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Ant lion optimization algorithm based on cauchy variation

YU Jian-fang, LIU Sheng, HAN Fei-fei, XIAO Zi-ya

(College of Management, Shanghai University of Engineering Sciences, Shanghai 201620, China)

Abstract; In order to solve these problems that the ant lion optimization algorithm(AILQ) is easy to fall into the local
optimal stagnation, convergence precision is low and convergence speed is slow, an ant lion optimization algorithm
based on cauchy variation is proposed. The adaptive t-distribution of cauchy variation is incorporated into the ant
lion optimization algorithm to improve the effective. The elite ant lion individuals were selected by roulette to
improve the adaptability of the ant lion population and the overall optimization efficiency of the population. The
adaptive cauchy mutation operator makes the individual of the ant lion less constrained of the local extreme point,
makes the search jump out of the local optimum quickly, and greatly improves the global search ability and
convergence speed. Function test experiments were carried out on CALO, ALO, FPA and BA algorithms through 9
standard test functions of single mode and multi-mode. The simulation results show that the improved algorithm
proposed in this paper is feasible and has better convergence speed and optimization precision.

Key words: ant lion optimization algorithm; cauchy mutation operator; Roulette search method; Flower pollination

algorithm; bat algorithm

1 3= A DB R B Eh 2R L 5 T B A
LA 0 e B BOR 22 i W T 58
WAL ST 5 CALO) Y SR B i g il & BROCARBO LA IR . OISR 75 — 22 48 Hh il i B
WAL A S BN S B 1 AR T R A SR e, OORSE FTAT R AR AR AL™ 7R 52 A% M 4% o R AT AL X 42
BIERZ R AR R 0 — A LB Bk e IS AL o 1) A A4 X AR A

IFEHHEE: 2018—07—30; & HEE. 2018—08—28
HEWMB: ERARPFE4TH (61673258,61075115)



46 P T2 SR

2019 4F

Pt T TR T B AL T A WOU P8 Ak 53 ¢ CTA-
LO) 5l AIRME T4k SVM 280, BRI e T A
FF A LRI IO (L (A TS B I A S . X /N
SR FH R e OIS A AL SEE S T RGN
H I 7 S I A S o (L R 50 3 ) &5 SR IR 8
NS A T B — A ko, SR AT PR
T3 LA S i WO AR AL 553 (LEALO) , b FH F 1k
Fk B A T ARS8 1) SO (R 25 SR 0 R
IS IRAR A Bl 23 ).

B X A L SR A S B g FH v o0 A B A EEK
P& T TN P AR S BT O LA AR

2 WIRRLEE(ALO)

WSOIAIE P SR 2 AR S 4 HR A5 4 A ) 4l
AL BRI fie ) A — PR R TR k. A T U0
SAEVD I 147 AN R R/ INEIE B 35T S 7 B B
L Y D7 S R IR A T L. S AR ) T I
Oy bt 2 - e, FENZ Se G
B E B ST — 5.

PR TR B LRI AT TA LAR 7 AR
A

(1) B LAAS [ 4 il WL T A 25 A IO 4 1 %
=z [ A Bl HAlf e 4T o 52 [ B v BT FR

(2) BERLTF A 1 T 00 0500 B A 4

(3) WM BE 77 15 B AT A4 N 2 JRCAE L.

(4) B — IR ] LR — kAU e — A

e O 2.
(5) BEAILFAE A4 7 Bl T LA A 3 o7 st/ RUSEAL
W 1] SR AT .

(6 20 SR 0 L SO P 3 7 {1 5 vy B R
LGRS

() WORAEAAE Z )5 2548 A & HOBE 7 B4 3K
AR E  IFEHE TR T — Y AR b, s
—3E I B v Y B R e R A A L
2.1 W ERENLEEITA

H T TR e B AL RS sh 1Y, B
BLIEE AT

X)) = [0ycumsum (2r(t;) — 1),

cumsum (2r(ty) — 1),

oo ycumsum (2r(t,) — 1) | (D
s cumsum FyiHEECEH BIMAT 0 S22 A R
Boi s S HETREARIREG r (0 22— SLATR Y
BEAILPREL -

D 1 ?f rand > 0. 5 2
0 if rand<C 0.5

K, rand JETELO, 1] X [H] A 4575347 I REATLEL.

TEACA A 7 SO R0 ) A7 ¥ 4 PR AT AR AL
R L SRATA [ YA VAR FE SR AR 0 38 W AE PR AT
T (B BRSO R B 3 SRR A L

W L B AL A A0 KRN FRL AR T A =D,
W WAEAR A Y B — 20 TR AR LABEHLIE AE 19 7 BT e
ATRYAL . S SR A T
(Xﬁ*ac}g)fa(ibj*c‘f)_‘_ci 3)
A, X0 OE i HOE IS ¢ YWOE R RIRLE 50, F1
bi 53R 5 ¢ R g R L R e IME RN B KB 5 ¢!
Fdi G AEAR RS ¢ DGR R/ ME A iR R
{H.

BEAILIT A 00 52 3] 1 O e B S R RN 52
Me. FATTRF X AR B AT T RO E L, SR T
i

= AL+ ¢ 4

di = AL +d' (5
Koo od' SRR ¢ PGB TR 7 & 1 e/ ME R
B KAE s cf i 25 ¢ s BT AT AR i ) SR/ ME RN
KRB ALY WoR 155 ¢ YGE PR PR 5 « S0
EOFA
2.2 WREIHEIEHLE

0 R A SRy S PRI — T8 2 A SR 0 1Y) B
51 el AN VU R A R Y R AP e R L DR R
VAR B AT D 7 {0 ity b R e % MO . s L
N TINA YL NGB SR IRE

DO B QTN EOE o R ) I (3 40 3 2 VAR P VA e 2
TG AT B B 3t 7 P A 8 B ) 9 T e . >
WOHE K I — R T AE B B IS B ATt 2 B 4K 1 4
BIF %) Pt A S LA B PRI 64 O 11 4 g i
AT R 2l R B Y A E S AR N S
(]I s AR e B o B SO SE 25 DA B BIF v o0 1o i 2
PITD T A S 1) B B v TR AT AR B PR
FEl 2By 7 2

Xt =

c’:% (6)
T
d—I )

AP T =107/ T) WO B B A4 TE Bl R /N s o
Je— B T R KA EAUE o AR ¢ IR
AT A AP R AR A o d R 1) L A ¢ Ik



630 TEED A T PR S ) OO A A7
b T A 7 o A B R VLA R IR RE J)  SCSIORs B2 LA KRR B2 e I A7k

TFAE P S5 I B B W) Sl 7 {728 745 T vy i
) s LIRS B Vb B SR, U
224 AL R B AR O B A R 7 L DA n
FHOH A YW ML 2. WO ) 57 B8 g Oy B A
ALS = Anti, if f(Ant)) > f(ALD (8
KL AL FoR TS ¢ APk B0y E ¢ AU iy
L T Anet WIRIR S ¢ WEAHYEE ¢ A5 1Y
(A

TERFUGEACH AR R 48 B R 7 Bl 4R 15 1
SR ) WSO 7 F DR A7 R A S O, PR T A D i
I AF B 5 A i LA B W12 RE 85 7 15 A R i v 5 e JiT
A5 W WP B B L I B L M A S S R RS
I R BB AL E AT

oty = R R
FH RUGRTESS ¢ YA pl 48 25 10 0 22 36 11 g i
MY REFLIEE 204K s R 2 7R 55 ¢ kA B AL
TR DO R 1) W P A 5 T A U R OR 5 ¢ I
RS « UG

ALO B3P BRIT

HBR 1A B SR EREL T o 15 BRI
BOREIECH NumB . NumY  4E%8 dim L K 28 5 75
ufl.

R 2 AR A O TS 7 L A4S B
N7 BEARL I 1 SR dre L AL o I35 7 L K P A 358 Sy
RSO A, T = 1.

AR 3 5 38 Ak A A BT O A TR A
F D S PR ¢ Fid 1R, S5 BEAS FE
B ARG S s U ) Bl R MILI A R (D ~ (8)
Aol ) D D2 AN R e S A SO L 22 S AR B X (9) SR
EL LGOI A

PR A IR R 2 0 AR HE K (8) 5 i
B ARG SISO T LY o R I R e AR e O )
frE BB .

PR S5 HIBHZ A R AR B T AR R R IE AR
UL A7 IR B T S5 JORS BE o W0 SR A5 Jpe A %) U 437
NPT 25, A0 YR 3.

3 ETHAEZREFRSHNBIMANLER
(CALO)

BEXTBOINEL B A R L e — 2D 4R T BT AT
78 S (R ORI AL SRk
ARG e T S B T AR R B 14 v

9

] Y 338 SRR A e 1 A A AR SR A P AR S
SR W IO P SRR SVE O AR B T R AR T AR AR

FIPE AT

¢

EETCEaON

AT PG 53 A3 D UEE . i) A I A 0T S22 7>
A2 Jay Fi AR AR A 20 SR T T A VY % S /5 T B O HL
FRT VG 313 A (AR X 55 /0N o SO 7 722 S I 25 A 2 A
XoF A8/ B4 TR A 5 2 AH <08 IXCTR] 15 5 22 Y I (] T 7
T2 R A L AR e i O AR A S A S
$o4 Ry e ARy T LA AR & 5 R 0. A B
TRANT P A 4 0 OO0 A 53 12 A T O Ak G L 7
RSO BPRAS B5 1 ANRMART PG 3453 1) BEAL )
o, AU

2 = x+ 5 Cauchy(0,1) 1D
K2 HWILRHLE = BHEFALE ; Cauchy (0.1) J2
t = 1 I AARAERT PG BEAIL S A1 5 ZHL g 2 HIRAE S
V4 53 A 78 S5 B 1) — B

FE TR VG 2% S (R SO A SR ) 2B TR

ABR L AT R A WO A Bk P BR 1 ~
R 4

R 2 AEHEATEIRESS o 2 WOIHEAAR o AH 48
PIUGEAC I LT B 22 50 0 e DUAE AR E R o s el
ERIC % T RIS, FRATTI R B2 B AR i e e A5
WIS 5 AT AR P A 5 5

IR 3 AR FEBRAE < Sk SR U OW A A B3
A B ) 30 S S A B FLASE L SR 5 i AT 7 72 S
A — 2D TR A (8 67 5 O S SR DL E.

Ay = Ay + A % Cauchy(0,1)

AL, = AL, + AL, * Cauchy(0,1)
s Aoy AL 2 T SO 85 AN R (8 0] 46 47 5
Ao S AL G2 VG AS S AR A IS SR L

4 REMAKE SERSH

4.1 BSEEE

L BT Y S50 F- &5 Window?7 .64 bit R4t .
32 GB N1F. % MATLAB2017b $Ef7{) E50 5.

AR SCHEHR T A 1 WO 57 CALO) AL 4 B
% (Flower Pollination Algotithm , FPA) Fl s i 4.
% (Bat Algotithm , BA) 5 JE T4 P4 A5 5 MU 4 Y
WAL (CALO) sR BT AR A S SR X b, T A Bk
I SRS — R PG — 8 R 30, 3%
FRUE B R 500, HARUE TSR A PSS &

— o< ax <+ w 10)

(12)



48 T T AL

2019 4F

HRPE.
4.2 LR

AR T — L R JOR X T 9 CALO
(R BB A — 25 b . ) B AR AN TR R AGE 7

PR BCHAAT AN R B3, AN A R 4E B2 R CALO
APERE. DR i) B L RS BRI — PSRRIV %
ST BE A G T AT JR) B8 64 i (0 (A 4 SRy e A
1R 2 R ERAA T LR R L

®1 BESEAENRTH

PREL B4 b Fuin
Fi(a)= LZI]I,Z 30 [—100.100] 0
I«‘;)(f):il\.r,-wﬁl\f,\ 30 [—10,10] 0
Fy Co> = 21(21,,11-1»2 30 [—100,100] 0
Fi (x> =maxi{ | xi | 1<i<n) 30 [—100,100] 0
n—1
Fs (x> = ;[100 Cxip1— a2 2+ (x;— 12 ] 30 [—30,30] 0
Fe Cx> :,ilif} “+random[0,1) 30 [—1.28, 1. 28] 0
K2 SEESEERY
PR Ei 2 b Frin
Fr Cod = 3 [a2—10cos C2rai > +10] 30 [—5.12,5.12] 0
i=1
o 1 n ) 1 n
Fy o> =—20exp(—0. 2,/ L 807 ) —ewp (- $scos s> ) 20+ 30 [—32.32] 0
n ;=1 i=
Fo o=t 5502 — T cos (55 ) +1 30 [—600,600] 0
4000, =0 N7 ’

4.3 KWHEREHH

AR OO A A 3 1 CALO)D | A6 42 8 53 7%
(FPA) Filb i 5 1k (BA) 5 3 7 725 S5 ol b 4 it
Wi (CCALO) $E47 R AL AR 19 25 3 5% L, DA IE
CALO [FPERE. Ak /b 52 56 o BE B (14 52 1 5 43 3]
E SRR -3 AR Ty 2.

X TR FR v I 3 bR B, A 1 AR RELCT
P 0 S WA 1 SO o o T 2 DU
RIS R R .

MR PGS 45 T mT LA 5T A i s 45,
AR SCHE 14 FE AT 0 A S 1 O A T A ) e A
(B Y (E . bR ofE 7 22 2380 B8 T ALOL BA,
FPA. X} T RS F, —F,, CALO 193] 17 Fig b (1) %
A, TSR R ILE] T 100 % . MBEIH BAL T )55
P H A IS FPA F BA; X5 TR ELE, . CA-
LO BARPIEAGEF] 9. 64E-15 (7K, (B A8
INB] T ISR H A AR YE R LA B 4 5 X T bR %K
F5 ,CALO MR LT ALO, (H 2 HAF- Y (H
Fbr Ty 22 00 A T FL A 5 AR 22 L 16 B 0 i
U HASE PR AT s X F eRELFs » CALO (% 88 {4 1 B i
i ALO IRZ, BA 525 X T F; (Fy , CALO #5348

ORI TR RAA E] T 100 %, i T H F0E 1
AE R AT H& e 5 X F eRELFs , CALO (Y I3 &5
RAEARKRLEE AL T X L R A B i B M, -
AR R AP ALO IRZ.

WIdARCF, JFo JFy JFs 5 3CERLO T 3L [F] i AR
WERRELE | F, JFs  Fo 25 R E A7 X E, AR B S i T LA
B ARSI ) S A (A - B i A2 T
SCHk 9] M B E & B LEALO DL K HE X} 1 & ik
CLALO,MALO, it W] A 3 8k i 550 1 SO0 M g
iy

SMASR X T BRI R B, OHE 1 B CALO
FRIUAT S0 B e, 1 R B 4T, 100 %6 3K 3] T o) b i
e, 50 Y083 T LS It » T A& ik 5 X 2206 R B
A — A A M B Bh i, T CALO
(IR ZE L R 100%6 3K B T LR A, 6.
TY0IRE] T S R BEHH CALO 1 £ 15 o8 B0 i
D5 B SRR A

AT fAj B OELOW b X e CALO Bk 5
ALO.FPA .BA R 82 0 FHUEERE B L /T
Hrb 75 I o B 7R S5 P 30 YR 7 )
H— VR I SH 28,



TS A TR AL S OO A

49

Convergence curve

Convergence curve

Convergence curve

- -——-_————_= .
10° e T 10°F = N 10° S S
g — CALO § 10° — caLo g 107 — CALO
s | 0 FPA s |\ FPA s 0\ FPA
", ---BA ‘;4 --.BA ”'4 —--. BA
§ . - ALO IS - ALO & --- ALO
10° m 20
= =107 =0
L L L I L L L PR 107 L ! L L
100 200 300 400 500 100 200 300 400 500 100 200 300 400 500
LRI B IEARIR B BRI K
(a) Fy By 3 AR 8t 2 (b) F b 2% Rl S o 2 () Fs 3% Rk g i &
Convergence curve Convergence curve Convergence curve
10° \ QP s [0 SRR
g — CALO g — CALO g s — CALO
= 10°F 1 e FPA T‘E[ 1w FPA f‘ﬂ DO | A — FPA
& __.BA s __.BA = —-.BA
e -.— ALO U= -— ALO = --- ALO
m juig m
R B ol 10"
1 1 1 1 1 1 1 1 1 1 1 1 1 1
100 200 300 400 500 100 200 300 400 500 100 200 300 400 500
BRI K LRI B BRI K
(DF, ty & KRR s dh % (e) Fr i 2 R M St 2 (D) Fo iy 2% £ M8t e %

&1

M HAT LB 1, CALO %43 1] DL 7E 55 4 A At
[i) P 4% B e (B B8 3 #6300 T LS B (8, FLUSCss ity
LRI T AU, X BEEH T CALO 1y -t P g
1o RCSIORSCR E , EL A AR i 1 T e P S WO SIONS
. Fo JFs JF7 (Fo A eRE ISt 2 32 B L 26 64K
PREUAE 100 2247 I B Sk i 42k © 2238 31 T B8
e H— A FE, 7840 E B CALO 4 S PE fEAR
1R LSO RN SIORS B2 AH EE At bR BICER A AR K
3 Fy e A R e T RIS (A, (A2 H
FAR ) T B AR & 05 X TR gL F,, v LB
H ACLO FH H ALO 75D bk Hh b2230r #e fe A
(B 3K L EUZR SN {7 B B A IERE T CALO 7 i it
Z WSR3 L I A RUR T T 2R R ik
FIUA KRR T & e

5 #FRIE

AR SCHE T — ol B A G A S g O £ b 5
P CALO Bk, 2 55 1 e WOs 4 & 58 8 J5 » R H
O AT P HH RS B OB AR o o8 O A 7 35 1
P S AR B SR FOURCR s R BA 38 W A4
VYA S B3 {45 WO AR 32 R AR S AR
KBRS P Bk B R R I » BB ZEAR RRR B ks
WSO A2 A 5532 B B Ry 3 e A8 UL 50K J3E AR 14 AN
SEL AR ELSIR S BAE ] CALO B 2 al 4T A 200

1 o5 4 A 15K AU S e 2

HArEREA TR S .

RSO < 1 e AR SO S JAEHT 1 9 ANl
10K (EL 2 A B A M 00 X R K 32 A R AT
I USSR A" I 418t 38005 5 L iy fe ok i
VLR B4 0 U0 PR RE 2 — B IS AR
e R R — A R Bk B 2 S B AU

S 30k

[1] MIRJALILI S. The ant lion optimizer[ ] ]. Advances in
Engineering Software, 2015,83(1) :80-98.
TALATAHARI S, Optimum design of skeletal struc-

tures using ant lion optimizer[ ] |. International Journal

[2]

of Optimization in Civil Engineering, 2016, 6 (1)
13-25.
MAHAJAN A, KAUR M G. Community detection in

complex networks using a novel nature inspired algo-

[3]

rithmic approach based on ant lion optimizer[ D]. Tha-

par University Patiala,2015.
[4] YAO P,WANG H. Dynamic adaptive ant lion optimi-
zer applied to route planning for unmanned aerial vehi-
cle[J]. Soft Computing,2017,21(18) : 5475-5488.
RS i B T4 A5 IR T A LR Y WO O
LA SVM ST iR 2 5 5%, 2016,
10(5) :722-731.

(F48% 54 1)



o4 P T2 SR

2019 4F

5 #FRIE

ARSCRE XA I S RIS B 1 4 A L 3l
i) £k LKA TS PR A 7 3% » T B 2 R A0 A i A
SCRAIE XS RO HEAT 2328 Hh 52 56 B 2 T, AR S
VWEO J5 i I JMERE 7 AR L TS
IPRITIEA A —RE U, e I TR AT
TR B SE (0175 T2 ) BEAT 5 v A ) A T I 06 3
Z A AT AT AU IR e A 3 2
— LR O SR B R T

S 30k

[1] TURNEY P. Thumbs Up or Thumbs Down Semantic
Orientation Applied to Unsupervised Classification of
Reviews[ C]. Proceedings of Annual Meeting of the
Association for Computational Linguistics. Philadel-
phia, USA, 2002.:417-424.

[2] ALMATARNEH S, GAMALLO P. Automatic Con-
struction of Domain-Specific Sentiment Lexicons for
Polarity Classification[ C]// International Conference
on Practical Applications of Agents and Multi-Agent
Systems. Avila, Spain, 2018.

[3] LIUKL, LIWJ, GUOM. Emoticon Smoothed Lan-
guage Models for Twitter Sentiment Analysis[ C]//

AAAI Conference on Artificial Intelligence. Toronto,
Canada, 2012.

(4] A, BAE. HLasET 5 ORI A i o 2o
FIrk[Cl// BAREFAE S TR 41 Kun-
ming, China, 2016.

[5] MIKOLOV T, CHEN K, CORRADO G, et al. Effi-
cient Estimation of Word Representations in Vector
Space[ J]. Computer Science, 2013, 5(4);243-254,

[6] XUE B, FU C, ZHAN S. A Study on Sentiment
Computing and Classification of Sina Weibo with
Word2vec[ C]// IEEE International Congress on Big
Data. Washington, USA, IEEE, 2014 .358-363.

[7] ZHANG D, XU H, SU Z, et al. Chinese comments
sentiment classification based on word2vec and SVM
perf[ J]. Expert Systems with Applications, 2015, 42
(4):1857-1863.

EEE T

o H,0964- i, Bl B 7 10 S B AR
BB UEBRE.

B ORGERNER) B, 19940 LB A BF5ETT 1 R
BEIE A 15 28, REE. Ermail : 1105741346(@qq. com.
BETE L, 99 MW AE. BF9E T m R E A
1R G, KA.

(4% 49 70

(6] BA/NELXIT S, mlG weak w5 vk T-S B
RET M R R LMt R IR LT /OL ], =i 5 uesk . 1-7
[ 2018-06-11 ]. https://doi. org/10. 13195/j. kzyjc.
2017. 1282.

(7] FhhE BOUNE, KFR, B Levy Z8 R S 3 A
TS G AL A WOIR A AR SR [T ] B RE R F
2018,13(2) :236-242.

(8] LT, sk &, S0l , 45, BT P 307 3 A T D A%
SRR AL B LA R LT, ML TR SR, 2016,
38(6):1171-1176.

(9] SRR, £, B, 55, FET [ & N AL FIR 75 42
e AR AELT . S F2= ST, 2017, 34(9)
20-25.

[10] ShHEBY , BRES , XUSHE , 25, L T4 PG 48 S5 i S w4 5
BT B P2 5L, 2017,34(11) £ 26-30.

EE B

FEFE #1992 LB A, BERE 5 R R RE R
BRI TR I E .

X FGEIES) B, 19660 1, 2R BT A
TH e 8. E-mail: m18817568572_1(@163. com.
BEE 4, (1993, WLWFgT A, HF 505 oA B RE SIS
mhgE.

HFHE o, (1994 B-HsR AL, DR T 0 8 Re Sk VT
H B 51k



