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Abstract
problem. Because of the lacking a mechanism to use historical information, this must waste computing resources to

Most of existing evolutionary algorithms search optimal solutions from zero initial information of a given

some extent when solving a problem similar to old ones. This paper extends the idea of transfer learning to the field of
evolutionary optimization, and studies a new evolutionary optimization framework based the transfer learning of similar
historical information. To improve the search efficiency of the population, the proposed framework finds out the history
problem from the model library, which matches current new problem, and transfers the knowledge of the historical problem
into optimization process of the new problem. First, a maximum mean discrepancy indicator based on multi-distribution
Secondly, the
knowledge of matched historical problem is transferred into the new problem, and a new initialization strategy of the

estimation is defined to evaluate the matching degree between a new problem and historical models.

population based on matching degree is given to accelerate the search speed of the algorithm. Next, a preservation
strategy based on iterative clustering is presented to save good information generated during the evolutionary process,
for updating the model library. Finally, embedding an adaptive bare-bones particle swarm optimization (PSO) into
the proposed framework, a bare-bones PSO algorithm based on the transfer learning of similar historical information is
presented. Testing on several improved typical functions, experimental results show that the proposed transfer strategy
accelerates the search process of the particle swarm, and significantly improve the convergence speed and the search

efficiency of the proposed PSO algorithm.
Key words Evolutionary optimization, transfer learning, particle swarm optimization (PSO), model matching
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Fig.1 Evolutionary algorithm framework based on

transfer learning
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ENAENT amin WIENAE (R p; 19 H A5 & EE N
T amin BTEHPREEUE), 2R p; 8F A s
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(P AR (RE p; I HAREREE R T amin B9 HARREL
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H p;, BIENAELT A P20z 1iE AL (RE p;
(1) HFRREAE N T A 22 e 5 I B AR R EUE), TS
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— 71, iR T51RH K-means BVESR B HAR
LA, v LR KR i AR MR Z R/ 51— 7
M, Y Mes A A TTERFE DR, LR
B3 VAR R AR BN JC 35, SR AT DUARIIE BT e AR 3R
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gi.;(t) + 0, ;(t)N(0,1), rand < prob
x;;(1), 75 )
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0:.,(t) = |pbest; ;(t) — gbest;(t)| + A
A = rand x |pbest,; ;(t) — pbest,z ;(t)| %
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exp(fi(Gbest(t)) — fi(Xi(t))) (8)
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3 SKEHR
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AATH T TL-ABPSO &M T 10 At
() b5 E D R £, 5 S ABPSO fE NI 4 A AR
REEPATHCRL, ur JLrERe. I IR b S0
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Table 1  Historical optimization functions saved in the source domain
PRELA TR ik 5E I AR 4
Sphere fl@) =3 22 (100, 100] 0 30
i=1
Rastrigin flz) = Zn: (22 — 10 cos(2mz;) + 10) [-5.12,5.12] 0 30
=1
f(z) = —20exp(—0.2, | 55 Zn: z?)—
Ackley . i=1 [—32, 32] 0 30
exp(% > cos2mx;) +20+ e
i=1
Griewank f@) = 155 3 @2 — 1] cos(%) + 1 (600, 600] 0 30
=1 i=1
Rosenbrock F@) = 3 (100(2iss — 22)2 + (2 — 1)%) [—30, 30] 0 30
i=1
® 2 HAsE B A ea £
Table 2 New optimization functions in the target domain
R R Kk & Sk I AUAR YEH
F1: &5 Sphere flz)=> =z [—=100,100] 0 30
i=1
F2: 2405 Rastrigin flz) = Zn: (z1° — 10sin(27z;)) [-5.12,5.12] 0 30
=1
F(@) = —20exp(=0.2 x 10 L 3" 210 ) —
F3: 15505 Ackley . i=1 [—32, 32] 0 30
exp(55 Y sin2mz;) +20 4+ 1
i=1
F4: B85 Griewank f(@) = 7555 f xl0 — H sin( 1) [—600, 600] 0 30
=1 =1 }
F5: 14 Rosenbrock flx) = f (100(xig1 — x19)% + (z; — 1)'9) [-30, 30] 0 30
i=1
F6: Shifted Sphere SCHR [32 [—100, 100] —450 30
F7: Shifted rotated Rastrigin SCHR [32 [-5,5] —330 30
F8: Shifted rotated Ackley Sk [3 [—32,32] —140 30
F9: Shifted rotated Griewank SCHR [32 [—600, 600] —180 300
F10: Shifted Rosenbrock SCHR [32 [—100, 100] 390 30

PIAL, Je, F1~F5 %55 1 A e 8L, 2 R BHEAN L
AR I R H PR AR A b ) R S 2 Bk AT R 4,
H A RRAE R A, F6 ~F10 A% 2 414,
ZAL R B E B2 B CEC2005 WAL A B, fE 44
RN, AR R EAE 8, RAThes

R ZUEZ I TS SR
3.2 MR ERSEIRE

ATCR M =R VR R AR, 20 59 AR
WS S FEE AR 2 7 TR PP SR R AT 28

1) BEh & (SR). BISEI R 3 4 R LA (14
O SR SR LA, 2 SE P S i IR B Sk

IRAURR ZEIL R e W, RIA DG Skt $ 21 42 =) Bt
Pefi, AR Ay

_ Sn’
- Sn

o, Sn/ SR E) 42 Ry e LR I UK, S s
B SR B, ARSCHL 30 K.

2) WS (Time).  SEVERWCSIOH FE g 8
IrA N a) SVETRE] ) 4 )R B LA IR P
BIVPUT IREL Fove; b) VL3 1) 3542 J) B MG A IS T
s P RN R (S5 08 B B KB AR 113
ZATIA]) Time.

SR

x 100 % 9)
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SV AR ) ) L4 =) S5 L Ak IR P i 2 140 2 VP A
A, WA

Sn
1
Fe=o- ki 1
ave Sn — k"l ( 0)

Hor, S, i SEEG SIREL, by WHS @ UOBAT VAR 4k
42 Ry de AR AR

3) WEEL (AC). HEP G4 R ik 5 ph Ko
S R 2 TRz, Ty

AC = [f(Xbest) — f(opt)] (11)

Horp, Xbest AFEAKBN 2R, opt AL
PR B ) B S e LR N 2 (B I LB N T iR 22
i e W, RoRFEC LI R BN B LA

AL S EW N Ll b prf 5k, H
FhEEEURL T RE A N 30, S0k B KPP kB Ay
30000 VK. Hopthx AL 1) 2 50 B S A N SCRiR,
Forp, SPSO HyL BT N 0.9 et i 0.4;
BBJ Bk R AR, XRESHR N a = 0.75;
BBPSO-MC #ikmr, AR K/ 2; ABPSO 5
E, SRARMER A 0.7; AL TL-ABPSO H1, %
KEH ck WA 5. NEF IR SEE I SIGHE B, Xf
TR F8 A F9, W& IR ZE ¢ 2054 100 Al
1073, HAbpR B B 2 e 1078,

3.3 LWERNI
3.3.1 FE1HAMREHWTEERS

1) X1 PR i B ) BB S AL 9 8 B, SPSO.
ABPSO 1 TL-ABPSO 531804 100 % 1 2h
LA B H 4 R, BBPSO-MC Al BBJ &%k
PR 2R B AEAR /NI 2 9. HE, B LR Fle
FRbR AT LU W, 59255 T BT B AR 52 1) 845 1
Fy, ACEVE TL-ABPSO HIWeSI0H & s e, HoF
PSR 1.574 x 103, HoAth PUF b 55 5503 1) Bt
INEARIRECH 2.635 x 103.

2) F2~F4 RREUE 2 RS )8, Bl o o AR 5t
YEEIBEIN, eR R S AR )RR AR EAE .
23 Al KRR F2, R ASCHE Y TL-ABPSO
LL 100 % 18Rl e S 4 S de A % e F3
A F4, 14 ABPSO 1 TL-ABPSO Hyk(#)%th%
JE 100 %; 5 H A PURP L 5L Fuve TRARAH EL,
TL-ABPSO 53k W B A T oA DY Foh 45325

3) F5 sREUE — A g5, iR A
HARBRIAH G, B A BRAH IR FHILEMER
Ji. gk 3 Fion, P EIE B B A )R
AU, (H2, LRAS SR IR B R 22 FR AR AC AT 4,
ABPSO Al TL-ABPSO 5.4 B 4f T HAh = Fp 4

W, XS T AR I Dy s ) EUE R 2 30
ws, TL-ABPSO 5K X iF T ABPSO #3.

4) {ESVRISATIN W) J5 T, B 136 0 T R Ul
SENNR, AEAH A ARREC T, A SCHE I TL-ABPSO
()32 S ] 0] 2 gy 1 LA DU P L A S0, ek 40 Fo;
SR, W4y 4 A eRE s T 45 BT LUE Y,
T 53 A T PO R B S A AR AR I B, TL-
ABPSO & B 5 A0 7 140 I 8] A8 2l A Lo He A 55 7%
& Tk F3 R F4, TL-ABPSO H &S T &
NI TR AE B AR ST ot = Fh v, Hoh A a5 A
SCHTR I LT R 2 2] Smg, TL-ABPSO S 10k
JE T ABPSO Hik.

3.3.2 F2HMRREILWERS

EExt 2 2 W F6~F10 %5 5 AN 2% 3R e %,
Iy WBATRERN LI AL 30 Ik, 4 BT ALHE
7% TL-ABPSO. SPSO. ABPSO. BBPSO-MC #i
BBJ 2RV TR AR T3 45 B AT LLE H

1) KT A 8] 51 % 2L F6, SPSO. ABPSO.
TL-ABPSO HiE#HAELL 100 % R Th %4k 3 & AT
()4 o Fe A fidt; B, I UL Fove FeFR 0T LAE Y,
73 2 T B I B ARARL s e RUA R B, AR S AR
TL-ABPSO W $f0d B2 51 iR, o2 s £k
1.421 x 102, oAt PU B b A8 075 0 dpe /N IEAR IR B K
1.065 x 102.

2) X} T H% F7, ABPSO F1 TL-ABPSO )ik
IF5 5 72% 1100 %, =T BBPSO-MC F1
BBJ MR (33.33% M 50%); H—2, Bt
ALK 1 77 58 1) RUE R 2% 3] S, TL-ABPSO
SRS 5 W B 4T ABPSO M SIGH# JE, TL-
ABPSO L4 3 1n) 84> Jm) e AR A I BT 75 2 (1) 132
PR IREL (R By $BFR) 4 7.467 x 103,

3) X T R F8 15, AAEIEEA 100%
AR B I A SR A, b, TL-ABPSO HIE R
iR fsn, N 63.33%; 3t—2, ti ABPSO Al TL-
ABPSO HiEma R, KL T ¥ F7, TL-ABPSO
VRS SIGE FE I T ABPSO R $id &, H. TL-
ABPSO Sk 248br AC =T ABPSO #ik.

4) BT BA 2R e MANT] o) B AR N A
ZRER AL FO R F10, F0RP SEI AT iy R B 5
A JRy e L, FRh AR I T R A 0; (HE, TR
HRS EE iR 2545 kR AC W41, ABPSO 1 TL-ABPSO
SOL IR A =k, b 98 T ASCIER
FH 5 s B 2 2] sk, TL-ABPSO Sk B X Uit
T ABPSO Hik.

5) X T H I F8 ~ F10, ZEHIFIEACIREL T,
R AR L TL-ABPSO iz S0 a) 2w 1 Hdth
DPUFP AR ARV, (2, L4 SR RS B P T LA DY Fof
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Table 3  Experimental results obtained by comparison algorithm for the first set of test functions
At e 5 ER5EC AV #/Pr SR (%) FEAR Fave fabr Time (s) fatr AC

SPSO 100 2.635 x 103 1.539 0

BBPSO-MC 66.67 - 2.960 1.8241 x 10—°

i F1 BBJ 63.33 - 7.614 8.6800 x 106
ABPSO 100 3.730 x 10° 3.150 0
TL-ABPSO 100 1.574 x 10? 1.860 0

SPSO 0 - 9.722 5.169 x 10*

BBPSO-MC 26.67 - 12.761 1.824 x 109

L F2 BBJ 0 - 20.169 8.680 x 10~°

ABPSO 72 - 21.083 7.067 x 10~°
TL-ABPSO 100 1.283 x 10* 20.183 0

SPSO 0 - 12.769 1.494 x 10°
BBPSO-MC 100 2.815 x 10* 13.185 0

R F3 BBJ 0 - 22.356 1.350 x 10~2
ABPSO 100 3.568 x 102 17.514 0
TL-ABPSO 100 2.214 x 103 7.9190 0

SPSO 0 - 8.726 3.312 x 1074
BBPSO-MC 100 1.163 x 102 3.820 0

L F4 BBJ 0 - 9.947 2.366 x 10—°
ABPSO 100 8.110 x 102 4.706 0
TL-ABPSO 100 2.310 x 102 3.370 0

SPSO 0 - 10.154 2.908 x 10!

BBPSO-MC 0 - 15.651 2.277 x 10!

¥ F5 BBJ 0 - 25.425 1.861 x 10*

ABPSO 0 - 31.817 1.281 x 10%

TL-ABPSO 0 - 49.476 1.253 x 10%

LB S, SPSO HL IS S [l ik, (HILZ AT 45
KPR R E. AT R F6 M FT, BT R4 T
FlREHR 2 e LAk AR IR AR, ASSCAE TL-ABPSO
PSR AR I T AL B 2/ A DU b BL LS.

3.3.3 ABPSO 1 TL-ABPSO E L

AN B L ABPSO A1 TL-ABPSO )
W SRR R, Ry BTk, A ST $t TL-ABPSO A2
ABPSO 5595 H1 7 52 1n) 8 3E 75 2 > SR (1) 45 5 4.
TH sk LA PR SR I SISO R, R D s i S PR I
SR T B A 3T SR TR A R 2 R Ttk
1 AR R B P AR RV IR S £ v DL
TL-ABPSO 5k 3t tb a3 R ABPSO 5k KEL
FHIF, IONIE R SR WS 5 B 5 i A A B I3 &R
BLEE; (H 5, 15855 T FriE % Dy st il B L At £ 51
# B, TL-ABPSO S35 1 SI0s i 46 2 9 8 47 1
ABPSO #y%.

3.4 ZEHEEIFE
3.4.1 EBFIREAEESFHFUEELZPHINA

R TAE D HRE T RS 27 2] SR s A2 T i+
BB S, S &5 AL Ui T I 2% 2] 3K
W PRI AT PR, AN 220 P BRI RS 2% 2] SR
N B ) — P R (P S, B 22 4y JEAL AT
63 DL IF AT A A 3] SRS AN AR ST P
AR I, 25 AR AR S BT W
H G 22 ot 50, TRk TL-DE 53k.

H T RUE TL-DE SEm A7 80, dHeess 1 4
W pR 2 AT 585G, FVA SR E D AR 50,
ffH “DE/rand/1” 22 5 50, 487K 14 0.5, & X
MEZ2R 0.9, B KHEAECH 3000. B3 JEZR Ttk
551 4L ek Al P R L I S 2. T LR
I, TL-DE Sk SOH 5 ¥ 2. 47 T DE
SV AEHL S B, T R4y ik, TL-DE S35 5T
R85 R BT DE &k, X223, AL
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Table 4 Experimental results obtained by comparison algorithm for the second set of test functions
Ak e 5 RS AN fibr SR (%) Fib Fave fabr Time (s) f/ir AC
SPSO 100 3.525 x 10° 10.105 0
BBPSO-MC 66.67 - 12.132 0
% F6 BBJ 0 - 14.835 0
ABPSO 100 1.066 x 103 7.451 0
TL-ABPSO 100 1.421 x 102 7.160 0
SPSO 0 - 36.853 4.279 x 10!
BBPSO-MC 33.33 — 62.168 3.800 x 10—3
R FT BBJ 50 - 57.679 1.893 x 10°
ABPSO 72 - 39.707
TL-ABPSO 100 7.467 x 103 22.704
SPSO 0 - 33.796 1.329 x 102
BBPSO-MC 26.67 - 61.905 2.095 x 10!
R F8 BBJ 0 - 62.813 2.094 x 10!
ABPSO 44.33 - 166.905 8.231 x 1072
TL-ABPSO 63.33 - 214.023 1.709 x 10~*
SPSO 0 - 39.021 5.483 x 102
BBPSO-MC 0 - 62.722 7.901 x 103
PR F9 BBJ 0 — 54.329 1.040 x 10*
ABPSO 0 - 125.621 5.286 x 10!
TL-ABPSO 0 - 183.422 9.567 x 107%
SPSO 0 - 36.927 2.908 x 10!
BBPSO-MC 0 - 61.933 2.674 x 10!
¥ F10 BBJ 0 - 51.946 3.597 x 10*
ABPSO 0 - 122.359 1.922 x 10%
TL-ABPSO 0 - 180.816 1.347 x 10*

27 ) AR AN 0] DAY 48 AL A, o Fel
FER AT R, T HLRT DA s S I SR ARG . TR
e, AR SRR T S AE AT A 1 AR A A B T R
EH T 2= .
3.4.2 BBRHH ck WERMES T

H 5 7 5 ) R85 T I A DG PR SRR
Bl ck BUIAEH 8t EBH ck WE/N, B
L R REA R WA o A 1) 2 FEVE; i SRR HH
K, R R AR IREA R D, R D EFEAR
79 2 1R At o3 A A R0 AN RS . B TRk ) ) 52
Fe B RO O AR i, AT LA B S Y ok fH, (12
TERA SRIOX Lo AR T 2R 3 BT — s (1) 1)
IR AR, IXAEIR 2 L BRIE 0L N 2 A ] e sl 77 2
TR ZARM . AT IS S AT R H ok (E
TR REI R, B S PR R AN A
R ck BUEVEHL

T, R 1 AR BB, S5 ck Sy
BIEUEA 3, 5, 7, 10, 11T TL-ABPSO #7% 30 X,

Kl 4 451 TAEAFZ$ ck ]UE R, TL-ABPSO #£
B ) RS L T PR ARIR L. FTRAE Y, R
¥ H ck B3 50 10 i, TL-ABPSO & 0] LLk
B ) R A R B A A, AR LT R AR R T ck
W5 AT Mt MR ck B 5 BLH 7 I,
TL-ABPSO %R LU PR (1) 380 52 48 21 ] 81 1) 4>
SR L. XA R EIATh T R ok ]
By g MM BRI AL LB ratio, A& IFIEERI MG 1L
E A HE SR 4R v T SRE P R

4 it

ARSCHESE T — P AL 3245 R 5 T 1
BEALDCACHESE. B HEZR by s DE IS . g 245
L RIE R 2 > MR R P SRS G ST, 23 il e
T2 A B ORI 2 5 1) i SRR DL g 3
W+ R D O R RSP R A A SRS, DA%
T IE AR SRR 2 BT SR T I AR R
Hh R I T TR LU E 1 g S ) A, R S E AR
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Fig.2 Convergence curves of ABPSO and TL-ABPSO algorithms for the first set of test functions
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Fig.3 Convergence curves of DE and TL-DE algorithms for the first set of test functions
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