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Multi-level information transfer multi-task PSO based on population
diversity control

CHENG Mei-ying't, QIAN Qian® NI Zhi-wei®

(1. School of Economics & Management, Huzhou University, Huzhou 313000, China; 2. School of Teacher Education,
Huzhou University, Huzhou 313000, China; 3. School of Management, Hefei University of Technology, Hefei 230009,
China)

Abstract: A series of research achievements have been made in multi-task optimization (MTO) based on the implicit
parallelism of swarm intelligence. However, the frequent vertical information transfer between tasks leads to excessive
increase of population heterogeneity, resulting in the negative impact of information migration, which is also one of
the problems that has not been completely solved in the field of MTO. Firstly, PSO and multi-population evolution
information sharing mechanism are combined, then the idea of benchmarking management is introduced to realize multi-
level information migration and intelligent emergence, finally the frequency of information transfer is effectively controlled
by calculating the population diversity index, and the multi-level information transfer multi-task PSO (MITMPSO) is
proposed. Experimental results show that the MITMPSO can significantly improve the solution quality and accelerate
the convergence speed of multiple high-dimensional functions, multiple multi-constraints functions and multiple binary
discrete optimization problems concurrently in polynomial time by setting a reasonable information migration threshold.
Keywords: multi-task optimization; particle swarm optimization (PSO); multi-level information transfer; population
diversity control
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ERRE 107 ERRE 107 ERRE10° ERRE 107
(a) 50SSF (b) 50SD (c) 507 (d) 50Q
1.0 20 10 s 8
= = = = 6
B 506G = 508 = S04 o SR
# 0.5F # 10f fa 5 4
v w v Ju )
B (50G,508,50Q) B (508,50A,50R) B (50A,508,50R) i (50R,50S,50A)
0 =0
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
ERE 10° BEARKEL 10° EARE 107 AR H 107
(e) 50G (f) 508 (g) 50A (h) 50R
E 3 B{ELZPSOMBIES MITMPSO KR 50 4E iR # 89 F HU S5t ge Xt EE
o 2.0 = 1.0 = 4 = 4
= = 100SD - 1002 -
m 1S 100SSF s 1 1 100Q
z1 1.0 0.5 2 2t 2 2
b et Jut Jut
Q 0.5 (100SSF, 100 Q (100SD,100SSF,100Z) Q (100Z,100SSF,100SD) Q (100Q,1008,100G)
B oo B0 B Us B0
0 1 2 3 4 5 0 1 2 3 4 5 5 0 1 2 3 4 5
EARREL10° LA 10° uw\iﬁz/lo BEARKEL 10°
(a) 100SSF (b) 100SD (c) 100Z (d) 100Q
1.0 oa 2 10 12 7000

(100G,1008,100Q)
(100S,100A,100R)

35 3 R AE /10

% 1 2 3 2 s % 1 2 3 4
ERKEL 10° EARKHL 10°
(e) 100G (f) 1008

5

(100A,100S,100R) (100R,100S,100A)

- 25 3 N AH

0 02

0 1 2 3 4 5 0 1 2 3 4 5
ERRE 107 ERRE10°
(g) 100A (h) 100R

Bl 4 B{EHKPSOFZIES MITMPSO K 100 4 i 1 i F U S gE Xt Eb

KA S MITMPSO 5035 5] NBRAFE L, At £
P 1A 2 1) 45 TR M S BT 55 [R] WM A, 18 3138 il 45 2 67
TR H P, X B 5] N TH v i — 25 IE B 7E PSO H

FET PR 2 FEPES S AR AT S Re (R 3 IE . A
SCAE PSO S iR 5] N bR A8 H AR, N 38 b A B 225
AR PSO H AP P, W“E‘Béﬁﬂﬂiﬁﬁﬁ#gbes‘cf,%%ﬁ
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AT B8 S5 R T i (I8 A A Gy, THD T e 25 9 12K
TR U2 PSO 5 Ah AR AR A48 BEAR 45 5 — A A,
B =4 T, X LR Py 2 A 1 KT BUAE O 1N, 42 T 4h
AR AT SE A5 B AT AR, # R Al 1R PSO 5 R £ #F
PEE ST AN SE A5 B AT A BT b . R, Vi i

*=2

SEHG F B 334 1) FEA PSO K (AL E Py s
FF); 2) PSO + 4h 3K FF; 3) PSO + Al b7 AT + Fh i £
FEPE S ] (B MITMPSO $i). Hi 2 77 1, SR
PSO B K4 PSO 5 41 b AT A4S £ J 218 R H
5 MITMPSO S AR .45 A L 38 22 B K.

SESMAHR LI P E N E

ZAT55 245 PSO (T & P AR )

PSO + #PEBERAT AT MITMPSO 533

(50SSF, 50SD, 507) (0.026 4,0.004 3,110.6350)

(508, 50Q, 50G) (2.1445,99.8442,0.1226)
(508, 50A, 50R) (1.2539,2.0821,161.9849)
(100SSF, 100SD, 100Z)  (25.027 2,28.548 9, 1686.937 4)
(1008, 100Q, 100G) (54.7655,20640.6,0.591 8)

(1008, 100A, 100R) (16.4819,4.666 1, 732.3722)

(0.00952,0.0001,0.062)

(0.0003,0.0120,0.0029)
(0.4306,0.574 8,153.52)
(0.4872,7.6551,0.2274)

(5.3839,1.5510,427.8640)

(1.56e-5,2.27e-14, 7.59¢-5)
(0.1834,0.2111,0.103) (0.0317,0,1.436 5¢-7)
(4.72e-17,2.92e-11, 0)
(0.0001, 9.88¢-15, 0.002 9)
(0.114, 0, 1.52e-9)

(3.83e-16, 3.39%-11, 0)

2345 ¥ A ST MITMPSO &4 3K fif 6 24 £ 4T
55 S I S 5 45 R 5 SCHER (5] £ 4F 45 MT-CPSO
B BAJ STk [11] 5 59 MFEA-TT (multifactorial
evolutionary algorithm-II) 3 17 % tb. MT-CPSO 5 A&
3 MITMPSO 5 AR 6L, 37 LA PSO MK #6555, MPE
NEAEF AT B ILEHELL, 1T MFEA-IL 2 £ 411 %
RS U 2 $E MFEA JE i B X5 B A2 B3

i rmp B AT O RS B R RRAS. B3R 3 W] R, A S
¥E7E 50SD- 100SD- 50R. 100R _F AR fift 45 AL T3¢
R [51, fH7E 50S+ 100S. 100SS LB 2= F SCHik [5]; 1T 5
SCHR [11] 5% B & B, A SC MITMPSO 572 75 100SS
100R L F4flt T MFEA-IL & 441 5, MITMPSO. MT-
CPSO. MFEA-II7E _F ik 6 40 AT 55 = 4k ok B e 4k 1)
R SR il 4 LA 2.

®3 TRZEFMUEERBESHE R IR AT 918 REXTEE

ZAT55 245 A MITMPSO

MT-CPSOP! MFEA-ITI!'!!

(50SSF, 508D, 50Z) (1.56e-5,2.27e-14, 7.59¢-5)

(508,50Q, 50G) (0.0317,0, 1.436 5e-7)
(508, 50A, 50R) (4.72e-17,2.92e-11, 0)
(100SSF, 100SD, 100Z) ~ (0.000 1, 9.88e-15, 0.002 9)
(1008, 100Q, 100G) (0.1140,0, 1.52¢-9)

(1008, 100A, 100R) (3.83e-16, 3.39¢-11, 0)

(3.04e-15, 2.03e-5, 2.08¢-3)
(3.22¢-5, 0, 4.0e-16)
(2.97e-52, 2.95¢-6, 1.7e-8)
(9.33e-10, 0.000 13, 0.309 6)
(8.32¢-8, 2.86¢-10, 2.93¢-12)

(5.59¢-40, 5.89¢-16, 0.977)

(1.82e-5, 5.48¢-17, 1.05e-5)
(5.91e-10, 0, 1.38¢-7)
(5.37¢-15, 6.45¢-10, 0)
(0.016, 1.52¢-9, 0.002 5)
(7.48¢-6,0, 1.63¢-8)

(4.42¢-9,4.24e-6, 0.18)

3.1.2 MITMPSO Rf# 2 MRAE AT R 5

311 FTE T AL Z AT 45 MITMPSO $.7:7F [H
i R A 22 A B AR A A I BR 250N 1 R0CR B 0, A 7 4k
2z 5] N MITMPSO 3K fif 22 > B AH fift A 7 oR 23X B
A LA 22 AF 55 20 o B 2R H08 = 1D (508, 50A, 50R)
11, 73 | PR B Ackley bR BUKR AE 3 AN [F) 2 FE (i #2 1,
(508, 50A, 50R) H* 508 1 50R T H) i Sl 34 15 B ph K
FHPSO BLESR i 45 0t bL. 3% HUKR 6 1 7P Ackley BRIk
BTSN

D
20+ ¢~ 20exp (—0.2,[1/DY"22)-
j=1

exp (1/D Zi): cos(27tzj)).

Hrhiz = Ma x (x — O4), Ma NIRFERHRE, Oa N
AEFESE. 1) /NE R A% (small shift, SS): Ackley £F%{
% AEFEAE (0, 2) Z 1AM 2 ; 2) o 450 FE i # (medium
shift, MS): Ackley bR 2075 4E FE 1E (2, 5) Z [Al i F%; 3) K
6 Bl w2 (large shift, LS): Ackley BR 58 4E FE7E (5, 10)
Z A%, BB 5 ] 24 50 4 Ackley PR EUR AEANTH
5 FZ (i % 1, (508, 50A, 50R) 71 508 1 50R - ¥ Wi 8
PEBEI AR T BAAE 45 PSO B3k, 3X 5t W BV A 22 M
2% MR AH AN &, MITMPSO 5 BuT B WL 4 g
BEHIRIEIT 5.
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10
8.
R
B o6f
it
4t
B
2.
0
0
ERRE 107
(a) 508
5
s 4
2 3f
=
o2t
_\.7_?
B 1t
0
0 1
ERRE 107
(b) 50R

B 5 A RER{RBIZE T 50S F150R # U rh L 3f L

3.1.3 MITMPSOF#E 2 £ RE T8

X HL DL AE 4541 (508, 50A, 50R) A, 45 15 AN [
ZAEME R A A FE M RE IR . 64 T 24T
%541 (508, 50A, 50R) #1508 50A . 50R 7E A 15 B F
ZRE P B I, R A O 22 M8 -5 B D0 AR BRI 6 L.

EH P 6 T 0, 2 oK T B M R 2 A 1 R B I, A
RIEAT AT CR 201 25018 ~ 300 1X), Fl i 2 FF PR 55
K, A ey W AR AR T TR ) 4 ) B PR A O, 2 DR
Z R R, B 508 K5 S i i 22 /1 T 5, S0A G S fift A
22/ T 0.2, SOR K J2 fift Qi 22 /N T- 20, FiE Py Pos P
53 T R A AR A, BRAE SRR AU SN 2 A
A VE BN ARATS TG 1 5038 Bk B N R 3 e A 1) )
0. A ORFF LI R SR ZR T4, UK D% A 22 M
FEUE 5, 2 52 B K AR T MITMPSO H 508 < 50A . 50R
FhRE S FEVE BRI, Hrb, IR 50S 4 T fif (w22 0 5 B Bik
B3 N R0 S AT A, W 50 I 6 4 KT 5, 3% B 733 X
10, 9. 8. 7. 6 34T 1 18; [A1 HE, SOA HRI{E 6, K F0.2, 4>
H0.45.0.4.0.35.0.3.0.25 BE4T 1518 SOR 1K 05
KF20, 73 HIEL 1204 100 80 60+ 40 BEAT 1 1. 31X HLKs
01 0o 03 73S UL BN Zy - {6 = 10,6, = 0.45,605 =
120}, Zy : {0, = 9,0, = 04,605 = 100}, Z5 : {0, =
8,0, = 0.35,05 = 80},Z, : {0, = 7,0, = 0.3,05 =
60}, Z5 : {0, = 6,0, = 0.25,05 = 40}, 73 H7 0, 02+
O NEIZHA ST, (508, 50A, 50R) 14T 3048 11°F 34
ENAE. HRATHE S Z, 2 {0,=10,0, = 0.45,05 =
120} 1, (508,50A,50R) 3K fift P e de L. 78 Jg 2505 H 5K
B, 0y, Bt EL A i) AT 38 BT .

100
— AR
80t o FARIE R
W 60
E
f o 40t
20t
5 &y
0 1 1 1
0 1 2 3 4 5
AR UHL 10°
(a) 50S
6 -
< —— R
~ o FARSE A
; \ \_
a i
e ) |
; ! [
BERKE10°
(b) 50A
400 -
N\ R
e TR
300l e BRI AL
i ]
2 200 [
o) !
100} :
20 [M—-——-—-—- e .
% 1 2 3 4 5
BERE10°
(c) 50R

El6 RZEO FERBRESRMNEBENENXR
x4 TEZHMEERSTHFENE

HEAE (508, 50A, 50R) [17-F-¥4)3& M
Z, (7.34e-17,1.92e-11, 0)
Z (6.79e-17,1.24e-11, 52.44)
Zs (2.79¢-30, 5.78¢-16, 68.19)
Zs (4.78¢-30, 5.89¢-16, 134.28)
Zs (7.51e-30, 4.03e-15, 159.95)

3.2 MITMPSO K ## %155 2 R R B L o)
321 ZARREEIR R LHRAEENH]

iX B4k 42 LA YR BL IEEE CEC benchmarks ' 4 4
HH bR 2 2R ek BN, I 2 4 45 MITMPSO 5%
PERE, BAR IR 5 iR, $43 5 9 4> 2 L0 R 505y
28 f1, fo, f3) MU (f1, fo, fo) RVIHE Z AR S Z AW
i T 2 95 BB BRI AT 55 W Shod B 4 v %
R4 SR . T 2R MAETE, AT T A R =
() FF PR R /0N 50 9, AT 2 £ Ak 3 24 o S A 2 O . R
SO et SR I AR K I 2R, AR S A% N )
FL AT HEAL: 1) B PIAS KL 35 9 Al AT AN (R i
Z91E 4 0), T EUE RAR B AR AN 2) 25 P AN kL7 R —
ANTTAT, 75— ADNANITAT, MR RE AT AT AN 3) 5 AN KL
TFIIATTAT, W3 R i 2 (B B N k.
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RS ZESZARMNKERH
RHA WA R AR

g1(z) = —(z1 — 5)% — (z2 — 5)2 + 100 < 0,
g2(x) = (z1 — 6)® + (z2 — 5)° — 82.81 < 0

fl(l') = (:El - 10)3 + (CL’z - 20)3

13 < x1 £100,0 < z2 < 100 —6961.8

sin® (27t ) sin(27tzs)

z13 (1 + 2)

fa(z) =

gl(m):xIQ—xQ—b—lgO,
ga(x) =1 —a 4+ (z; —4)2 <0

0< 21 <10,0<<z2 <10 0.095 8

fs = 20 + 2 — 10 cos(27tz1 )+

x2 — 10 cos(2mz2)

g1(x) = z1 + x2 < 6,
g2(z) = 3z1 — 222 < 5

1<x1§2,3x172x2<5 0

fa(z) =
(z1 — 10) + (z2 — 12)* + 25+
3(za — 11)% + 1028 + 7224+

w‘% — dxgxr7y — 102 — 87

g1(x) = —127 + 222 + 3z5 + 2® + 422 + 525 < 0,
g2(x) = —282 + Ty + 3x2 + 1023 + 24 — x5 < 0,

-10< 2 <10,i=1,2,..., 7 680.63

ga(z) = —196 + 23z1 + 22 + 622 — 8z < 0,
ga(z) = 4:17? + azg — 3x172 + 2:c§ + 5z — 11lz7 < 0

®6 ZEFZARMKBHSLHRER

EZEE 2 LWV EN i AR
f1 —6960.38 —6845.24
fo 1.0006 1.0187
f3 1 1.001303
fa 688.257 702.922
(f1, f2, fa) (—6961.8,0.0958, 0) (—6961.544, 0.063, 9.47e-6)
(f1, fa, fa) (—6961.8,0.095 8, 680.63) (—6961.79,0.080, 681.74)

3.2.2 MITMPSO Rf# % 25 iR B LW 45 R T
Z AT % MITMPSO 575 [R] I 3R fif 3/ 2 4 iRy
s g WK 6 Fror, S8 B W R FhORE R
35900 50, 502 de Kk AR IR ELCN 1000; 24 3K fif 24T %%
(f1, for f3) B FHEEZ FEPEBIME 0, = 100,60, = 0.35,
05 = 0.4; KM (f1, for f2) B, 6, = 100,60, = 0.35,
64 = 80. HH# 6 1] A1, 5 FAT 55 PSO K fif 45 S AH L,
K FI MITMPSO [F] B 3R fifE 3 4™ 22 29 3 bR B0, B A &
ISR 35 e IA B 4 =) B LA, ~T 3500 A 5 e PR A 22 ML
BN, XA B A S 2 AE 45 MITMPSO 592 [A] s 3R fil 2
AL LR R B AL i) S, tH REAS BT i 45
3.3 MITMPSOK#EZES Z LB EIRE
2021 FEA P2 b, “Bial g ” F iR E I
B 5 NBURF TAE R 5, A 802 0 3k 7 25 < 32 25
W, 0 HESh SR TS TR DI A 4 0 I 4 (0 e Y
FLAG BB S AR SC LA B AR FE SR T (LM A 52 2%)
R 3R 3N T 51 % 5 R S R R T
g EE RN ARE R B O FHE, %A R %
FRE NGRS RT5 GO m R R, U2 iR 3
AR T 23 S05 e B O T B R AL 1) L A
SCH MITMPSO 1E 98 2 560, 51 N\ sign () B4 R 4L
W hr 07 B 4 01, LR 200 H A ek 502, [ A
ZHE IR 3 AN T 51 ST Y o B I R R

fitness = @ x CA + (1 — «) X #selected/#all. (9)

Hordr: 4selected Fan % 55 SR A 3 /NG #all
7N A6 B £ 55 55 5 T DR 3R B CA RN B 5 4y
FHRE, o € [0,1] By KRR S BIEL R R
HEFRE, SRR EIEE o KRR HEE K TRt
L)1 %, IX B o 20.9. 2 (9) AT A, A A A
{8 38R /)N BR AR, B SR F) MITMPSO 532 [ B 472 41 5 4
BUN A5 55 55 R SOCHE R 738 Al ML AR 1] 7
331 ZFEEHIERER L

I « BT ATEE 2020461 H 1 H ~ 2021 4
12 7331 H AL 731 R SEi i, & H 2R iR 4E 4
AT W LA RA ML AT« 57 % 2 b S 5 R Y s
AT R A TS, ARSI P I 55 56 5
RIZ A 94, 20 5 N PMy 5+ PMig« NOy CO. SO,
O3_8h. <l B WU, 25 55 V5 e ) 31 2 Fh (5K
% 58). BRI FES R KM E AR E, X FER M
— TG FLAN [0, 1] 2 1.
332 SEWERMT

K FH Chang 251201 2 41 /1) Lib-SVM 1 10 38 S IE
FHEE G B 7 T SR £ 7 SR 2 &, W0 4R 70
FBHAREKCA = 1 — ¢, HSVM TS H e, g K1 M
R ZRIEI 8 . R A L AT 55 MITMPSO 5% [F] I
SRABBIN . B 5204 = 1 55 55 B R K] R, ol
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BEPL Pov Py 43 % BN T BN T R0 52 2470,
S B R X 6N [—7.5, 7.5], FI LA N 53 A4 50,
MITMPSO & KIEARIRECN 20, Py« Py P P2 A
PEBRIE 258 0.5. 0.45. 0.5. 3N 1T 1 55 56 i

Som R AR A AE AN 7 AT, BB 7 w0 gn, SR A
MITMPSO 5.7k Be KL S BR TR N &, HAW %
5 S B2 IR 2R 5 B0 B B P 20 SR A SR 2 A

RT AN NFEXEREXEEZWER

. GEVETE S SRS K] 3 "
X ES LIRS s e LTI /%
S AHETEE /%o I HRUETZ /%
A PM;g, NO2, 03_8h 79.423 9 79.0123 66.67
B PMas_ 5, PM1g, SO2,03_8h 75.806 5 76.326 5 55.56
L PMy 5, PM1g, NO; 77.6752 78.4232 66.67

K745 T BAT 4% PSO Al £ AT 45 MITMPSO 3R
fie b 3 AN T 55 5 O B R 0 IR 2R 1K) ST 38 43 SR
2. H K7 R AL R 2 4F % MITMPSO 532 Rg (Rl 0
TH 3 AN T 55 5 OGBS el R I HR BB FE, I B
I3 R UEH 2B WAL T HLAE 55 PSO.

70
X
@ 65f
E
)
T 60f
5 K- i
-0 WM, B, 3%
55 : ' :
0 5 10 15 20
AR EL
(a) M
70
= D
@ 65f
E
1
J60f
Pl * b
B HUM . WM, 3%
55 : : '
0 5 10 15 20
ESANV€ -/
(b) HLIM
X
i
21
1
v
& 55t *
B I WM B
50 : : '
0 5 10 15 20
IR

(c) %
E7 BR{EFPSOFMZIES MITMPSO KEM « AL
MBEATHE R X BN E R TSR
4 & »
ASLEET Z RS B I 2N, AR5
BV B AL T B, & B (R 2 RS BT
FHEPME, IF8 IS v B PR 2 A P R A R E BT

oA, fE 2 AT 5 mdE sk B it Z2AEHZ AWK
A, ZAE% oo E s g soa il 715
BT R, 75 T — 5 B0 78 AR, a5
MITMPSO 532 1 3 450k, H He R FH -T- s soR Ak
i R BB 0 A2 2% () AT 55 Bh A LA ]
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