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Special forces algorithm: A new meta-heuristic algorithm

PAN Ke, ZHANG Weit, WANG Ya-gang

(School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China)

Abstract: In this paper, a new meta-heuristic algorithm inspired by human behaviors and the population-based optimizer,
called special forces algorithm (SFA) is proposed based on the situation of special forces performing tasks in the real
environment. In order to effectively simulate the characteristics of special forces, the SFA introduces different tactical
behaviors and group strategies in reality into the optimization ideas, and designs a unique search mode. Special forces
perform three tasks according to specific scenarios and mission requirements: large-scale search and assault search,
capture and rescue. By combining the different strategies, and adding some uniquely mechanisms to the algorithm, the
SFA simulates real dynamic behaviors to meet optimization requirements. The proposed SFA is compared with other
types of mature algorithms, the performance of the SFA is verified in 15 sets of benchmark function tests including the
unimodal function, multimodal function and fixed-dimensional function. The results demonstrate that the SFA has shown
great potential and competitive results. The SFA can obtain good search performance and optimization accuracy on the
basis of a better balance of exploration and exploitation capabilities.
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Instruction(t) = (1 — 0.15rand) (1 - %) (1)
bt A AT IEACIEL, T R i KIE AL, rand

(0,17 DX Ta] A T REATL AL
SFA 75 B 2 AN BIH tvy Al tvo LABA R B
BEAR TXFERE R BA AT AR IR R AT A R AT 55
“PREB B, Instruction > tvy;
“SHERT B, tve < Instruction < tvy; )
“FF R B, Instruction < tvs.
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X(t+1) =7 (Xpest — X(t)) £ (1 — ry)range,
r > 0.5. 4)
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X;(t+1)=X;(t) + w(t)A;(t), 1 < 0.5, (5)

Horp X (6) AEE ¢ UGEAR 1 4 5 BA G35 4 1) 2. %
FE—BA D3, Ho A4 7] 5

_fil®) , _
Az(t) - m()(alm(t) =+ Xz(t))' (6)
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DB I 2 R,

0.8

0.6

A RE w
=

0.2}

0

0 160 260 360 460 500
IEARUHL ¢

2 R
1.2 TIEMER

B BOR IR R B S TT R B B 1A — AN 42
MERT. X — B B, BA 53411 RT D4R 22 58 B 1/ AT
%5, W 1B W m FE R B BUR AR . BAR T s
X(t+1) =

X (t) +w(t)A(t), ro = 0.5;
{ Instruction(t) - (Xpest — X (£))+0.1- X (¢), r2 <0.5.
®
Forbrrg D9l /2 1535 73 A 19 [0,1] X 1] A ERUAR 1) B AL

R B4 R I 2 R ol S A FE PR R B BRI By
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P B LR, 345 B AT AR (3 Ab B, 3l i 48
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TR A7 4k AR RN R, SR IR A HTCH R

BRI AR, B (5 2 0A B, e =X (3) W 4,
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BB 11 4 o A 3 AR B 4 BN 4 280 8% 1T e 140 A (B
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X(t + ]-) = Xbest +r- |Xbest - Xave(t)l‘ (9)

Horrer Jipg 2 ¥ 5 73 A I [—1, 1] IX 18] P BUE A BE AL
HoAT e, AR i 2 () 4E R Xye 9 T 22 BA
HrF A &, TN

N
KXaelt) = 1 S Xil0), (10)
=1

X, () AER ¢ UOEAR BRSNS AL B, N D9 4 A
#

IICH A2 SR A 2 5 i 7 BA B J RIS R B B A
Felg b, BN AR B WL #60 H ARI 0, B
B WSSO i )0 )

14 FHEEH

BOEL KRS O AR,

Initialize parameters: tvy, tva, po, W, the population
size N, maximum number of iterations 1;

Initialization: the positions of special force
members X;(i=1,2,...,n).
while t < T do:

calculate the fitness values of all members

update the best fitness and its location Xp.

construct instruction by (1)

if instruction(t) > tv; do

if r; > 0.5 do update the positions by = (4)

else if 7; < 0.5 do update the positions by = (5)
else if tve < instruction(t) < tvy do

if tvy > 0.5 do update the positions by = (8)

else if tvy < 0.5 do update the positions by T (8)
else if instruction(t) < tv, do

update the positions of members by X (9)

else ifupdate p,w and t =¢ 41
end while

return Xypes
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2 AR5
21 WAEE

B A7 06K 34 76 A 7] 19 38 47 26 55 DA B
Matlab R 2018 a, TF E AL A R 424 Windows 10, CPU
4 Intel(R) Core(TM) i5-10400 @ 2.9 GHz. 7& P 4 #r
43, SFA I Fh B 250 = 152 B M 30, B KB IECH
200. JE & 53 M, BT A SR AE AR [R] 1) 2640 T AT 5K
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A IBE LR 2506 45 R, B LR EVAE A
BRI 4 I AT 30 Ik, B SAMEAE N A 45 R

#z1 BHRE

Hk 24

SFA tv1 = 0.5,tva = 0.3,po = 0.25,wo = 0.75
PSO c1 =2,c0 = 2,w = [0.9,0.2]

GSA a = 20,Go = 100, Roorm = 2, Rpower = 1
GWO a=[2,0]

WOA a1 = [2,0],a2 = [-2, —1],b=1

EO a1 =2,as = 2,GP = 0.5

HHO Eo € (-1,1)

22 EERHSHBEE

N T ST LA B AT Rk, SCRR [8,20]
gk % 1 214 0 78 23 8 UE B A [ B K B BOVE Al
SFA [ TERE.

*2 BEERH
AL i i ] iR ARE
fi(z) = a? 50 [—100, 100] 0
=1
fa(x) = |l + [ |l 50 [~100, 100] 0
=1 i=1
fa(z) = max; {|z;],1 < i < n} 50 [—100, 100] 0
Fa(z) = D100z i1 + 27)° + (z; — 1)°] 50 [—30, 30] 0
=1
fs(x) = Z iz} + random[0, 1] 50 [—1.28,1.28] 0
=1
fo(z) =Y —w;sin(y/[x:]) 50 [—500, 500] —418.98n
=1
1SN 5 1
= —20exp( — 0.2(— 2Y0.5) — = cos(27tx; 20 50 —32,32 0
fr(x) exp< (n ;a) ) exp(n cos(27tx )) +20+e [ ]
1 n R n i
fs(@) = 1555 ; x? — gcos (W) +1 50 [—600, 600] 0
T n
fol@) = Z{10sin(myn) + 3 (v = D*[1 4 10sin* (i )] + (v = 1) }+
=1
Zu(xi, 10, 100, 4)
i=1
k(z; —a), x; > a; 50 [—50, 50] 0
yi =1+ ,u(zg,a,k,m) =90, —a<z; <a;
k(—z; —a), z; < a
fio(z) = 0.1{ sin (3rte1) + 3 (@ — 1)*[1 + sin? (3ma; + 1))+
i=1 n 50 [—50, 50] 0
(zn — 1)2[1 + sin2(27txn)]} + > (i, 5,100, 4)
i=1
1 25 1 -t
fii(z) = (% + Z 2—> 2 [—65, 65] 1
=i+ Z(zz —a;)°
=1
11 2 2
21 (b7 + biza)
= g — i i) 4 —5,5 0.000 30
fr2(2) Zj [a EEw— M] [~5,5]
51 5, 5 2 1
fi3(z) = <$2 — T S - 6) T 10(1 - 8—71) cosz1 4 10 2 [—5, 5] 0.398
4 3
f14($) = - Z c’exp( — Z Q5 (LL']‘ — pij)z) 3 [1, 3] —3.86
11:01 Jj=1 .
fis(@) = =D (X —a:i)(X —a;) +c7" 4 [0,10] —10.536 3
=1
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T VEAl SFATRER . R RN 6 )= 3 A /ML 1)
BE 77, Fi L 355 B0 bR K 22 06 R BEORTI i 52 4 22 1 by
B 15 A, Hr g R B (Fy ~ B RS 52
()R R BN K B T, Z VR B (Fs ~ Fro) WA
TEAR R LR, [ 2 4E 2 Ve R B (Fyy ~ Fis) B0
TETEARYE B R DN BE A7, WK bR 25 1) B 3R 0k 0
Wz 2 Fio.

W i Bt vk 5 At e B VR R AT X G

Xof LBV G R T BESLVE (PSO)), 5] 748 2R HLk
(GSA)L, FRARELE (GWO)RI, figi f4 B (WOA) 122
DA PR 30 4 i R 3 T B0 (EO) 123 A L 1
FIEHHO). 1 Esegn 45 1, R A3 MHE (ave)
HARHE 22 (std) XF &8 SR AT VR, S5 4 110 45 SR DARHL AR
IR, 338 50 4 HLIGE R L 22 U R B DA % ] 5E 4 R
BRI SLI6 45 5, 3 4 9 200 4E T 1) B UG A 22 06 R 200
LG g R

®3 S0HERIEMZIERBLUKEE4ER BN EELER

SFA PSO GSA GWO WOA EO HHO
» ave 2.40e-144 0.0359 53.1853 8.70e-24 2.14e-82 1.24e-21 1.17e-94
! std 1.20e-143 0.0204 48.6590 7.68e-24 1.15e-81 1.46e-21 6.39¢-94
P ave 7.97e-72 19.6269 0.5181 1.51e-14 3.42e-54 9.23e-14 5.48e-54
2 std 3.97e-71 16.2911 0.746 7 9.16e-15 1.08e-53 6.73e-14 1.47e-53
P ave 1.56e-74 27748 8.8114 4.69¢-05 66.6509 0.0202 1.27e-50
3 std 7.34e-74 0.4753 1.2684 4.02e-05 27.2350 0.0346 3.87e-50
P ave 0.0215 282.898 8 998.674 3 47.0779 47.768 5 45.0351 0.0080
* std 0.0200 144.669 0 613.1993 0.6669 0.4369 0.2013 0.0104
P ave 3.11e-04 25.0822 0.4769 0.0020 0.0023 0.0053 9.29¢-05
° std 5.36e-04 17.5226 0.3183 0.0011 0.0027 0.0019 8.28e-05
F ave —2.09e+04 —8.69e+03 —3.47e+03 —9.03e+03 —1.85e+04 —1.16e+04 —2.09e+04
¢ std 0.6962 2.22e+03 583.726 1 2.06e+03 2.71e+03 826.526 5 0.3529
P ave 8.88e-16 0.9503 0.266 4 6.06e-13 4.80e-15 4.97e-12 8.88e-16
7 std 0.0000 0.5777 0.3947 1.88e-13 2.35e-15 2.38e-12 0.0000
r ave 0.0000 0.0069 96.016 6 0.0024 0.007 6 7.40e-18 0.0000
s std 0.0000 0.006 5 10.6719 0.0055 0.0290 2.82e-17 0.0000
7 ave 1.66e-05 0.0431 2.1421 0.0794 0.0109 0.003 4 1.66e-06
? std 3.07e-05 0.094 1 0.766 8 0.0335 0.0057 0.0117 1.83e-06
F ave 1.95e-04 0.0389 40.5851 1.6771 0.5654 0.0569 5.34e-05
10 std 2.81e-04 0.0273 10.408 4 0.3971 0.2287 0.084 1 8.13e-05
F ave 0.998 0 22160 49736 3.3200 1.7205 0.9980 1.0974
H std 2.24e-10 1.9478 2.8909 2.5007 1.8695 1.65e-16 0.3033
F ave 4.07¢-04 0.0035 0.0069 0.0037 7.09e-04 0.0018 4.10e-04
12 std 2.57e-04 0.0067 0.0026 0.0076 4.75e-04 0.0051 2.67e-04
” ave 0.3979 0.3979 0.3979 0.3979 0.3979 0.3979 0.3979
13 std 8.72e-04 0.0000 0.0000 1.09¢-06 1.90e-06 0.0000 2.43e-06
7 ave —3.8621 —3.8623 —3.6462 —3.8621 —3.8621 —3.8595 —3.8621
1 std 0.0398 0.0020 0.2463 0.0017 0.0031 2.3%-15 0.0011
F ave —10.5363 —9.5646 —9.9956 —10.084 4 —8.1861 —9.8192 —5.6565
18 std 2.43e-04 22428 1.6501 1.7515 2.8483 2.1989 1.6185

23 EMSH

379 SFAFE JURRII X b A b i 5 45 R R4
S5 SRR A P 5 2R ) WSS 2 L R A S BA
P93 L JEE AR AT (9 2 35 A

e S5 £ A AT THE 15 3R e R ) e I 3 L
(B BESARTR B AR AL G W52 i 26 B Fia 3, 7T
LASR TR 53 ) Wi ST JEE DL R AE IR R AT R 2 [ V)

e BRI TR). 125938 B P52 i 2 S 1R A 0 A O 2
FEISACRERE o B AR A 35 P8 A B 1 22 3 7 2
T, Ik 5 AR BUSS EL IR IS, AT ORAIE T
WA GIATTHIT 39 F) bR WAL SEORT 5 30 RS T 1 R i T
F , SFA R SR AT A FEAR vy (030 {0k dme D10 A, [ I~ 2
IV 2 S R 2% BA SR RE 6 AR A i Sl R
AL,



b - Ve N
2502 # # 5 x K %37%
=4 2004BIEFZIERBEELR
SFA PSO GSA GWO WOA EO HHO
» ave 8.71e-136 225.3093 8.91¢+03 2.24e-09 2.22¢-80 5.58¢-06 1.23e-92
! std 4.77e-135 25.8472 1.07e+03 1.14e-09 9.70e-80 3.50e-06 6.71e-92
» ave 1.76e-64 450.349 0 40.0969 3.58¢-06 5.20e-53 1.60e-04 1.22e-52
2 std 9.45¢-64 51.0840 4.6851 9.34¢-07 1.55¢-52 4.13e-05 5.01e-52
» ave 1.06e-72 18.0479 17.408 4 15.5375 72.5413 78.058 7 2.79e-51
3 std 5.35¢-72 13051 1.5403 6.6420 253161 42052 1.12e-50
» ave 0.097 1 3.60e+05 4.45¢+05 197.7849 197.3670 197.2214 0.0573
4 std 0.0963 7.75e+04 1.20e+05 0.6271 0.2203 0.6527 0.0799
" ave 4.72¢-04 2.37e+03 114.712 1 0.009 7 0.003 1 0.0252 1.06e-04
° std 5.16¢-04 418.9900 37.5140 0.0027 0.004 5 0.006 4 1.29¢-04
» ave —8.38e+04 —2.05e+04 —7.02e+03 —3.09e+04 —7.30e+04 —3.39e+04 —8.38e+04
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