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Abstract  Shuffled Frog Leaping Algorithm (SFLA) is a population-based novel and effective meta-heuristics compu-
ting method, which received increasing focuses from academic and engineering optimization fields in recent years, Since
SFLA is a combination of Memetic Algorithm (MA) with strong Local Search (LS) ability and Particle Swarm Optimi-
zation (PSO) with good Global Search (GS) capability,it is of strong optimum-searching power and easy to be imple~
mented. In this paper, the fundamental principles and framework of SFLLA were described. Then, the related researches

of SFLA in the current optimization and engineering fields were summed up. Lastly, the future perspectives of SFLA

were presented.

Keywords Shuffled frog leaping algorithm, Meta-heuristics algorithm, Engineering optimization, Memetic algorithm,

Particle swarm optimization

1 Bl

FEER, EH L B SN T —FH BN LT E D
2 R R UL Bk vk BB & BE B Bk (SFLA), SFLA
Eusuff #l Lansey iy f 3 A 4 184k 5 B F 2003 E H G
HHM, B FFESCRI1TH, Eusuff fl Lansey 2317 2000 £/
—BRAFERHXE, Hitkx#k[2,3]3A N SFLA 2%
2000 AE4RHIRG . 2006 4, U4 JMAF R RIEH T SFLA
BIIERIR M AEGHRAE 2003 4. [ SFLA $2H 145k, SFLA &
BIFENG) k450, H Bl Oy 6 B SUR KB
S, SFLA B—FEFFBIRIER &R AERE
B AERIITE ARSI B R R LIT Y, EX—
AR WL 8 i, SFLA LIBEHLBE & k3 (LB B
(Shuffled Complex Evolution, SCE)! 1k 3 I~ B 48 2 f $14T
B3R, 854 T & T8t 44 2 H ot 1L B/ B (Memetic Algo-

I H#9.2009-08-25 B4 H#H: 2009-11-07
2B H (2009C35007) %8B

rithm, MA) B B F B4k B & 17 4 BB 7§ 5 3& (Particle
Swarm Optimization, PSO)R 4% &, B 5 THRE . B T RE
LR FREEHBERYE

AR G RHE
#TRERE, 2E%
MEBRBTH XK.

A1 ERMERTTA

SFLA BT AL T — B F i R 75— F B 1 (R
FEDPBS R NN, B 1PN AR TERERTINR
BA. 8-REERRT T HEETRBRNERE, R
Sk T A5 LAt i e 3 O B AR 3 L AT LA S A a8 4R B R O Rk
ot E AR TR RN . X EMTTERRE B R RE
BHER X EeA5 B AT LU o i R 4T R AR P AT
feid. TERMHITFEERE . BE.F8 . BE U RN

AR ER B R3S (70625001, 70721001, 70671095, 70971017) , BT A FHE H RV BKA

B 8Q979—), B P8, FEHR A BRI S5EE B BIAB %S, E-mail: hanyi@zjut. edu. cn; BIRH#](1958—), B, # %, 18+
AR, ERFRFT AR TR ST EMB 965,53, HE ML A RN,

. 16 o



W% . TofE BEEETT A S8 Bin— 2 E T B RE
P —LHMEKE R, AT LIEE BAR AN RIFE R &,
Y L7 A B SCFE o SR B TR AR PR SO R E B

£ SFLA o, of5 B B2 238 5 i AR A B 47 B ke 5
B, FERBEIATIIN, — B W B REE R R BB
BN ERHAERRBENFENES, REFPREEE—E
BT HEAL SRR R L LR T R B IR AL Ty i, TE Mg == 1R P
HATRMEEE R AN BB, ERBIBeE R
BRERPEZIE RIS R LB LRSI 2, 8
JERBATE AR BE LA T AR . X — I BAMES
o, BRI S R A B R k. £RENE
RBEHBMARBRZRIR S & EHERARRATR
AR BRE AR AT S BER R AR R E 2R R
A BT R AT RS

SFLA HAFEHMHELR, KA MEMILHEHETAZME
%TLEE, BAET,SFLA BLEF 29882 T A, Em
KBTI R AR GESERAL MRS | R T B R AL 5]
FEE BB ALl 8 B (R TS | M Y 2 o XY
Pk ZEEPAE RS AR EERAEET £ B iR AR
RO HET MR VTSP R0 LK 24 & PID & #8835
RN %,

SFLA B—Rh#i 24t ik, A3CLL SFLA BZEA R
B R, B MR P EEIHASH EESITEEMN
o7 FA4TURAE 5 T8, X SFLA iS5 BUR A 58 iR AT 2 T
BIERIR I E X SFLA BRI ZMEAR T #.

2 SFLAWIAREEZESER

SFLA B—Fh&56 T 1€ 07 ik BRI 7 ik 4k it
B, B R R 18 Bk BRI A SR AN B A B ok TR B
BR EVTREIE TEE S REANER e ESEY . B
BERTEES, HAREZ SHEREMEE T EREN N
#ar.

2.1 BHEABREER
2.1.1 #:## (Population)

SHAW SRR B —8E, SFLA B RIBET -4
BEALT= 4 B R 20 A0 T8 45 Ak i Se 44 AR A HE PP Fh BE , BB
BER AR ER B — A AR MR F IR E R . HE
SFLA #, M B G E BNEE. 8 BEREs 2T
RELE, X SBEEEPERMYE AENESHEEMN ,
2.1.2 #%&(Memeplex)

SRR A 2 S, B e B e TR R o EL AR I g 43 B L &2
AMHEMSWHF IR, 8RR AE AN EA. RIER
AT SR , BRI TR S AN M R R, IR BLAE
Bt BIE R A Z RIBAT RS AT #, X ot
. B 2L T IR — A e F AN R R S BT R
BRI S0 — A

FiE A2, mmt L F

1 1 m
m+i m+2 2m

nE . . .
F

IR B2 KB B MEE

B2 B

2.1.3 F##(Sub-memeplex)

i1 F SFLA fPATHESR + 47 RIE, 2 CHRL 1, 4, 10] 548
R T FERNES. RETFHRBEERTHEHEERBTRE
BARAE T BT, B R i R b 4% BGE R S T B e =4
TR . WERE TR B0 BT EL A B8 I (AT BL A o
PEA TR R KD . FRBERE R EITRS AR
HREBEB R, BT R FRBEAN RIS R, KA
BT EHE R K/ TEFTHET  FFER R TR
2.1.4 HEAE

SHAMMME R —H, SFLA R EA L BRITHS
B AL F B R m. RN BR n. BB E MR
B S A SRVFBRIN B K P : £ R BRI Ps . BB
fi#; Py AR IR 2200 s ¢ TRRRFH RO BLE LS. RARD ALK
BLR SF.£RBRTRKES.
2.1.5 FHiEiFks4

SFLA 38 % 3R Fi W0 o S8 i e 42 B0 1k K DA et 1]«

DIEREN K KR BEZRLERZ G ERBRIFHR
H15 5B B Ay s

DEEWSEE LW RPOT MR B 2355,

THWBME I S8 R R, BR A B R R HHR B4
TR RAEHE,
2.2 HEER

HEBEAGREREBERIUTH AR ANEE AN, X%
AFEHEEENPATREMS . EREERTH, B
PPAEFRESHARERN 8 RERRFEHH M X=
(zisx2svxs) P SRAREBWHKE. RSHERENY
B MR BOE N E A TR T HES , Bl RBIT#E Px. W
BERES B m DR, B RBEE n REE.MEXR F=m
Xn, HAH 1 Bk AS 1 AREE 8 2 REEHAS 2 MK
BB m HEHASm MERE,Emt+t1 REHASE 1K
B, HEMAEEAREMCE. BREHEXON, B
WREP R ¢ MNMERBEAFIEBIN TR RTHF. R
Oy j RARE S Rk, p; RAE ;7 R aoR. K
BREFEHEPHNBRITH Ps MIRER Pw, KR QMR
GMENFHREETRBEEER. ARXOTUFL. H
2RI 5 PSO BEERI it &AM EE #8450+ 40484

P, =2(n+1—5/[n(n+1D],j=1,,n D
S=Rand() X (Ps—Pw) 2)
Ne'wasz +S,—Smx<S<Sm (3)

A H,RandOFRRTE 0 B 1 ZRIBATRAEMBENLE,. S BRF
Bk K , NewPy RAREFEN Pw. IR NewPw 2
ST 4TS A, HHE NewPy SR HIEE. WE NewPy
Bt g BB AE R T Pw BTXE R AOIE 18, SR A Px RREER(2)
iy Py EEER Pw s NRIR BA oo, WEEHL= £ — 4
PR Py, AURMESEFH IR, HAEBIMAR
ERRTERRE LS, ERIERBENRERRE BITE
R F ST EHRA HT , 25 FR o B R
IR, gk AT R R, ARREA— TR ENE R
2 BB R R I,

3 SFLA WEERITSR"

SFLA B2 FERMRBMBRME S RHE B, CR15]
. 17 o



BHRT —EXTFEEFEMBTEROEENA. BEE
AT BRI T AT .
3.1 2BMRIE"

S PR 2 14 HPRANEESH.

R 2 FEUL R TR E N .

- R 3 IERENEK/NETRERF HEF D R R T fE Px,
HEGHERE A R, B F AN SRR MEFEY Y,
L YR BIEBAE o N, NTTESR V=X, f

GFNXGY=Xktmx G—1), f(G=fe+m=* (Gj—1),
J=leimak=1,,m], XB X(DFREFHPRE j ik,
FODFRARE j MR BIREEE.

ER 4 RE SFLA BEAR £GP 1T TH#
e
$®5 WENTHEBATRE. EEMEEARHEITIE—
BTG Z IS &N IEBE P 8 SR BT AT HE T R R 4
HiLR2RBIFH Px.

$#He BRITHEIFL&F. MEBRETERRNL
4, WL BT R, FNFE R, 3, EHEWSE, mE
BREESNERERXHUE, BIFRREBRHER
PERE L, AT, B KRB R P AT LME R
B AEIEEL.
3.2 Rpgiga
FRRRABEN RS R 4 Nit— BB, BT B
(1 '

BTl B im=0,X 8 im BEFHITEES, Bk 5K
BEE m TR, & iIN=0,X B iN ZEH#LHITE
2. 0% 5 LS#fTHE.

BB 42 RBEIXOESE in MERPEE ¢ MEHEA
FHER E Ps M1 Py 1% im=im+1,

43 ®/IN=IN+1,

FR 44 BEXOMA Q) UHTHEEPNREEDY
g,

Ié;;;il

B = ian 1, %
M0, HFqMED (o & im0 HENFHHE
e CZ 2 COULTT)

BEAR QO
P MR N HHtRES
AARHENM
o7 B 1Y
¥ W
&iﬁmk¢ﬁﬁﬁﬁ 2T
RAHEERIM, o
BHEND LN I & A %
oty
PB, EH E
RERBAE A
REAKR H
#iins

08

ST L
#E?

B3 SFLAEHE:HEE
R4S WMBEEF4-4 T BEENMCEGE A
FrEEHNBERRBREENTE. TR Px 28R
- 18 [ ]

(@ Py, EHEHREGERME, A
HLE4-6 WMESE 45 AN REENNE, !iUFﬁm
P — AN T IR AT AT B A e e B U 2 A
|47 NP IN<LS, DB 4-3.
B 48 WE im<<m, WHED LR 4-2, @mu%ﬁjéﬁ
BRIBRLES. :
3.3 HEREE
SFLA MEBHERZME 3 fin. RWTELTHRIE,
HEARIFHMEE. ¥EIENHZREERN, ARETBRER
EREERRITEE. AN T WA THEE A, 7T LAY SF-
LA 47— s6fR{bAb 38, R e B AT T R4 ﬂﬁﬁﬁmﬁﬁ
R R AR R SR BT,

4 SFLA MjHHX®F5E

%F SFLA fyfbilte, SFLA BL ENATHEEA
Bl TRAFG, BR B BAAREME . XTF SF-
LA B CHE B2 K B IR M 45 £ 46 19) R . 3 42 AR 150 B
B HUR AR IR BRI R o K 42 A A B 1R %R%ﬁﬂ?iﬁl
5 . TSP [GHE L R B HOAV RE%E.

4.1 HRERERLEE

TEST IR M 4444k 77 T » 2003 4 Eusuff il Lansey™ #% SF-
LA P RFKRBEMEHEREFEMEMY KEE P, £
w3 ma R ERE R LR — B RRERR, EER
AL TE, R R4 EPANET fE A AR RB T H., i
i AL SCERASR AR S5 R L3, JER RR T SFLA MR
AT SFLA Bk 7R X 28 B M E S R4 .
2008 4, RAET% AP R SFLA R T 85 & MR 4L
B, g mBRRE TS 1M EE T -2 BEne
PO SRR (1 1 SRS AT R B B RBRT SFLA
IS AT .

4.2 EHMKkEE

2005 4F, Elbeltagi 28 A %t SFLA B 3. TH % (MA),
RF BB B (PSO) . W H ¥ (Ant Colony Optimization,
ACO) R H IR (GAYIT Tt MR T B %, 48
HT &AM AENE AT RN OB REELNSEAS.
KA F8 f1 F10 X BB A B B R ¥, ¥H# T SFLA
BHMH AR, 45 88 SFLA 7 F10 BEBAR @7 mH:
REAGEEEAE , 7E F8 AR AR PR REE T GA B3k, 5 PSO
B M REMIIE . 2008 4E, Zhang 48 AU %) SFLA Hik i1y
T, 5 PSO B ik MR ARBEHER A IMAR(2) , AT
ZKBYE SFLA EHARaT AW EN., B#EHARNR
WFR EH Xp £ Py izt BT R, RandOR 0 B 1
Z IR B EEIE .

S=Rand() X (X3 —Pw)+Rand() X (Ps—Py) 4

B 4 N EA SR B A BB R 8, o
JE i) SFLA BBR7EIA 3 S ) AR B BRI T B B 0
RECEFM KBy EER T B ENE.

4.3 BEHRiLEE

2005 4E, Elbeltagi % A%t SFLA B ¥ 5T H % (MA),
BT R % (PSO) . W B B # (Ant Colony Optimization,
ACO) Bt 55 8: (GA) R g B0k M350 B 5 28 (] X 5 #hi
BHIR RS RBAT T AR, 45 B B/ SFLA KRB R A3



AL UET GABEE, 2006 4, Eusuff & AN R 5 M ER#E
BRI T SFLA B RBSE, REM MR H A 1
TERHNBESEUES. 25 AT SFLA B TR g
KRR R, i 55 GA A EE Rk SFLA &
WA, 2007 4F, 5005 % N\ ST SFLA Bkitfr T
BRSOk R E RS RSNV E. Eid F7
F 4 ERBAITT AR, RV BGEE MR R AR
BETRENRS.

4.4 BHEpEm

2008 4, Yang UK A SFLA 5 GA IR G B K@
TEFRISHWEF EFR G, UG T8N R, 2009 4,
Amili % AR SFLA SRR T K BERRMEE. #idodA
BB SR B SRR SUR AT TR, R S b 4 R Bk
1178 R BR SFLA B 1 B bs e (R BB R AT
AEEAN HR/MED W B8 FHAB R0 BARE. o, ff]
RRGEHMA THESHAS AH TERNRESEAS.
4.5 HfpEEE

2006 4, Elbehairy % A"V 3R fif 7 47 1 16 & 25K A1, He
Y SFLA B GA BIL7EZ NI R igdeRE. R E
B, 745 H A BME 25U & F , SFLA il GA #3885 31 4 A
W AR AR AR, (A8 F K, SFLA FI RIS IFT GAE
B, 2007 4%, Rahimi-Vahed % AT R SFLA R T £ B4
IREHERUE B2 HEF 1) &, 3B i K = A B B S B TR B
TR B R I AT HmG . BB ERSHAL 3
PR GA BT LA, R SFLABEBIATES K
Pareto ## , IR B H b 3 4~ GA B /N, 3 H Pareto 5
B ZFEPER ST, 2008 4F, Luo %6 A" R A SFLA Rf# T TSP
(]85, 3 5 55 TSPLIB H 7 o i i () B8 i 25 SR 047 e 3 i
BT SFLAREH RSN B8 THY 6 Ao, 2008
4, Huynh"2 R FiRA SFLA Bk T £ 4 & PID & 28
SRR, 45 FUF I 4 SFLA B dlge hE R, 2
FISCR L GA B, 2009 4F, Rahimi-Vahed 2 A5k
T ELA L U Y 28 b IR /K ZE BB RE I . R A Pareto
BB RRER N bn i HIBS SFLA S 21 GA
BT T B G5 R EH SFLA BhE & Binla ki b
AR,

HRIFE ASCTREOLEBRE L B R RHAT T 2|
gk, FEEEMILERN,SFLASIR T ERERRHTZ
K, B E AT BSOS M B AR 2 — IR E R R
R IR TR BRI T,

SFLA 8RB Xt & # ik B AS T 1R 47 By SR AR 8CR
FHAEE £ N AT R U AR A TR EME R, (T KA 2R
BHI B, TH R EREEBEANT 5HFIT. 8% 85
REFEZE—MSH WRAEE, &R EH AR
MRS EAGT HK BRERGRINEL THR ALY
(A IR A R, I T AR ey MR ERTE RS E
11464 e agBF g it — B . WA, S MK AR —
¥, 5T SFLA B 5 WA M B B . gt — 2B MBS BT R
RN E T B RS SR B | v R B R R R T
M. SERER,SFLABRY BT BB RS, 24t

TRMEAUAL IR AT BB B B RSB A0 5L
£ % 3 ik

[1] Eusuff M M, Lansey K E. Optimization of water distribution
network design using the shuffled frog leaping algorithm []].
Journal of Water Resources Planning and Management, 2003,
129(3).:210-225

(2] ZFkig. B . HEA.% —RETREEEEROSHRES
EEBE R RN TR 5 8, 2007,43(35) £ 19-21

[3] R#*m,.EEH,FWH,E ETRSERERNAHMEEMNAL
iit[J] A TEEE,2008,34(1):14-16

[4] Eusuff M, Lansey K,Pasha F. Shuffled frog-leaping algorithm:a
memetic meta-heuristic for discrete optimization[J]. 2006, 38
(2).129-154

[5] Amiri B, Fathian M, Maroosi A. Application of Shuffled frog-
leaping algorithm on clustering{ ] ]. International Journal of Ad-
vanced Manufacturing Technology, 2009

[6] Rahimi-Vahed A,Dangchi M, Rafiei H. A novel hybrid multi-ob-
jective shuffled frog-leaping algorithm for a bi-criteria permuta-
tion flow shop scheduling problem[]]. International Journal of
Advanced Manufacturing Technology, 2009, 41(11/12); 1227
1239

[7] Elbehairy H, Elbeltagi E, Hegazy T, et al. Comparison of two
evolutionary algorithms for optimization of bridge deck repairs
[J]. Computer-Aided Civil and Infrastructure Engineering,
2006,21(8):561-572

[8] Elbeltagi E,Hezagy T,Grierson D. Comparison among five evo-
lutionary-based optimization algorithms[J]. Advanced Enginee
ring Informatics,2005,19(1) ;43-53

[97 Rahimi-Vahed A, Mirzaei A H, A hybrid multi-objective shuf-
fled frog-leaping algorithm for a mixed-model assembly line se-
quencing problem[ J]. Computers and Industrial Engineering,
2007,53(4) :642-666

{107 Luo Xue-hui, Yang Ye, Li Xia. Solving TSP with shuffled frog-
leaping algorithm[C] // The 8t International Conference on In-
telligent Systems Design and Application. Kachsiung, 2008228
231

[11] Zhang Xun-cai, Hu Xue-mei, Cui Guang-zhao, et al. An improved
shuffled frog leaping algorithm with cognitive behavior[ C] //
Proceedings of the 7% World Congress on Intelligent Control
and Automation, Chongging, 2008:6197-6202

[12] Huynh Thai-hoang. A modified shuffled frog leaping algorithm
for optimal tuning of multivariable PID controllers[ C] // IEEE
International Conferece on Industrial Technology. Chengdu,
2008:1-6

[137] Liong Shie-yui, Atiquzzaman M. Optimal design of water distri-
bution network using shuffled complex evolution{]]. Journal of
The Institution of Engineers (Singapore) ,2004,44(1).93-107

[14] T#. 4% BT EReERI] 4T 83X, 2007,34
(5),:7-13

[15] Yang Cheng-san,Chuang Li-yeh,Ke Chao-Hsuan,et al. A Com-
bination of Shuffled Frog-leaping Algorithm and Genetic Algo-
rithm for Gene Selection[J]. Journal of Advanced Computational
Intelligence and Intelligent Informatics,2008,12(3):218-226

.19-



