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Abstract: In order
optimize the parame

mechanism is proposed to

the performance of the Extreme Learning Machine (ELM), this paper proposes to
LM with an Improved Sparrow Search Algorithm (ISSA). Firstly, a thombus grouping
crease the diversity of the algorithm population and to improve the defect of the algorithm

trapped in local extreme points by incorporating the Simulated Annealing idea. Then, the simulation test is carried out
through 10 benchmark functions, and the experimental results show that ISAA has better performance on most test
functions. Finally, ISSA is used to optimize the input weight threshold of the ELM. Through the simulation test of the
benchmark data set, the optimized ELM has an average improvement of 7.4% in modeling accuracy.
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0 5|5 (Introduction)
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1 F1iRE 9T (Knowledge introduction)
1.1 #RERZEIIH
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2 HUHBIRRETE R E % (Improved Sparrow Search
Algorithm)

2.1 SAANH
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Fig. 1 Distribution map of sparrow population
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2.3 EERHEHEMK
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. R T REE LG A O S e v IR I A (R Y RS
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Tab.1 Benchmark function set
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a3 2 T UK B, ISSA BR T 76 REL FS.F9 Fl F10 fY°F R 3 LIGERIFEE (dim =30)
YIEUE S SSA FIZE , 4y BB SE U SUE L T SSA, It Tab.3 Comparison of experimental results (dim=30)
Ah A SSA FERREL F7 bR 2L T ISSAL B ISSA 1 r i B PERE ISSA SSA GWO PSO BA
ZEFERRBL FAF5 #1 F6 Y/NT SSA, 3% 3 1, ISSA [ T 7E FR %K Mean 0 8. 442X107 1 1995% 107 1030107 0,001
N Ry =137 —85 ) —15 714
F8.F9 F1 F10 (VRIS SSA FHAE  FIA eRE T B8 Sid 0 4L624X107975,253X107% 1428X107% 162710
. " o . Mean 3, 140X1072% 5.286x10767  3.133%10 " L1Mxi0 " 0172
{HHPE T SSA, RAF SSA 16 B F6 1 F7 bR Mt T } )
e " . B Std 0 2.805X10%6  4.001X10 " 2.457%10 7 0.099
ISSALEBRT —E bR 218 R FS.F9 Ml F10 14, I1SSA HIFx _ - .,
o Mean 37331073 2302107157 3,736 10 %7 3.033 0,003
PRI S E TR e 2 e R el A TE AR, o Mean 1 174X1072%2 2,300X10°5 8 500% 1022 0,213 0,015
ISSA FEREB 0 REPEREXIIE T GWO.PSO Fl BA, Sl 0 1,282X107%  9,427X10~ 2 0,076 0,001
%2 TR (dim=10) . Mean  1L777X107%  2.584x1077 2.075 40,552 27440
Tab.2 Comparison of experimental results (dim= 10) Sd s 798X107F 439600 0. 669 33. 136 1.205
Mean  LIX107*  1.280X107 % 2.687x10~* 0,029 0.011
B PEfg ISSA SSA GWO PSO BA F6
St L494X10 Y L4TX10TE L771x10 ¢ 00108 0.004
Mean 0 6.887X10 240 5.238X 107 178 5,268%10 % 5,985%10° . Mem —9723.438  —760 657152 —7108.245 —Inf
Fl Sd 16476 571,950 683, 796 NN
Std 0 0 0 737TX10755 1,4 -5
LISA0 LAssAI0 g Ve 0 0.145 30,931 25,973
Mean 0 LA8X107 210 113TX10 Y 4 u5X10 10 7688100 S 0 0 0.7% 1687 Lol
Fa o Mean 8, 882X107¢ 8.882X107"  Logsx10~  2.023X107%  0.603
Std 0 0 6.067X10757  1,373X107 '8 1.487X107° St 0 Y 4 0 3.106X107 1 2.547X1078 0,655
v ean 0 0,001 0.010  6.105%x107°
M 9 —221 —87 —18 =~ "7 —5 .
; can 0 1. 242X10 1.033X10 1.80X10 7.107X10 iy R 0003 MO0 T7eXI0—"
Std 0 0 29110787 4,425%107 18 2,083% 107 F4 LIGEERITEE (dim=50)
Tab.4 Comparison of experimental results (dim=50)
Mean  8,552X1072 2,874%10 1% 1.073x10™ %% 1.155%10° 16 Y4 04
Fi B Phfg ISSA SSA GWO PSO BA
Std 0 LAMX10717 4574X007% 3.397X10 @ 6. 486X 1 o Mean 0 2.280X10710 3.072X107% 3.668X107 7 0.0039
Std 0 125010149 5.836X1075%  5.597x107 7 3.128X10*
Mean  9,197X107%  2.786%10~° 5.930 2,663 0,928 7 )
P P . Mean 587107 3.120x107 >0 1.751x10 % 0.003 0. 486
Std 34071077 8.610X10 6 79 1.799 Std 0 1709107 9,579x10%7 0,005 0.189
Mean  4,31X1072™  1.862x10 130 8,030 *° 203,796 0.027
M 69X1075 9.023%10° 0.0017 0,004 F3 )
. 4 6HXITE 8 00 Sid 0 L020X10 12 2.01x10 M 51363 0,005
Sd 4 4X10~° 6.203%10°F 0,001 0,002 i Mean 2,800X107"5% 160010~ " 3.984x10~ " 1.539 0.042
Sd1L532X107152 8.763%107 78 4. 8lox 10~ 0.217 0.035
- —9 Q59 04 — 7 —97 —
, Mean  —3 123.008 2852, 946 3067, 301 2701, 956 Inf Men 66X Lol S 15,308 111,966 826
7 F5
-7 6 13 n "
sd 512 88 367787 399 139 28449 NN Std  1.258X10 2.857X10 0.765 73.811 0.726 6
; Mean  1.268X10™*  1.326X10° " 5.238%10 " 0,201 0,021
. ron 6
. Mean 0 0 0 1758 8547 S LIOXITH LS0XI0T LTXIo 0045 0,006
8
s 0 0 0 L 188 Lo . Mem —15811.222  —12553.053  —9495.657  —10619.818 —Ii
S 2579.039 936, 145 1487, 914 1187.730 NaN
Mean  8.882X107"¢  8.882X107"¢  4.559X107"° 4. 441X107" 0,750 Vean 0 0 0.307 9,028 0,273
F9 F8
1,561 16490 1.4
S 0 0 6486101 0 0.792 S 0 0 % .49 »
o Mean  8,882X1071¢ 8 882X1071¢  2.019x10 ™ 0.002 0.791
Mean 0 0 0,011 0.131  7.176X107° Std 0 0 4 44X107 10 0.005 0. 66
F10 ‘0 Mean 0 0 2.609x10~* 0.002  1,389X107"
—6
Sid 0 0 0.015 0.0 1.630X10 Sid 0 0 0.001 0.0 1.678X107
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Fig. 3 Comparison of fitness values for function F1 (dim=10)
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Fig. 5 Comparison of fitness values for function F3 (dim=50)
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Fig. 6 Comparison of fitness values for function F'5 (dim=10)
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Fig. 8 Comparison of fitness values for function F10 (dim=50)

3 4k B K BR = 3] #1 (Optimized Extreme
Learning Machine)
3.1 BEESHER
BT R == I WL A 2R AUE W, FIFREZ 1 280 19 (8
by ABENUE X T E —ILAETE X+ 0 ASBEVLEL, TR
HREHLECA B 5 3O L iR e e 22 DRI AT LA 2% je s A2
BUE B2 ST B E AT . 2 SE PRI,
(DB AE 19 B8 2 5088 A 2 T /B R 2 4E it 4E 19
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()FIHRIL ELM (S5, #0 22 B2 1 280 580 L
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PG PR g () sk
O WIAL ISSA B S5 R R s R 1) (07 7 Yk BHL(RY) B JiBJE(MSE) bRl (STD)

= — N Liva ERE Jim = 2

fF R Wb BRI DL AL dim =1Xn+ L. Beide piag SSAISSA- L SSA- ISSA- L SSA- ISSA-
WD F(x) R ELM 58 78 Yl S5 i 2 v 19 35 5 MR 1% 22 " ELM ELM ELM ELM " ELM ELM

(RMSE) s FIlFH 1SSA F-4RA1E £ () S/ IMEL I 1Y 3% AU B, B
A3

S (13

% DT, —Y)?
o, SHFEARE T, 0 R 25 L, Y, S SEBrf
o

(5)i& [l ELM BEALEAR 9 Wb FIB .

(6)F AR Wb R B £E R ELM (9240, 857 ELM #
TR,

(D PeE RE(R®) F iR % (MSE) FIARE 2 (STD)
=AMEREFEFRXT ISSA-ELM A9 BEUEFT PEAR .
3.2 EEFMBRRT

N T AR SSA ik ELM A9 A R0tk f il 474 LA &
ISSA B PERE . A< 32K A UCI(University of California, Irvine,
TP SR 22 R SC 4345 B B 04T 47 0 5 36 0 TR S5 3 1 B 4
A2 BN 5 iR, 3R 5 19 6 ML S HIE® T HE TR
AN BV BE(E & B (Spectra) | 5 75 1l X 503 78 B 7=
BB (Estate) , £ T 09 4 17 far (Efficiency) . 3¢ [ (19 & K 2%
(Insurance) \ IR 5E + 41 58 & (Concrete) FlE K F) 35k 11 A 2%
IR E(E (Air Quality) ,

g T ARIE ST R A 28 S, SSA T ISSA 1 B A B 43 —

FHRE PRECH Sigmoid, A SCHREAF— IR SR 1790 Ik
N7 H, IR IO E R (R (35 05 1 25 (MSE) 1 il 2=

B JF H ELM S8R a5 2 9 #2200 30E 8 30 /\,%

(STD) WISEMEAE A2 F L g R BG4 7 1R 2 bR
/I U WS R TN ARL (10§00 45 88 e EL U 3k R o SR

ELM,SSA-ELM #1 ISSA-ELM #% % fit 75 I P fE 48 A5o0F L 40
%6 R,

RS KIHIE

Tab.5 Description of ex| data set

Bpde v mMA %A #/ME\K SNBSS DRI B4
Spectra 402 60 ~N 50 10
Estate 7 414 334 80

Efficiency 9 768 588 180

Insurance 7 1000 800 200

Concrete 9 1030 830 200

Air Quality 11 1500 1 200 300

FR6 FNIEREFEARTLE
Tab.6 Comparison of predicted performance indicators
YoERBRY) BJi B (MSE) bl (STD)
it gy SSA- ISSA- o SSA-ISSA- o SSA- ISSA-
ELM ELM ELM  ELM ELM ELM
Spectra 0. 774 0,833 0.926 0.770 0. 442 0.170 0.078 0.204 0.044
Estate  0.611 0.631 0.641 72.546  69.857  67.164 0,100 0.100 0.090
Efficiency 0.923 0.974 0. 988 7.900 2.647 1.29%4 0.010 0.011 0.008

Insurance 0.799 0.846 0.847  3,071X107 2,360 107 2.339X107  0.058 0.042 0.043

Concrete 0.690 0.814 0.832  85.510  52.302 45.854  0.040 0.030 0.030

Air Quality 0.924 0.930 0.933  96.022  90.190  85.218  0.026 0.023 0. 024

AT 6 B EA T o BT TN A TR S DA A S A
Bali g rh, SSA-ELM BB R T ISSA-ELM £ 74) STD , {H
ISSA-ELM BERITE 6 A $U 4 42 i e R B0 J iR 22 58
SSA-ELM #E#, 31 H. ISSA-ELM it A (91 AE S B i T 5
LR ELM B8, 2253455 v] 41, ISSA-ELM 58 fi 15 500 45 2
SEHIE H SSA-ELM A RIES 2. 3%, e ELM BRI 7. 4%,
I, ISSA B Xt ELM #5702 8008 P8 A o8 4, T3S & HoAh
BTN AR ELM AR e SE 56 . SR A9 B Al
EIanE 9 Z & 12 i, HAREN SR R EidE 4 H ARE . B E )
1Y) Predictive Test S

JEszgk SSA-E j
PRI f T A L W2 % & 12 AT L& 90 ISSA-ELM I 1Yy
AR EL,

W 2 AP R T 5 SR L
748, SSA-ELMIR2= 0.885, ISSA-ELMiR2= 0.967)

FEAG S
B 9 Spectra 7 A A

Fig. 9 Spectra simulation diagram

W 55 7 O A8 I 45 K0 L
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I
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—+— Predictive Test Set
-10 O ELM
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-20 . - : -
0 10 20 30 40 50 60 70 80

FEAG 54
B 10 EstateZ AH

Fig. 10 Estate simulation diagram
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I AT A A T 45 SRR L
(ELMiR?= 0.921, SSA-ELMAYR?= 0.933, ISSA-ELMi¥)R*= 0.990)
45 : ! !
—*— Predictive Test Set : (f ‘
404 © ELM
]—*—SSA-ELM
35 ISSAI—ELM

’ fj ¥ ﬁﬁ

150
FEAG 51
B 11 Efficiency 45 L B
Fig. 11 Efficiency simulation diagram
A R U b 9 0 % SRt e

(ELMAYR?= 0.735, SSA-ELMAIR?= 0.794, ISSA-ELMA) R®= 0.834)
90 r . :

—+— Predictive Test Set
80 o ELM

—*— SSA-ELM
ISSA-ELM

FEAG 1A

150 Qn
B 12 Concrete 14 A H

4 %58 (Conclusion)
A SCHE S I PR A 48 R A

MK PR ISSA 5 4 R SRR BRI AL 1E 3 AN
() P 208 2 AT 07 OGS LS, 45 R e W] ISSA Bk B Ty
BT SHONE JEZ S 4 ) RGP R P A i S5 2 L 5 L S A T
SRAE e R B B A R, A1, K ISSA T 8 M BR 27
SJHUBAIZHL B2 1 T — Bl ISSA-ELM B84 F- 38 53 UCT i
W S L G 1Y ELM AR | SSA-ELM A5 A 72 45 R0 HE 3 A
SEPE TR E L 45 S 2 B . ISSA-ELM LA T 185 14 452 5 0 3
ML RRRENE . 28 b XA AL B AR BR 7 > MLRE H AT BEIE
SC N RASME .
£ 2% 3Lk (References)
[1] HUANG G B,ZHU Q Y, SIEW C K. Extreme learning
machine; theory and applications [ ] ]. Neurocomputing,

2006,70(1-3) :489-501.

[2] HUANG G B,ZHOU H M, DING X J,et al. Extreme learn-
ing machine for regression and multiclass classification[ ] ].
IEEE Transactions on Systems, Man, and Cybernetics,
Part B (Cybernetics) ,2012,42(2) :513-529.

[3] XUE J K,SHEN B. A novel swarm intelligence optimiza-
tion approach: sparrow search algorithm[]]. Systems Sci-
ence & Control Engineering,2020,8(1) :22-34.

[4] SUN H Z,WANG J,CHEN C,et al. ISSA-ELM: a net-
work security situation prediction model[ J]. Electronics.,
2023,12(1) :25-45.

[5] LIU HT,DAIJ Y,CHEN X Y. A moving window double
locally weighted extreme learning machine on an improved

sparrow searching algoritlmn and its case study on a hema-

c&ses,2023,11(1) :169.
, PASHA F. Shuffled frog-lea-

tite grinding process
[6] EUSUFF M, LA

ping algorithrii a etic meta-heuristic for discrete opti-
mization J ]. Engmeering Optimization,2006,38(2) :129-154.
%ﬁ','i}é‘%,%?. B TR E AT RS 4 AR
#[J]. 3 AF,2022,42(11):1889-1899.

NG C R. Simulated annealing: theory and applica-

7 POLI R, KENNEDY J, BLACKWELL T. Particle swarm

Q@iom [J]. Acta Applicandae Mathematica,1988,12(1) :108-111.
”

optimization[ J]. Swarm Intelligence,2007,1(1):33-57.

[10] MIRJALILI S, MIRJALILI S M, LEWIS A. Grey wolf
optimizer[ J]. Advances in Engineering Software, 2014,
69:46-61.

[11] YANG X S. Bat algorithm for multi-objective optimisation[]].
International Journal of Bio-Inspired Computation, 2011,
3(5):267-274.

EEE:

REBH (2000, 5 AR, BRI B REIH R FIBLAS 5~ .

Bk ik (2002-) s 20 AR A: . BFSE UL 5 A2 2 REH B, AL

ER
X & (2000-) , T, AR, BFFE AT 5 A2 8 RETE 5, AR AE
P,

B2 (1989-) . J, 1t B iz . WF ST 0. 2 2% i e 4% 1
BLas ] IR R R . ASCEGIEH .

& F (1985 L Mk BUT W, BFFE AT 5 AR R RE TR,
Plassr>d .





