) f(Xi).

23.end for

24 Update the vectors Xa, Xp and X3 .

25.Sett=t+1.

26.until (t > Maxiter ). {Termination criteria are satisfied}
27.Produce the best solution Xa.

1.Set the initial values of the population size n, parameter
a, coefficient vectors A and C, and the maximum number
of iterations Maxiter.

2.Sett=0.

3.for (i=1:n)do

4. Generate an initial population Xi(t) randomly.

5. Evaluate the fitness function of each search agent
(solution) f (Xi).

6.end for

7.Assign the values of the first, second and the third best
solution Xa, X and X3 , respectively.

8.repeat

9.for (i=1:n)do

10. Update each search agent in the population as shown
in Eq. (7).

11. Decrease the parameter a from 2 to 0.

12. Update the coefficients A, C as shown in Eq. (3) and
(4), respectively.

13. Evaluate the fitness function of each search agent
(vector) f(Xi).

14.end for

15.Update the vectors Xa, Xp and X9 .

16.Sett=t+ 1.

17.until (t > Maxiter ). {Termination criteria are satisfied}
18.Produce the best solution Xa.
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Best score obtained so far

5 10 15 20 25
Iteration

FA-FT olod ST Soro @algh' (bl 2 (g3lwaiate Loz ;o5 duns o — F S

AN 5 (led ST Sme il sl - ¥ Jouo

F1 IGWO PSO GWO MVO MFO SCA SSA
Average 1.1432e-272  1.2776e-09  3.0199e-58  0.29068 0.00059203  0.0070276 1.0044e-08
Median 3.5885e-280  4.4099¢-10  1.2745¢-59  0.26432 0.00010483  0.004511 9.7438e-09
STD.Dev 0 1.9562¢-09  45196e-58  0.11126 0.00072945  0.0058338 2.31816-09
Worst 5.716e-272  4.7281e-09  1.0303e-57  0.47761 0.001675 0.0058338 1.3886e-08
Best 4.7634e-290  1.3684e-10  3.4539e-60  0.18211 5.2987e-05  0.001594 7.6516e-09
F2 IGWO PSO GWO MVO MFO SCA SSA
Average 1.7368e-180  0.0035422 1.6342e-34  0.31232 16 7.8169e-06  0.99632
Median 8.1618e-181  9.3924e-05  1.1717e-34  0.31066 50 1.7386e-06  0.02845
STD.Dev 0 0.0076428 1.5931e-34  0.054097 54772 1.2450e-05  1.3695
Worst 45367¢-180  0.017212 4.0571e-34  0.36748 50 2.9651e-05  2.8557
Best 1.0834¢-183  1.2351e-05  2.6962e-35  0.22655 50 3.2317e-07  0.0055644
F3 IGWO PSO GWO MVO MFO SCA SSA
Average 148366279  14.1758 13129e-15  43.4899 16642.304 2216.8084 226.4108
Median 1.3522¢-289  9.9435 1.1815e-16  42.9632 11223.023 2218.6933 215.4758
STD.Dev 0 9.4485 2.1058e-15  12.5752 11280.968 1493.4594 39.2889
Worst 7.2063e-279  27.8014 4.8938e-15  59.7583 33436.956 4533.294 283.4888
Best 9.126e-306  5.8634 55424e-19  27.4486 5570.4247 427.596 177.3234
F4 IGWO PSO GWO MVO MFO SCA SSA
Average 1.4617e-164  0.59408 1.0485e-14  1.0091 63.0638 20.6086 8.9985
Median 4.9454¢-167  0.65521 9.1786e-15  0.94836 63.4631 21.4773 7.2267
STD.Dev 0 0.26777 7.1873e-15  0.36441 12.7257 11.5037 3.8875
Worst 7.2956e-164  0.90616 1.8649-14  1.6192 79.5883 38.0445 14.6051
Best 6.9376e-170  0.21785 1.7866e-15  0.67291 43.8996 10.128 5.2437

F5 IGWO PSO GWO MVO MFO SCA SSA
Average 25.694 39.8228 27.0937 587.6235 105.6124 60.2053 264.5477
Median 25.7817 26.6348 27.1297 144.9325 114.2848 37.1477 311.1903
STD.Dev  0.14756 21.5368 0.60049 1084.6315 67.5085 42.7658 226.9828
Worst 25.8293 71.065 27.8924 2523.2951 200.7957 127.1971 497.5511
Best 25.4919 23.4629 26.1997 30.3969 29.9192 28.9504 27.6896
F6 IGWO PSO GWO MVO MFO SCA SSA
Average 0.0042¢-10  3.0353e-08  0.49916 0.28208 1980.0502 4.8957 1.3281e-08
Median 7.082e-11 3.1937e-08  0.50208 0.32626 0.00023335  4.6881 1.2306¢-08
STD. Dev  1.3848¢-09  3.9947e-09  0.30091 0.092551 4427.5264 0.36596 3.7733e-09
Worst 3.227e-09 3.3495¢-08  0.98735 0.37668 9900.2501 5.4282 1.9199¢-08
Best 1.9634e-11  2.3921e-08  0.24968 0.18039 0.00012809  4.5592 9.1662e-09
=7 IGWO PSO GWO MVO MFO SCA SSA
Average 0.00082363  0.06209 0.0009236 0.019911 2.7782 0.026065 0.10834
Median 0.00069562  0.064377 0.0009241 0.017606 0.1653 0.011441 0.1118
STD.Dev  0.00027092  0.028916 0.0006354 0.0089398 3.7878 0.033008 0.044389
Worst 0.0012787 0.092623 0.002204 0.030793 8.1534 0.084938 0.16997
Best 0.00059516  0.019071 0.00051079  0.0079608 0.05778 0.0086455 0.063137
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’ : 30 -500,500 -418.9829 x 5
fe(x) = Z —X; sm( |x,-|) [ 1
- 30 5.12,5.12 0
fox) = Z [x? — 10 cos(2mx;) + 10] [-5.12,5.12]
i=1
1 1—n 30 [-32,32] 0
fio(x) = =20 exp( 0.2 —Z x? | —exp (—Z cos(ZmQ)) +20+e
Néai=1 (AT
- N T al 30 [-600,600] 0
fuu(x) = 2000 Zi:1xi l_L:lcos (\/7> +1
n-1 n :
fr2(x) = %{10 sin(my,) + Z (y; — D?[1 + 10sin®(y;_ )] + (v — 1)2} + Z u(x;,10,100m4), y; 30 [-50,50] 0
i=1 i=1
- +le +1 t
B 4
k(i —a)™ x> a
ux;,a,km) =40 —a<x,<a
k(=x; —a)™ X< —a
! -
fisG) = 0.1 fsin?Grx) + ) G = D21+ sin® Gex, + D] + G = 1)1 + sin® @)1} 0 [5050] 0
i=1
n
+ z u(x;,5,100,4)
i=1
" o (2 30 [07] -4.687
a0 =Y sinx). s () m = 10
! - -
fis(x) = [e‘Z?ﬁ(xi/ﬁ)zm _ 26,—2?=1xi2].1_[ cos®x;, m=5 30 [-20,20] 1
’ " " 30 [10,10] a1
fi6(x) = {[Z 1sin2 (Xi)] - exp(—z_ 1Xi2)-exp[—z_ 1sinlelxil] )
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F8-F15 2l Wy Somo @ilgi olsl 2 (g5 lwdinte w2 951 5l dumulio — 7 IS
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F8 IGWO PSO GWO MVO MFO SCA SSA
Average -1.59112e+69 -6301.6911 -6270.5863 -8209.9009 -8878.2546 -3984.3398 -7527.3238
Median -2.31021e+68 -6864.2112 -5946.916 -8358.3583 -8938.9018 -3900.5687 -7649.6914
STD. Dev  2.977547e+69  1607.7409 544.2369 643.6923 1060.3477 348.2189 421.5546
Worst -4.02214e+61 -3656.4306 -5818.4825 -7485.2748 -7590.8205 -3688.7023 -6803.0746
Best -6.88180e+69 -7871.1428 -7087.411 -8896.503 -10390.513 -4580.7495 -7872.7972
F9 IGWO PSO GWO MVO MFO SCA SSA
Average 4.89788e-13 50.3476 1.9867 95.8549 136.7637 12.8653 72.6318
Median 0 44.7864 0 88.7405 144.3396 0.23448 74.6218
STD. Dev  9.53878e-13 10.1594 4.4424 26.1175 39.7835 28.3851 23.9514
Worst 2.38767e-12 66.6622 9.9335 141.392 174.1879 63.6411 102.4804
Best 0 41.7885 0 75.7127 72.6317 0.00010 42.7832
F10 IGWO PSO GWO MVO MFO SCA SSA
Average 8.8818e-16 0.26809 1.5099-14 1.5255 19.1406 12.0029 2.2529
Median 8.8818e-16 8.4004e-06 1.5099e-14 1.2452 19.0157 19.6192 2.3168
STD.Dev O 0.59945 0 1.0424 0.43855 10.9582 0.35784
Worst 8.8818e-16 1.3404 1.5099¢-14 2.9335 19.8625 20.2027 2.6605
Best 8.8818e-16 2.7453e-06 1.5099e-14 0.16281 18.7252 0.0011523 1.778
F11 IGWO PSO GWO MVO MFO SCA SSA
Average 0 0.012814 0.005156 0.6116 0.019953 0.3356 0.0073711
Median 0 0.012316 0 0.63397 0.010112 0.47904 1.0074e-07
STD.Dev 0 0.004738 0.011529 0.087518 0.022883 0.31342 0.012756
Worst 0 0.019719 0.02578 0.70357 0.059186 0.68266 0.029459
Best 0 0.007396 0 0.47179 0.002506 0.00012 5.9051e-08
F12 IGWO PSO GWO MVO MFO SCA SSA
Average 9.0208e-12 1.2482¢-10 0.040851 0.83573 0.51716 0.76745 4.429
Median 1.0028e-12 6.4656e-12 0.039813 0.64241 0.11078 0.73711 4.449
STD. Dev  2.2072e-10 2.5041e-10 0.009616 0.55358 0.82855 0.23089 1.974
Worst 1.0856e-09 5.7186e-10 0.052982 1.7978 1.9479 1.0648 6.403
Best 0.4127e-12 1.756e-12 0.026605 0.40139 0.00025 0.53821 1.397
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F13 IGWO PSO GWO MVO MFO SCA SSA
Average  1.5821e-08 0.0043949  0.67827 0.074108 0.33401 64.1583 4.5004
Median 1.485¢-08 8.1023e-09  0.67999 0.072247 0.027678 7.1313 0.010987
STD.Dev  1.7786e-09 0.006018 0.1975 0.01091 0.71289 132.0282 10.0392
Worst 1.8283¢-08 0.010987 0.92112 0.088239 1.609 300.3083 22.4501
Best 1.413¢-08 4.426e-12 0.43722 0.063893 6.4104e-05  2.6367 1.1113e-09
F14 IGWO PSO GWO MVO MFO SCA SSA
Average  0.998 4.1283 6.0945 0.998 1.7916 3.3479 0.998
Median 0.998 0.998 2.9821 0.998 0.998 0.99801 0.998
STD. Dev  5.1324e-13 4.7501 4.2619 51305¢-12  1.0867 4.2334 1.2413¢-16
Worst 0.998 11.7187 10.7632 0.998 2.9821 10.7632 0.998

Best 0.998 0.998 2.9821 0.998 0.998 0.998 0.998

F15 IGWO PSO GWO MVO MFO SCA SSA
Average  0.00042689 0.00091427  0.0083302  0.0047104  0.0009383  0.0011176  0.0047331
Median 0.00041191 0.00099543  0.000309 0.00074545  0.00078266  0.0012872  0.00078331
STD. Dev  7.9762e-05 0.00016553  0.010985 0.0087539  0.00040158  0.00036756  0.0087382
Worst 0.00056196 0.0010896  0.020363 0.020363 0.0016554  0.0014578  0.020363
Best 0.00035903 0.00068315  0.0003075  0.00057748  0.00072883  0.00070591  0.00073924
F16 IGWO PSO GWO MVO MFO SCA SSA
Average  -0.91872 -1.0316 -1.0316 -1.0316 -1.0316 -1.0316 -1.0316
Median -0.95369 -1.0316 -1.0316 -1.0316 -1.0316 -1.0316 -1.0316
STD.Dev  0.07748 0 9.304e-09 1.2392e-07 0 2.493e-05  7.8505e-16
Worst -0.8068 -1.0316 -1.0316 -1.0316 -1.0316 -1.0316 -1.0316
Best -0.98672 -1.0316 -1.0316 -1.0316 -1.0316 -1.0316 -1.0316

FI7 gl 30 oS oo 00litl 4 Jgaz (6 Lel gl §1 oy 551
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ause e olal  esgacme fimin
T = I 2 [6565] 1
x) = (—+ 1 '
Fra®) (500 Z S+ Y (g — au)")
1O + b)) 4 [-5,51 0.00030
s =Y : :
i=1 b + bixs + x4
fie(x) = 4x? = 2.1x} + = 3 x1 +x,x, — 4x2 + 4x3 2 [53] 10316
5.1 5 1 i
fir () = (x == xf + = —x - 6)2 + 10 (1 - 8—) cosx; + 1 2 [55] 0.3%
fis() =[1+ (x1 +x, + 1) (19 — 14x? — 14x, + 6x1x, + 3x2)] X [30 + (2x; — 3x,)? X (18 — 32x; + 12x7 + 48x, 2 [-2,2] 3
—36x,%, + 27x2)]
" s 3 3] -3.86
fro(x) = _zi:1ciexp(_zi:1aij(xj - i)
4 6 6 [0,1] -3.32
fa0(x) = = Zi:1 ciexp(— Zi:l aij (% = pi)®)
5 4 0,10 -10.1532
fu@) ==Y (X =a)X—a) +C]” .
i=
; ) 4 0,10 -10.402
fu@ == (X =a)X—a) +C]” . e
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F17
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Iteration

F18

Best score obtained so far

Iteration
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Best score obtained so far

F19-F23

Iteration

Sgazmo Sl b (2lod Wi S @ilgi olol 2 (g5l Ltz ;951 A il — A JSC
IS5 Ve 50 ol ol b (e Wiy oo @il (s)bol gl — A Jgux

F17 IGWO PSO GWO MVO MFO SCA SSA
Average 0.39780 0.36743 0.39789 0.39789 0.39789 0.39789 0.39789
Median 0.39789 0.36789 0.3979 0.39789 0.3977 0.39789 0.39789
STD. Dev  3.0125e-06 3.1656e-04 4.8977e-05 4.1213e-07 3.9785e-05 3.5675e-5 2.294e-14
Worst 0.3968 0.3985 0.3979 0.3978 0.3978 0.3767 0.3987
Best 0.39768 0.3887 0.3469 0.39789 0.3893 0.3245 0.39789
F18 IGWO PSO GWO MVO MFO SCA SSA
Average 3 3 3 3 3 3 3
Median 3 3 3 3 3 3 3

STD. Dev  4.4298e-06 7.6919%-16  8.169e-06 1.5807e-07  1.8175e-15  1.3919e-05  9.7625e-14
Worst 3 3 3 3 3 3 3

Best 3 3 3 3 3 3 3

F19 IGWO PSO GWO MVO MFO SCA SSA
Average -3.8628 -3.8628 -3.8623 -3.8628 -3.8628 -3.8558 -3.8628
Median -3.8628 -3.8628 -3.8628 -3.8628 -3.8628 -3.8548 -3.8628
STD. Dev  2.275e-06 0 0.00096394 1.8611e-07 0 0.0025014 5.8504e-14
Worst -3.8628 -3.8628 -3.8606 -3.8628 -3.8628 -3.8545 -3.8628
Best -3.8628 -3.8628 -3.8628 -3.8628 -3.8628 -3.8603 -3.8628
F20 IGWO PSO GWO MVO MFO SCA SSA
Average -3.2982 -3.2982 -3.2147 -3.2499 -3.2507 -2.7889 -3.2227
Median -3.322 -3.322 -3.202 -3.2027 -3.2031 -2.9918 -3.199
STD. Dev  0.053182 0.053171 0.06502 0.065855 0.06512 0.35696 0.055501
Worst -3.2031 -3.2031 -3.1444 -3.2012 -3.2031 -2.246 -3.1959
Best -3.322 -3.322 -3.322 -3.322 -3.322 -3.0955 -3.322
F21 IGWO PSO GWO MVO MFO SCA SSA
Average -10.1528 -8.6591 -8.1136 -7.1034 -6.135 -1.5771 -8.6591
Median -10.1528 -10.1532 -10.1523 -5.1008 -5.0552 -0.88091 -10.1532
STD. Dev  4.4087e-05 3.3408 2.7919 2.784 3.7966 1.173 3.3408
Worst -10.1528 -2.6829 -5.0552 -5.0552 -2.6305 -0.49651 -2.6829
Best -10.1529 -10.1532 -10.153 -10.1531 -10.1532 -3.2046 -10.1532
F22 IGWO PSO GWO MVO MFO SCA SSA
Average -10.4026 -9.3481 -10.4025 -9.348 -6.6767 -3.938 -8.8727
Median -10.4025 -10.4029 -10.4025 -10.4029 -5.1288 -4.8145 -10.4029
STD. Dev  0.00018507 2.3587 0.00027069 2.3586 3.4496 1.7875 3.4216
Worst -10.4024 -5.1288 -10.4021 -5.1288 -3.7243 -0.90866 -2.7519
Best -10.4029 -10.4029 -10.4028 -10.4029 -10.4029 -5.3558 -10.4029
F23 IGWO PSO GWO MVO MFO SCA SSA
Average -10.5359 -9.0034 -8.9131 -9.4642 -7.856 -4.5889 -9.0034
Median -10.5359 -10.5364 -10.5358 -10.5363 -10.5364 -5.0535 -10.5364
STD. Dev  0.00026222 3.428 3.6288 2.3974 3.6703 2.156 3.428
Worst -10.5355 -2.8711 -2.4217 -5.1756 -3.8354 -0.94338 -2.8711
Best -10.5362 -10.5364 -10.5363 -10.5364 -10.5364 -6.7149 -10.8711
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IGWO PSO GWO MVO MFO SCA SSA
F1 1.6506 0.1541 0.3519 0.5750 0.3110 0.3010 0.4197
F2 1.7147 0.1976 0.3869 0.5737 0.3393 0.3330 0.3860
F3 2.9693 1.1127 1.3121 1.4822 1.3491 1.2714 1.3685
F4 2.5242 0.1588 0.3512 0.5924 0.3149 0.3194 0.3757
F5 2.7784 0.2327 0.4126 0.6814 0.3797 0.3841 0.4378
F6 2.7423 0.1569 0.3709 0.5790 0.3095 0.2997 0.3569
F7 3.8421 0.3455 0.5802 0.7572 0.5144 0.5047 0.5608
F8 3.3348 0.2375 0.5072 0.4323 0.3801 0.3832 0.4984
F9 1.8530 0.1864 0.4060 0.6080 0.3372 0.3258 0.3952
F10 2.1258 0.2213 0.4226 0.6542 0.3772 0.3834 0.4309
F11 3.5213 0.3048 0.4519 0.7595 0.4560 0.4218 0.4749
F12 3.2034 0.8461 1.2149 1.2479 1.0077 0.9967 1.0701
F13 2.2230 0.9181 1.0692 1.3723 1.1495 1.1776 1.1708
F14 2.1259 2.0351 2.3973 2.2328 2.0853 2.0715 2.2386
F15 2.0554 0.1622 0.3761 0.3313 0.2401 0.2163 0.3614
F16 0.2730 0.1770 0.2355 0.2496 0.2535 0.1724 0.2886
F17 0.3143 0.0909 0.1839 0.3908 0.1896 0.1704 0.2882
F18 0.3592 0.0585 0.2085 0.3051 0.1581 0.1410 0.2630
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