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Improved Pigeon Swarm Optimization Algorithm Combining Tent
Mapping and Simulated Annealing

ZHANG Anling
(Department of Mathematics, Changzhi University, Changzhi 046011, China)

Abstract: Aiming at the problems that pigeon swarm optimization algorithm is easy to fall into local optimum,
low solution accuracy and the poor local searching ability, improved pigeon swarm optimization algorithm
combining Tent mapping and simulated annealing was proposed. Firstly, Tent mapping was used to initialize
the population to make the initial population distribution more uniform. Then, the simulated annealing algorithm
was added after running the landmark operator of the pigeon swarm optimization algorithm. The simulated
annealing algorithm can jump out of the local optimal solution with a certain probability and has the asymptotic
convergence to improve the ability of global optimization. The experimental results on the performance of the
algorithm based on 16 benchmark functions show that the convergence accuracy of Tent-PIO-SA algorithm
is improved by an average of 10 orders of magnitude compared with PIO and Tent-PIO algorithms. Especially
for Rosenbrock function, which is extremely difficult to optimize, the convergence accuracy of Tent-PIO-SA
algorithm achieves on average 6 orders of magnitude higher than the recent classical algorithms LECUSSA,
SCASL, CML-WOA and APN-WOA, and 7 orders of magnitude higher than TLPSO, SCA-DE algorithm.
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It is proved that the proposed Tent-PIO-SA algorithm has strong optimization ability.

Key words: pigeon swarm optimization algorithm; simulated annealing algorithm; Tent mapping
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Tab.1 Benchmark functions
MR Fik A HRIXHE LN SN
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Schwefel 2.22 fo= >l |+ ]zl 30 [—10,10] 0
i=1 ‘ 1:12
Schwefel 1.2 :Z(sz) 30 [—100,100] 0
i=1\j=1
Schwefel 2.21 fi=max{lz,], 1sisn} 30 [—100,100] 0
n—1
Rosenbrock 5= >.[100(a, 1 —2P)+(a,— 1] 30 [—30,30] 0
i=1
Step fo= 2> (x;+05) 30 [—100,100] 0
i=1
Schwefel 2.26 f7:z[*1'{sin(, \1~,|ﬂ 30 [—500,500] —418.982 9Xdim
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Rastrigin = Z[I?* 10 cos (2xx; )+ 10] 30  [—5.12,5.12] 0
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. , 1
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fn:ﬂ1OSin(rry1)vﬂZ(y,*1) (1 10sin%(ry, )]+ (3, = D}
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Tab. 2 Comparison of experimental results solving f;~f}, with
3 algorithms (T=500)

PRIEL Bk Rl A FrifE 2
PIO 2.00E—196 3.4E—151  1.692E—150
/i Tent-PIO 3.59E—198 750E—150  4.036 4E— 149
Tent-PIO-SA  6.83E—196 1.22E—171 0
PIO 2.09E—95 1.06E—77 5.678E—77
/o Tent-P10 2.49E—97 3.27E—74  1.761 86E—73
TentPIO-SA  5.72E—103 254E—86  1.366 31E—85
PIO 2.78E—183 454E—149  2.4456E—148
/3 Tent-PIO 4.73E—192 3.78E—150  2.035SE—149
Tent-PIO-SA  5.24E—202 4.87TE—171 0
PIO 3.55E—100 6.44E—80  3.378 23E—79
Ju Tent-PIO 1.49E—101 5.50E—79  2.597 94E—78
Tent-PIO-SA  2.42E—05 8.56E—83  4.608 SE—82
PIO 0.00077257  16.995 39545 12.812 21
/s Tent-PIO 7.26E—03 1.54E+01 13.430 22
Tent-PIO-SA  9.32E—11 1.15E—06  1.942 93E—06
PIO 1.020 7TE—07  0.324232058  0.812901
fs Tent-PIO 1.2652E—08  0.302873384  0.828 241
Tent-PIO-SA  1.57E—12 2.09E—07  3.353 35E—07
PIO —12569.4847 —9511.50405 2591.076 9
J7 Tent-PIO  —12569.4863 —10445.95143 2 029.787 82
Tent-PIO-SA  —12569.4866 —12569.4866  1.819E—12
PIO 0 0 0
s Tent-PIO 0 0 0
Tent-PIO-SA 0 0 0
PIO 8.8818E—16 8.8818E—16  3.944E—31
fo  TentPIO  88318E—16 8.8818E—16  3.944E—31
Tent-PIO-SA  8.8818E—16  8.8818E—16  3.944E—31
PIO 0 0 0
Jio  Tent-PIO 0 0 0
Tent-PIO-SA 0 0 0
PIO 5.10E—09 8.03E—02 0.234 897
fii Tent-PIO 5177 7TE—08  0.012429586  0.027 078 31
Tent-PIO-SA  1.68E—12 1.66E—09  2.444 45E—09
PIO 3.764E—08 0.079 508 0.156 362
fi2 Tent-PIO 1.2275E—07  0.128501398  0.232099
Tent-PIO-SA  5.8394E—13  145E—08  2.178 58E—08
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PIO ., Tent-PIO 53 1 F- 085 B 43 R B 2 1 71
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Tab.3 Comparison of experimental results solving f13~f}5 with
3 algorithms (T=500)

PRIEX Bk SR SFH{E brife 2
PIO 0.998 0.99801  2.657 48E—05)
Jis Tent-PIO 0.998 0.998 007  2.352 3E—05
Tent-PIO-SA 0.998 0.998 4.440 89E— 16
PIO 3.0013 3.028 157 0.018 729
i Tent-PIO 3.000 1 3.008 607 0.008 07
Tent-PIO-SA  3.000 1 3.006 279 0.006 726
PIO —10.135  —5.46598 1.256 172
Jis Tent-PIO —10.398 —5.814 2 1.627 722
TentPIO-SA  —10.4028 —10.4028 8.881 78E—15
PIO —10.1746 —5.82E+00  1.410 056
Jis Tent-PIO  —10.5363 —6.1922367  2.019 421
Tent-PIO-SA  —10.536 3  —10.536 3 0

F 4 3FPRTRIA RELS ~11, WIBITEERXT L (T=1 000D
Tab.4 Comparison of experimental results solving f;~f1, with
3 algorithms (T=1 000)

PRI ik HfE EEIME brife 2=
PIO 0 0 0
1 Tent-PIO 0 0 0
Tent-PIO-SA 0 0 0
PIO 9.27E—232 1.99E—166 0.00E+00
/o Tent-PIO 2.70E—225 9.61E—168 0.00E-+00
Tent-PIO-SA  6.78E—232 1.38E—199 0.00E+00
PIO 0 0 0
I3 Tent-PIO 0 0 0
Tent-PIO-SA 0 0 0
PIO 1.10E—216 5.17E—171 0.00E+00
Ju Tent-PIO 1.65E—232 6.94E—162 0.00E+00
Tent-PIO-SA  2.19E—239 9.39E—201 0.00E+00
PIO 0.036 114 16.333 25 13.123 25
I Tent-P10 0.002 983 16.8728 12.295 83
Tent-PIO-SA  9.00E—11 2.21E—07 2.49E—07
PIO 5.836E—08 0.255433 0.650 171 54
Js Tent-PIO 1.311 9E—07 0.138118  0.634 742453
Tent-PIO-SA  1.16E—10 9.54E—09 9.24E—09
PIO —12569.5 —10318.5 2 089.664
/7 Tent-P1IO —12569.5 —10 333 2065.601

TentPIO-SA  —12569.486 6 —12569.4866 1.818 99E—12

PIO 0 0 0
Js Tent-PIO 0 0 0
Tent-PIO-SA 0 0 0
PIO 8.8818E—16  8.8818E—16  3.944E—31
Jo Tent-PIO 8.8818E—16  8.8818E—16  3.944E—31
Tent-PIO-SA  8.8818E—16  8.8818E—16  3.944E—31
PIO 0 0 0
Jio TentPIO 0 0 0
Tent-PIO-SA 0 0 0
PIO 1.38E—08 9.29E—02 3.08E—01
Jii TentPIO 1.08E—09 0.058 441 0.277 7196
Tent-PIO-SA  6.58E—16 9.44E—11 8.91E—11
P10 2.527E—08 0.086 947 0.207 709 91
fi2 TentPIO 2.998 IE—07 0.105731  0.251810 277
Tent-PIO-SA  6.15E—14 1.20E—09 1.22E—09

KPR B fr5 ~ fis WS HEMENApR B, T
TEAE PR, IXRPREA 21 TRy i . ik 3
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Tab.5 Comparison of experimental results solving f;3~/15 with

3 algorithms (T=1 000)

PR RIS Ef/RIE) EEE brifE2
PIO 0.998 0.998 4.440 89E— 16
Jis Tent-PIO 0.998 0.998 4.440 89E—16
Tent-PIO-SA  0.998 0.998 4.440 89E—16
PIO 3.000 5 3.005 65 0.006 88
fiz  TentPIO 3.000 4 3.001 83333  0.002 508 43
Tent-PIO-SA  3.000 3 3.000 533 0.000 236
PIO —5.0877 —5.087 636 364 9.791 21E—05)
Jis TentPIO —10.3562 —5.764764  1.580099 9
Tent-PIO-SA —10.4028  —10.4028 0
PIO —10.5007  —6.202 94 2.148 88
Jis TentPIO  —10.5363  —8.37222  2.648486 767
Tent-PIO-SA —10.5363  —10.536 3 0

M2 5 AT LAAE 1, Y 5 Kk Ak o & 2
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Fig. 1 Convergence curves of three algorithms on sixteen functions
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Fig.2 Convergence box diagrams of three algorithms on five functions

N T B IR UE PR H A SO R A B
XF FE LA 2 Mk . — b Bk R ISR /AT R
1) A1 A T R 0 B T 597 (Levy Flight Based
Conditional Updating Salp Swarm Algorithm,
LECUSSA)™ | [2£ ) Al Levy RATHYIESZRIL
LA 7% (Sine Cosine Optimization Algorithm with
Self-Learning  Strategy and LéVy  Flight,
SCASI'™ Tl fa 5% (Chaotic Multi-
Leader Whale Optimization Algorithm, CML-

WOA)™M | FET A E N ZH /N SR AR B et g
fa b8 (Whale Optimization Algorithm Based on
Adaptive Parameters and Niche, APN-WOA)"™' | J&
A5 HE 556 1Y Fuch 1R 1 42 41 5807k (Fuch Chaotic

Grasshopper Algorithm Based on Pigeon Swarm
Algorithm, PFGOA)" | 3 Tent Wb iR & AR
Pk i BB 7% (Grey Wolf Optimization Algorithm
Based on Particle Swarm Optimization, PSO-
GWOOM | #5445 B A BRI F R Teaching and
Learning Information Interactive PSO, TLPSO) %
U8 Hybridizing Sine Cosine Algorithm with Dif-
ferential Evolution(SCA-DE)"™ | [E#E R A2 H 5
B0 A T ORIESERT U R A, AU
5527 SR v AR ] ) de R A BRI AP
6, BRI R 30, SRR IEE A 500,
T, LS R 30, EOGEARUEII R 1000,

Fi 6 AT, X T e s R B f, ~ £, A SCHR
A9 Tent-PIO-SA 535 78 S L 66 /1 LI T
LECUSSA, ifi4; T SCASL, CML-WOA , APN-
WOA | PFGOA . Xt T eREL s, fo» f10, Tent-PIO-SA
FEILT LECUSSA, S5HAWR LS OUEREAT Y, 4T
AAMRFRREN. HE2, X T HE 40w
Sor for S froy ARSI (AR 2E ARG
2 3R I, AR T AL S A W AR
B, JUHX T HAME ALY R/, A SR -
IEF| T 1. 15E—06, [ LECUSSA & 1 6 M,
FESCASL s T 482, [ CML-WOA & il
TS5BS, HAPN-WOA il T 745024
PRI Bd IR ZE RS RE O A A AR 357 P I AR
KO, sk T RN R R R AT, HARL
FIFH TR SO B MR B R, { Tent-
PIO-SAF L HAT T 41 SLRE

H1Ze 7 Al LU MY, X T i lZléﬂlfl s, A3
(1) Tent-PIO-SA SR E) T IS RARIE O, £, F £,
K% T SCA-DE, {H¥ ¥ 5 5l ik 8] 1
1. 38E—199 f19. 39E — 201, #r#fE 2285 T 0, ¥t
B Tent-PIO-SA S92 HA BUF 18 R B8 ) AES E
P o X T R AL £, Tent-PIO-SA & 3% 4 F
TLPSO, Ti i T SCA-DE. X} T e& % fi~fw,
Tent-PIO-SA 532 (RS B2 #f e T HAD S o FEpR
o b, AR EA g, 1 TLPSO |
SCA-DE. CHR[20 B0k th T 71 B 4.

LRER 2~ R T LA, ASCHE Y Tent-



62

b R A s CASRBREROD

2025 455 1)

PIO-SABIEXS TR 24 pREL f: ~1 1 BA KA SLRE

B3, VO IMABILR KL se A S m RS LA
I3, BRI TR HE LA B A5 BB A AR RIRISILEE T .
F£6 HHEIEBITER I (T=500)

Tab.6 Comparison of experimental results of different algorithms (T=500)

PR 2R Tent-PIO-SA LECUSSA SCASL CML-WOA APN-WOA PFGOA
. SEHME 1.22E—171 2.65E—13 0.00E+00 0 0.00E+000 0.0E+00
I P22 0 3.94E—13 0.00E-+00 0 0.00E+000 0.0E-+00
. SEI(E 2.54E—86 5.36E—08 0.00E-+00 2.60E—160 2.2TE—245 0.00E+00
J2 FifE2E 1.366 31IE—85 5.76E—08 0.00E+00 0 0.00E+000 0.00E+00
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F 7T HHMBA BT R IR (T=1 000)
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