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Adaptive f-distribution sparrow search algorithm with improved

search mechanism
GAO Sihui, WU Keqing’, HE Bin
(School of Science, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: A self-adaptive t-distribution sparrow search algorithm with improved search mechanism (ATSSA) is
proposed to address the shortcomings of the sparrow search algorithm, which is prone to falling into local optima
and relies on population initialization during the optimization process. Bernoulli chaotic mapping is introduced to
obtain a high-quality initial population; inspired by the fishing method of the osprey optimization algorithm, the
discoverer search mechanism is improved to enable the discoverer to exhibit greater flexibility in the optimization
process, thereby enhancing the exploration ability of the algorithm; an adaptive t-distribution operator is
introduced based on probability to perturb and improve the convergence speed of the algorithm; the golden sine
strategy is adopted to change the position of the alerter and improve the convergence ability of the algorithm. The
performance of the algorithm was validated through testing on 14 benchmark functions and Wilcoxon rank sum
test. The research results show that ATSSA has good optimization performance and robustness.
Keywords:sparrow search algorithm (SSA); Bernoulli chaotic mapping; osprey optimization algorithm; adaptive
t-distribution; golden sine algorithm
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Tab.3 comparison of test results of different algorithms
- F, F, F,

" mfE AR ¥l P IR ARk 5[l p ARl AR ¥l P
ATSSA 0 0 0 NA 0 0 0 NA 0 0 0 NA
MISSA 1.71x1077 1.77x107¢ 3.24x10™%7 1.21x10"2 4.46x10™ 3.22x107* 1.12x10™ 1.21x10"2 7.43x10™ 1.50x10°" 2.74x10"2 1.21x10"'2
ASFSSA 0 0 0 NA  1.76x10%° 0 5.57x1071% 1.21x10" 0 0 0 NA
LSSA  3.03x10™28.19x10™" 1.50x10™" 1.21x1072 7.07x107**2.46x10"% 4.50x10 1.21x107"2 2.30x10° 1.51x10™" 2.89x10" 1.21x10"

ISSA 0 0 6.16x107* 1.66x10"" 6.80x10™% 5.99x1072° 1.09x 1072 1.21x10"? 6.86x10"% 5.91x10°° 1.08x10°% 1.21x10™"2
SSA  5.92x1077.94x10°° 1.45x10° 1.21x1072 1.25x10"7" 1.43x10% 2.68x10% 1.21x107"2 1.46x10%7 1.82x10% 5.11x10°° 1.21x10"
DBO  1.18x10"%3.25x10% 8.33x107'% 1.21x107'2 2.27x10™ 2.87x10°% 5.65x10°% 1.21x10"'2 1.89x107"*! 4.63x10 8.45x10%° 1.21x10™"
NGO  1.40x10° 1.42x10%¢ 4.22x10°*7 1.21x10"? 9.61x10*7 2.61x10* 1.82x10* 1.21x107"2 1.67x10%7 4.42x102 1.44x10% 1.21x10"
" F, F, F,
i AR ¥i{E )2 It ARk ¥fH P Rl AR ¥ifE P
ATSSA 0 0 0 NA 0 0 0 NA  1.34x10° 5.17x10° 2.36x10°  NA
MISSA  2.45x10% 1.94x10 3.69x107° 1.21x107"% 2.80x10* 6.38x107¢ 1.17x107¢ 1.21x10"? 2.46x10° 1.00x10" 5.44x10° 7.60x107
ASFSSA 1.24x10°" 0 1.32x10"™ 1.21x107"2 0 0 4.94x107 334x10" 7.38x10"  1.21x10° 6.48x10* 9.21x107
LSSA  2.54x10" 9.76x10° 1.78x10° 1.21x10™2 0 1.97x10° 4.16x10°  1.66x10™"" 1.78x10° 1.58x102 9.38x10° 1.78x107°
ISSA  6.20x10"* 1.57x107% 3.19x107™ 1.21x10™ 2.10x10™ 2.04x107* 3.73x107 1.21x107"% 1.94x10*  2.18x107 5.02x10* 2.27x107
SSA  7.59x107'2.01x10%° 7.21x10" 1.21x1072 2.57x10774.38x10™"* 1.19x10™ 1.21x10™"? 4.59x10° 5.77x10° 2.80x10° 9.35x10™
DBO  1.73x107° 9.52x10° 2.77x10° 1.21x10"? 3.86x10°° 3.91x10> 9.09x10" 1.21x10"% 2.52x10"  2.22x10™" 2.58x10" 3.02x10™"
NGO  2.89x107* 1.93x10 2.15x10% 1.21x107"2 3.95x10> 9.93x10> 1.62x10° 1.21x107"2 2.48x10"  4.08x10" 2.59x10' 3.02x10™"
Ak n i
I fffE FrifE 2= ¥fH P I ffifE PrifE2E ¥ P
ATSSA 1.40x107 1.40x10* 1.58x10™ NA 0 0 0 NA
MISSA 4.19x10° 1.25x10° 1.43x107 1.20x10°® 4.63x10% 1.30x10% 6.55x10%  1.21x10™"
ASFSSA 1.76x10° 2.53x10™* 3.20x10* 1.03x107 0 0 0 NA
LSSA 4.57x10° 1.15x10° 1.41x10° 4.69%10°® 3.88x10% 2.92x101° 6.08x10™" 1.21x10"
ISSA 4.49%107 6.53x10* 8.58x10™ 3.59%107° 0 1.64x107° 3.71x107 1.93x107"°
SSA 1.41x10* 1.61x10° 1.75x10° 9.76x10° 1.55x107 2.71x107"® 5.05x107" 1.21x10"
DBO 7.03x107 7.87x10°* 1.22x10° 2.03x107 7.59x10% 3.75%x10% 6.86x10%*  1.21x10™"
NGO 8.81x10° 3.91x10* 6.14x10™ 4.69x10°® 4.52x10% 2.65x107% 3.42x10%  1.21x10™"?

ENAFRRILE

BSOSO WEL 5. 5 H Al 7 AR L
TR RELF, . F,RTF,, ATSSA [RS8 ¥ i
P, BERE LU Dk R Bl S = il . 2
WKL F, . FRF s, BUOR ATSSA IS S 2 A
BT L R BCR BT IR, E RS SIGEE JE FNW S5OKG

JEE IR S P T HAt 7 R, BB R A e STt
Aew B E. 25, ATSSA RENSA R e a5 e i1
FaBE, HARGM2RIEREET . AR S5
ST, ATSSATESPLEne 5 & etk Jy m ol Ak
FH AT R




% 2 4 SEE, SRS kARG BE R R IRER R R 255
—— ATSSA 01 —s— ATSSA
MISSA MISSA
ASFSSA 0 ASFSSA
—o— LSSA —o— LSSA
—e— SSA 4 —e— SSA
—— DBO -100 b —+— DBO
—— NGO B —— NGO
2 1s0f
=200+
25071
0T 4 5 6 7 8 9 10
AR E 107 AT E 10
(a) F, (b) F,
50 —+— ATSSA
oy MISSA
0 et ASFSSA
{ ASFSSA e
—o— LSSA —o— LSSA
=50 y —— ISSA —— [SSA
—e— SSA —=—S8A
. -100} —— DBO -, T NGO
o —— NGO 20 ’
-1501
=2001
-250¢1
-10 - ; i q ;] ' n 2 x :
_3000123456?8910 0o 1 2 3 4 5 6 7 & 9 10
8 EREe
HE R ENe (@) F
(¢) F, 7
—»— ATSSA 207 —+— ATSSA
MISSA MISSA
ASFSSA ASFSSA
—o— LSSA —o— LSSA
—+— [SSA —— [SSA
—e— SSA —e— SSA
—— DBO —— DBO
—— NGO b v =«—NGO
01 2 3 4 5 6 7 8 9 10 0o 1 2 3 4 5 6 7 8 9 10
i Wi Gl PR 0
(e) F, (f) F,,
5 BRSSO L
Fig.5 comparison of convergence effects of different algorithms
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