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A new shuffled frog leaping algorithm based on reverse leaping in solution
space and information interaction enhancement

SHENXiao-ningl’Q’ST, HUANG Yao', YOU Xuan', WANG Qian1

(1. School of Automation, Nanjing University of Information Science and Technology, Nanjing 210044, China;
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of Information Science and Technology, Nanjing 210044, China; 3. Jiangsu Key Laboratory of Big Data Analysis
Technology, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: The diversity of population and the depth and way of information interaction have a profound impact on
the ability of the shuffied leaping frog algorithm in climbing, exploring and development. Aiming at the shortcomings
of the shuffled leaping frog algorithm, such as the inclination to local optimum, the slowness of convergence speed
and the poor optimization accuracy, a new shuffled frog leaping algorithm based on reverse leaping in solution space
and information interaction enhancement is proposed. Firstly, the information exchange between sub-inferior solutions
and sub-optimal solutions is added to promote the utilization of information within sub-groups. In order to reduce the
probability of inferior solutions in the later iteration period and to enhance the spatial development ability, the idea of
reverse leaping is introduced to improve the local update mechanism. Then, the 2-opt method is used to realize the local
optimal variation of sub-groups and increase the diversity of sub-groups. Finally, the local optimal crossover method is
adopted to deepen the depth of interaction among subpopulations, and the reverse leaping mechanism is used to prevent
population assimilation. The simulation experiments are carried out with a test sets includes 23 unimodal, multimodal
and fixed-dimension complex functions. The results of simulation show that the proposed algorithm has better search
performance, improves the diversity of population effectively, prevents premature convergence of the algorithm, and can
adapt to different types of function optimization problems.
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DEA 1], RY -4 A e e B ) B T R A A
004 B B 5 AR S &% 7 T B N2
SR 2 BEACRT R S 2% A, A0 Tl R PR RS R 52 2%
B 2 AR EI T, B, S SRR AR Dy SR g S 1) A
1) T RWAAEANR KR B 245 H, AMTEE % H R
Feh AR BA B REA OME A A7 T 5 FE D AR 2
SRS A At b 4 MR R e AR, Tk R SR L i
FERERN N T LB 26 i Bk 57 (shuffled frog
leaping algorithm, SFLA) /& Eusuff 254 Ay e 41 &1
AT BT 2003 4F- 52 H D, 2 1E R BE ST R — A, B
AR AR HER SR 5 TSRO HIE
BUR 4R S0 RE 0 s AR AL ] T E N AME £ o
AT WA, B0~ S50l 1 i 57 Markov #5484, 73 #r
R P A1 1) B 2 R RS UE ] T R SR R 4 Rl
S, Kong SO HR M 1 —Fig m) VR A i b 505, 5N
5E 7] 18 Bl AN S 52 B, 3 ) <R 2 s A5
SR JR A RE B R B N SR AN R B R T 1), 2
e S NE L BE 0 R SR RS . Zhen S5 AR 415
PRI AL A 17 ) i U 5t o 2L SRS, B2 H — A R 4
PR S 5 1A R o 0 B SR, fe dE 2 N 45 85
B HENFE 73, AT SR A RS FE A4 5. Sharma 558
PEH T bR B A TR A B Sk, B R A K
JR P B AL B A ey o A — A B AL e 45 ) <R3 R o,
PEwn T BRI, TR T AR M3 EAE 7). Liu
SOV IR B 3 N 2 AR R L Bk SRR B
SE SR KN 73 9 T X I O R SR A — MR 4,
KRG SE TN Il R Sk SRR S AR, Sk
LT ARG, 508 T R AR RE L. 5 L,
BRI R AR A R RS R RSN L B T
BN JRy P e 110+ F8 R A5 AN SR ARG P AN v 55 1) R, o
A3 5 A R SRS BCR S A SRR AR 4 A
75 ANk L e

AR ST e G W R A VR B e B B s 4 ) TR AR AE
FRIAS A2, B B 1 70 o 2 4 A et SR, i
LR E — il i T g 2 1) s i R R R A B AE L AL
13T BV & 5Bk 507% (a new shuffled frog leaping
algorithm based on reverse leaping in solution
space and information interaction enhancement, SFLA-
RLSS&IIE), Jf- 45 Y 1 5% 0 52 00 B8 AR Ja R —
2H B A AN RS AIE 7D B8 550 70 ) 96 E R 5 SRS FA A
ROV, S 6 45 R R W] 5t SRS R 1 A - I0HS B2 e
L NVIE Ly RE 77 46 J5 T3 TH S R e o Jm K T 1R
H AR 5 0 B A SRV AT SIS B, 5 SRR W it

FEAE g Z AN E 4R T B IR 2 g R
BRI H BT i - Re.
1 BBk 5 38 R H AP AE ) &R

Wk Bk By — O A 2 AR R e R, DL
T AR L B AT ON. FEIR R R A A Sk,
e Sk EBRER LGB Vi 2 I i, B A A
AR A B, K B 0 AN [R] R 24, a3k AN 4] 1) 75 e
AR ATAR B AU, SEIL R A 2R 2 R A m AT
B — B FREE K % T R, S ARG B A He. AR
X — 5 RN, BB R AR .

step 1: MEERIAG A0, BEHLAE e N AN, o 4
MR =DV BRI X, = {2k, Thgs - Thy }
k=1,2,...,N.

step2: T HERI 43, TH AR R B AR, FEAR A
ZAB R AR AT B e HE 21, K MR 23 m 1,
TEHHANnMNME LT N = m x n. B 1IDMEBAN
1R B2 RIONEE 2 TRE BB m MRS
m TR m + LRI 1 T8, LR HE, )
Xitm—1) NEBi (G =1,2,...,m)AHELME.

step 3: JRI A B . B BEAN bR r i v A A A 1Y)
FRFRICN X g, 85 0 A B I B LR A 5 55 1 53 A
WA Xip~ Xiw. FEIEAS R, & Se iR = 30 de 0
X HE B HH R 5 8 X, 00 R TR

D = rand( )(Xip — Xiw)- (1)
Xiw + D, Dpin < D < Dpax;
Xiw + Din, D < Dipin; (2)
Xiw + Dinax: Dinax < D.

SErhtsrand( ) 2R 10, 11 1458959 05 L BHLEC, (Do,
D] FIBREEAS 0 S0V B, 2450 (1) 2 et 2 D
ANFE O VF 3G Bl I, 8 SE B 2D K BUE N D %
f 32 B 7 LI 7 AL T AR X, L R R BE AL
X USRI AR AR X, BEAC Xop T X

D = rand()(X, — X), G)

I
Xiw_

Xiw + D, Dmin < D < Diax;
Xiw = 4 Xiw + Diin, D < Dyin; 4)
Xiw + Dmax, Dmax < D.
FP U X, TR X, MR 22 1) PO AL
A AN ET R R B B 5 R, AT

X!, = rand( )(max — min) + min, ®)
For [min, max] Jy3% 2R X35, RV € K.

step4: 4 JRIR G A TR 58 B B SE R
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Ja, B EBTR G S FOREAT o AR
B, B2 B EEAE RS

TR A B R ARV 2 AL R By U OV ROk - B 1
e w5, RIS A A1 S50 w180/ A B I AT Lo A A0 75 e B
R, 3 R B BB I AT O SR A R S B L,
SRR AR S G T B, R TE I, &) TSl H Stk s
RUF R, NG AR A2 A S, £
A TILLE Jo) 308 B BT A A SR VR B B AN AL 1o, =R ()
Q) A 2RI X JRHB AR X0, R 5
Bk X Z 55 BN, FHATEELEHFAR
oy BB — e RS, X X, BB R, X, 76
2 0] N 5 — [ 52 7 R ASWTBRER, 2 T Fa N A HLUAsk
Rt Hook, 2K(5) Sk A BEAL 8 77 204 BOHT A, i &
TEVEARE, JCHAE R 5 A, 1% 5K G 2 5 J5) & 58 i
BRI, A B — 8RS R 2 N C RO, B
9> Ao FRARITE I RE 7, P3G IR =3 38 s A1 1)
MEZE; FUR, 4 Jm TR e SR I 2 ] B b g i A Ak E
BHE T 2 43X P SRS ASEIE A LS A B e
TRBEAZ 4, HLAEBEIE 22 30 AR, R P9 AN 4 1R AR ALLBE AN
T 38 0, 5 A B as A R A, T 5 B RS B
N
2 HulRR ARk EE

e R ARV T A BT 2 EE i A R A A T
&R AR S B MR TT R A K, S AR 2 )
B BRER. BRIk, AR SC NS BIRBUR . (5 B2 BIRFE
R i 7 [B) 25 K0 2% 8, wevt 1 4 J7 TR S0k 2R g 12
HH A 2 ) e [ Bk R RN USRS B SR 11 Y
R A e Wk 7% (SFLA-RLSS&IIE).
21 SIANHMESEIR

T8 A3 AT ke A e Bk SRk 1) A ST SRR T AR
I, FAF BAC B RIE H A 325 A R i J= i i
AR R JR) 3 5 25 A, DR ok ] LA i 389 045 2 SRR Y
Jr ik TR AR S 5 BE B B, SR TR
WHE BB B, 8 7 BRE SN BIE BEXT T
fife S HT BA — 8 B4R A, 75 SR 0 f 55 A B 1 [+
I, 126 5 R BB AT Xy, KT JR) B IR 5 A X e HEAT B
oA
Dy = rand( ) (Xib — Xiww)- (6)

Xiww + D1, Dnin < D1 < Dipax;
Xz(ww = 4 Xiww + Dmin, D1 < Dpin; )
Xiww + Diax, Dimax < D

DAL SRHERG AR AE 5 A (3) (4) F1(5).

22 SIAREBEERALE

il AAE A 2 1) o B B R 212 B AT — € 7 [l 1
A VA BT 5o s, T BE AL A Bk 2 LA
ARAF T P AR L, PR et X SR i 5T 3 (5) i B AR
WL, 20 R Bros:

D =rand( )(—Xg — Xiw)- (8)
Xiw + D, Dmin < D < Dinax;
Xiw + Dmin, D < Dipin; ©)
Xiw + Dmax, Dmax < D.
PR 9 3 (1) A1 (3) E 750 R P Ja) 8 s 10 A A 4 JR) e
e, ELBAT MR BE SE N R O35 3 =5 3 55 25 Ak S8,
FIT LA (8) I BB SO A5 2% e 4 = e DL A A D 15 J2 3R
IR, AR 2 ) PR A R M R e Ry e AR R T
AT JER A R 22 TR AR L A 9 9 Ak OB R T [, 3K
RESTHNE /RS EPSYNER S-S O E APNIE: & Sl
HRE T THEIC LI RE 7,47 BT Bk R A A
2.3 ENmiiBER

GO0 TR0 22 FEPEAT BT 4 9 5 ik Bk L R P
L, 3 v 3 G L, AELAE B AX i SR 1) 4 =) o 1 A
A1 53 #4888 e LAAE B, FL AR D T A5 R UK Y
M AN B A ERDE 7, K DR AN AR, 2 g AN A2 T R
1, B & G BRSO 4 2-opt iK1 X SR
B AR EAT AR 53, RIAE [1, V] BEATL AR B A 25 p
Ma(p < q), %R BRI 5 p 4 257 g e AT I
e HE51 b B2, 4 T 1T o, A RS NS S R 1 AR SR AR
Lk 2. XA AL S Ty A BROR B TR B L AR F) ¥ 345
S, SCH TN T R 1) 2 AR A, [ I S AR St Ry e 1 e A
S RO TR R R RE

I
Xiw_

N R A A e R
girg2 oo P[]

1 ERstETREN

24 THERAREXE

THERBREENGEEEZ — FE/EHT
L fRfE B H, NI E RN TR S EE+ 5 E
BB RVATE & R A I R A R S T R
A B AU, H AR S F RS BT IR E 288, 24
7, 0 SR — R B 0 AZ % D) R 2 1 5 1 A AL
s —, R EUGS SER A I IS A A B L
o 3K — i) 1, R T e R A LR FEE AN 22 R A, (R
F1NAE XA A 75 (] e ) e B SR AR A m AN BEY
Je B S5 A R AT B8 S, A m AN TR oy AR T
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TEI) JR) P8 B 5 e, 9% i ik N4 Jmy VR B 70441, BT 15: if f(X/,) < f(Xiw)
Xiw=—a1X1p —a2Xop — ... — ameb; 16: Xiw = XZ{W;
17: else
X2w = —Q1X2b - angb — ... )
18: HRAER (8) A (9) £ XL,
O X = A 1oy 19 Xy = X/,
20: end if
me = _aleb — CLQle — .. — 21: end if

Am-1X(m—-2b — A X (m—1)b-
N T PRUERT R 2 AR HLRe T R4 2 2 1], Bk
Je BRI, AL SR 2.2 745 I\ [B) G5 4 A BEE O, S B %
TR RO RRAL B A A X AT R X BT
A XALE R EFE 0 S SR 3R B4 BB R,
HrH#E S SR B N E & RN R 2
5 S, [F I At 7 SR U AME B, DAE— 8 R AL

L%ﬁﬁi%?ﬁfﬂ%,ﬁlal > Ao = A3 = ... = Um,
HARBE T
ay =1/m +rand( )(1 — 1/m), an
as=a3=...=aym=(1—ay)/(m—1).

2.5 BUHEIESI

SRR Bk IR R 4 M R g 0 5 19 3
— ol T g ] S e Wk RN B AE LS AL BT B R
AR, RS AR

A1 EET ARSI e n) Bk ER RIS B A B R Ak
(R8T L VR ek AR
00: ZHAIIEA (FIEERUE N, 7 BEEm, R 4E 5V, &)
R LB EIERIKEG);
01: BENLAE ATUR A AE;
02: for s = 1to G do
03:  TFEAEMERNE L f (X)), T RS R B 7 HE
51, AT T BRI R Xy on(oery N ALE MR
04: forj=1to L do

05: fori =1tomdo

06: TR A TR R A B AR X~ AR A
Xt~ KB X jww~ B F A X PR B A AR X
07: ifj>1

08: AR 55 2.3 40T = A LA S

09: end if

10: RAEEE 2.1 155 A5 BIE, (1), (2)- (6) Al
(7) 5 B 2 XL, R XL s

11: if £(X],) < f(Xiw)

12: Xiw = Xiys

13: else

14: HRAE I G) A () A X

22: ZIRARIG 11 ~ARED 21 {5 B XL, s
23: end for
24 end for
25: il R R [ X, Xon ...
RAM [ X1w Xow - Xpwls
26: ARAEXA0) M) THLFREAE B A, R
TRYE;
27: end for
26 SZEDH

SFLA-RLSS&IIE 5 i [ i 8] 5 4% B 32 B ok
T MEHEFE UM O(N), SRR & A F N O(Lm —
m), TR S EH N OLmV), TR F 5
HNO(LmV), TS B A2 H 9 O(m). 45 1, SFLA-
RLSS&IIE 53 i (1) B ) & 4% B B B3 43 #r 25 3 h
(15 KAH O(LmV). % T SFLA-RLSS&IIE H2% 1) 7
) 52 4 B, FBE W UR A0 IS 7= A N AN V4 B () /N4,
ZRAI RN O(NV), BB Ry B /A B T 1 7 i
AR LB 4, AN B T (38 5573 18], B DAL
)25 (B 2 A FE N O(NV). A% T SFLA 3% st 1]
HIREO(LmV) M A E I O(NV), ALz
SRR THR SR A FE IR AR .
3 fiEERSST

9 T BRIE I 4t AR B A SR TR A O, SR
F Matlab R2016a i 17 1j 3L 5250, tH H AL S 50N
Intel(R) Core(TM) i5-4210UCPU@1.70 GHz,4 G i&
AT N AE. SRS R H 44 brder 56 B0 1 g, W ST 3
{E (mean) X3 SIS STRTHRS B2, Wi SIUE A5 #E 22 (std)
17 B R I AR e 1, W SRR ST 35 28 i (CLL) R BRI
S FEARAS, At — D VR RE L 25, 5l A
Wilcoxon 75 #4636 (W), Forb B0y sE 3.2 1 i
X ZAE BN K E N 1.0e-05, 58 3.3 41 F e LR B/
W RE 0, BAS/K P E 90.05.
3.1 M EEE

DA R B30 A 50 3 A B 3 488 2 ) A 1)
PERRIINA I 2 TR, R T REWE 78 3 B0 E BT 92 Hh 5t
SHE AR et SR A R, DR R P A A R
F&E A R, 348 BCH A STk ) 23 /S DU eR £ D il

me] %HE%ZB
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iﬁ%m'm]. Hov R fr ~ fr NBRIEREL fs ~ fis
k@li& f14 ~ fzgﬁlméﬁ}#?ﬁ/ﬁgﬁg % PR
é&@ﬁ%%ﬁ%huT%mxmnzm]
32 BUEREEBMMIIE
ASCLHE H 4P Ut SR, 2 Sl DR SR B
34 4% 295 (adding information source, AIS), 5 3t %

®1 MR ERIERBONARITE

R Hik mean std ClL W

SFLA 1.675 3e-04 1.9809e-04 1000
SFLA_AIS 6.272 le-13 1.6257e-12 1000 +
f1 SFLA_RLP 5.2579e-135  1.9693e-134 1000 +
SFLA_VLS 2.772 3e-15 1.098 Se-14 1000 +
SFLA_DIES 0 0 394 +

SFLA 0.04667 0.0620 1000
SFLA_AIS 8.229 4e-07 2.379 4e-06 1000 +
fa SFLA_RLP 4.616 4¢-89 1.626 2¢-88 1000 +
SFLA_VLS 8.888 5e-14 8.1613e-14 1000 +
SFLA_DIES 0 0 774 +

SFLA 59.7210 22.0611 1000
SFLA_AIS 4.513 2.1523 1000 +
I3 SFLA_RLP 0 0 606 +
SFLA_VLS 1.033 8e-40 5.2279e-40 1000 +
SFLA_DIES 0 0 691 +

SFLA 5.8951 1.1030 992

SFLA_AIS 3.788 1 0.7926 997 +
fa SFLA_RLP 2.948 le-13 4.044 0e-13 987 +
SFLA_VLS 0.5138 0.5336 1000 +
SFLA_DIES 0 0 886 +

SFLA 78.6354 48.1573 1000
SFLA_AIS 50.678 8 33.2536 1000 +
fs SFLA_RLP 28.798 5 0.3218 1000 +
SFLA_VLS 25.7364 6.8921 1000 +
SFLA_DIES 28.7599 0.069 6 997 +

SFLA 3.169 5e-04 8.7492e-04 1000
SFLA_AIS 4.650 3e-12 1.448 4e-11 1000 +
fe SFLA_RLP 4.8223 0.6552 1000 —
SFLA_VLS 1.347 6e-15 1.8102¢-15 1000 +
SFLA_DIES 2.756 51 0.5599 994 —

SFLA 0.0011 3.564 2e-04 762

SFLA_AIS 5.926 5e-04 1.844 0e-04 836 +
f7 SFLA_RLP 3.1034e-06 3.3834e-06 522 +
SFLA_VLS 2.282 3e-04 1.086 5e-04 723 +
SFLA_DIES 2.747 0e-05 2.6122e-05 553 +

] Bk ER AL (reverse leaping principle, RLP), SZH J& 5
AR A% 5 (variation of local optimal solutions, VLS)
HMAE 4 JJ) R & AL 7 B (8] /5 B 22 # (deepening
information exchange among subgroups, DIES). A4 iE
i — b SR PR R, K 4 S0k SRR 23 0] 9] N FE A
W Bk RV, I 4 Fh SO SR S R A B AT LU,
FEZHORCE P P EEAMA SN 80, THEA
Hn 10, RAEELV 430, B4 T8 R A AR S L
120, 4 JREEARIREL G A 1000, R AT Z 17 30
KRN R2MB 3G 1 4 Fhosidh S mg 73 i E Ll
BRI BN 20 06 e 5P B I S R, B S IS M bR

WEZ | WS 3525 B0 Wilcoxon 55 FRAG 06 45 5. >
F=2 MHERAESERBNIKGITER

BRI Bk mean std CL W

SFLA —6.0194e+03  669.4891 1000
SFLA_AIS  —7.0798e+03 5092175 1000 +
fs SFLA_RLP  —6.6413e+03  609.3674 1000 -+
SFLA_VLS —1.1421e+04  889.0447 1000 -+
SFLA_DIES —7.2537¢+03  555.6096 998  +

SFLA 14.4022 42179 1000
SFLA_AIS 12.9364 5.8644 982  +
fo SFLA_RLP 0 0 9  +
SFLA_VLS 0 0 802  +
SFLA_DIES 0 0 24+

SFLA 0.9252 0.6957 1000
SFLA_AIS 2.5782e-04  6.8262e-04 1000 +
fio SFLA_RLP  1.1250e-15  9.0135e-16 203  +
SFLA_VLS 5.3535¢-09  5.8595e-09 1000 +
SFLA_DIES  3.6119e-15  1.5283e-15 62  +

SFLA 0.0419 0.0330 1000

SFLA_AIS 0.0456 0.0586 998

fi1 SFLA_RLP 0 0 121 +
FLA_VLS 0.0023 0.0036 830 +
SFLA_DIES 0 0 26+

SFLA 0.0110 0.0428 1000
SFLA_AIS 22877e-09  1.2527¢-08 1000 +
fi2 SFLA_RLP 1.6404 0.3109 1000 —
SFLA_VLS  6.2008e-18  1.2520e-17 1000 -+
SFLA_DIES 0.0050 0.003 1 989  +

SFLA 0.0019 0.0042 1000
SFLA_AIS 22877e-09  1.2527e-08 1000 +
fiz  SFLA_RLP 23742 0.3109 1000 —
SFLA_VLS  6.2208e-18  1.2516e-17 1000 +
SFLA_DIES 0.2964 0.1895 987 —
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®3 B~ fis T Wilcoxon FF ST it

U + = - gm
SFLA_AIS 12 0 1 11
SFLA_RLP 10 0 3 7
SFLA_VLS 13 0 0 13

SFLA_DIES 11 0 2 9

T “47 =" L “=7 R N S0k SR I R
RTT L EETT L CH T AR, gm R “+7
5O AN EE.

XF T LU R B B T AE f TR, A SFLA_AIS
A SFLA_VLS & WL AR A, HoAth 2R £ 4 B ek 55
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