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Abstract

Multi-objective multi-task optimization (MTO) is an important branch of evolutionary computation.
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The challenge of variable dependency in genetic operations has consistently impacted the efficiency
of multi-objective multi-task optimization, yet this issue has not been thoroughly addressed. To this
end, this paper proposes a multi-objective multi-task evolutionary algorithm based on dynamic vari-
able dependency reduction (MTO-DCR), which reduces variable dependency through coordinate
transformation using a learned covariance matrix. Specifically, MTO-DCR dynamically reduces varia-
ble dependency via coordinate transformation to generate offspring. To learn variable dependencies,
independent covariance adaptive searches are maintained for each task. Additionally, a domain trans-
fer strategy based on scaling transformation is proposed to migrate well-performing individuals
from source tasks to target tasks. To validate the effectiveness and efficiency of the proposed MTO-
DCR, a set of scalable MOMTOP test instances with controllable non-separability and difficulty levels
is constructed for experimental studies. Results analysis and comparisons with state-of-the-art algo-
rithms (MO-SBO, MO-MaTDE, and MO-EMaTO-MKT) demonstrate that the proposed MTO-DCR effec-
tively handles MTO problems with correlated variables.
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Table 1. The average IGD value of the three algorithms on Problem 1
# 1. =ANEA7E Problem 1 K714 1GD &

Task MO-SBO MO-MaTDE MO-EMaTO-MKT MTO-DCR
T1 1.04E+00 1.57E-02 4.96E-03 1.07E-03
T2 3.78E-01 1.15E-02 5.34E-03 2.46E-04
T3 6.11E-01 1.56E—-02 5.00E-03 2.57E-04
T4 9.32E-01 1.26E-02 4.88E-03 3.82E-04
T5 5.30E-01 8.62E-03 4.95E-03 1.91E-03
T6 4.41E-01 1.17E-02 4.69E-03 1.93E-04
T7 8.14E-01 1.29E-02 5.32E-03 4.10E-04
T8 1.04E+00 1.45E-02 5.21E-03 4.46E-03
T9 5.93E-01 2.71E-02 5.11E-03 9.04E-04

T10 5.43E-01 2.79E-02 5.31E-03 2.82E-04

T11 8.20E-01 3.42E-02 5.15E-03 3.28E-04

T12 7.00E-01 1.33E-02 9.64E-03 5.05E-03

T13 6.29E-01 1.65E-02 6.59E-03 5.34E-03

T14 3.74E-01 1.20E-01 4.84E-03 3.12E-04

T15 1.35E+00 8.42E-03 5.03E-03 2.22E-04

T16 7.86E-01 6.98E-02 5.38E-03 1.04E-03

T17 1.28E+00 2.04E-02 4.96E-03 4.08E-04

T18 6.59E-01 3.81E-02 4.94E-03 2.06E-04

T19 4.50E-01 1.27E-02 5.30E-03 3.54E-04

T20 7.19E-01 8.34E-03 5.31E-03 2.59E-04

T21 1.19E+00 1.28E-02 4.84E-03 5.65E-04

T22 7.44E-01 1.38E-02 5.14E-03 6.67E-04

T23 7.39E-01 1.14E-02 5.12E-03 2.23E-04

T24 6.51E-01 6.87E-02 5.63E-03 1.89E-04

T25 8.48E-01 1.76E-02 5.16E-03 2.32E-04
T26 3.84E-01 1.29E-02 5.01E-03 2.05E-04
T27 8.17E-01 2.34E-02 5.23E-03 2.04E-03
T28 7.58E-01 1.90E-02 5.13E-03 2.97E-04
T29 5.94E-01 3.82E-02 5.18E-03 2.46E-03
T30 9.64E-01 2.02E-02 4.96E-03 3.75E-04
T31 7.70E-01 7.90E-03 5.01E-03 3.34E-04
T32 6.50E-01 1.16E-01 4.74E-03 3.05E-04
T33 9.02E-01 2.03E-02 5.32E-03 2.62E-04
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T34 4.99-01 1.09E-02 5.29E-03 1.92E-04
T35 7.35E-01 1.29E-02 5.10E-03 2.34E-04
T36 5.55E-01 1.21E-02 4.98E-03 4.61E-04
T37 8.38E-01 1.70E-02 5.04E-03 3.55E—-04
T38 7.26E-01 6.65E—02 5.24E-03 4.64E-04
T39 6.68E-01 1.64E—01 5.46E-03 3.07E—04
T40 8.59E-01 1.05E-02 4.75E-03 2.70E-04
T41 6.01E-01 1.93E-02 5.29E-03 1.99E—-04
T42 7.32E-01 1.32E-02 4.85E-03 7.20E-04
T43 6.23E-01 1.28E—02 5.07E-03 2.07E-04
T44 6.30E-01 2.02E-02 5.74E-03 7.71E-04
T45 6.00E-01 1.39E-02 5.45E-03 4.16E—04
T46 4.72E-01 1.88E—02 4.95E-03 2.16E-04
TA7 4.56E-01 8.26E—03 5.00E-03 1.92E-04
T48 6.75E-01 3.73E-02 5.26E-03 2.01E-04
T49 7.03E-01 2.53E-02 5.81E-03 2.54E-04
T50 9.79E-01 3.26E-02 4.89E-03 5.93E-04
+/—/= 0/50/0 0/50/0 0/50/0 -

FEO T T =Rt L BE S AT R BRIV T, %6 1 (VEYREIR IR E — AN ) B R 1 0t B Sz Bt () 45
Fo IGEERFRI, MO-SBO B I R AR A - 17 338 1 3% 3¢ DA W4 s (1736 FE . MO-MaTDE R 31
T RTR =A%k, (HHREHH R MO-EMaTO-MKT. MO-EMaTO-MKT T H ks L], E53HL
A S 0T L A R I AN T AL R3S o TR G — FI A SCER ) MTO-DCR 3%, Hulid B &5 B &R
4i. DCR- A-SBX 38 XML VLSBT RE HelE, 7RS0T I BRI TSR, HERZHRMAT S+
IEF| Lk MO-EMaTO-MKT S & G . 454 UL EZ5 041, MTO-DCR &7 HE £ Bir%
R4 b 5%

4.4. HRESEWERS 4R

N1t BRAIE MTO-DCR &AM S, ASCHEAT TIHRLSES, DL SE PR & LA g
YEM o 22 2 o 1 IR SRS AE DB R AN R 5 R S R (PR B NS — A R R) . Horb, Base &
AR SRNE, TL FoR T HAT OIS 52 2] 50, CMA SRR 3k 1 7 22 0 P 2 5T (R A8 SCHEm

Table 2. The average IGD value of the two components on Problem 1
2. FAAMTE Problem 1 8915 I1GD &

Task Base Base + TL Base + CMA MTO-DCR
T1 4.97E+01 7.67E+00 5.21E-04 3.54E-04
T2 4.82E+01 8.75E+00 3.70E-04 3.20E-04
T3 5.25E+01 6.83E+00 2.72E-04 2.54E-04
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T4 5.98E+01 8.35E+00 5.15E-03 2.24E-04

T5 5.51E+01 8.03E+00 1.98E-03 1.95E—04

T6 3.65E+01 7.44E+00 1.80E-03 3.73E-04

T7 4.91E+01 7.51E+00 6.37E-04 3.65E-04

T8 4.46E+01 8.13E+00 4.76E-04 3.99E-04

T9 4.47E+01 7.09E+00 2.59E-03 3.83E-04
T10 6.01E+01 7.74E+00 3.23E-04 2.92E-04
T11 3.78E+01 8.02E+00 3.52E-03 1.87E-04
T12 5.68E+01 7.03E+00 1.84E-03 8.92E—-04
T13 4.13E+01 7.96E+00 7.21E-04 2.29E—-04
T14 4.04E+01 6.22E+00 6.77E-04 5.02E-04
T15 5.23E+01 5.91E+00 4.26E-03 2.06E—04
T16 4.50E+01 8.23E+00 4.44E-04 1.90E—04
T17 4.37E+01 5.92E+00 2.31E-04 1.89E-04
T18 3.35E+01 7.22E+00 7.19E—-04 2.21E-04
T19 4.84E+01 7.44E+00 2.34E-03 2.06E—04
T20 4.81E+01 6.89E+00 2.57E-04 2.24E-04
T21 5.02E+01 8.81E+00 4.89E-04 3.33E-04
T22 3.79E+01 7.84E+00 3.86E-04 1.87E-04
T23 4.23E+01 6.71E+00 6.98E-04 5.18E—04
T24 3.48E+01 8.41E+00 1.33E-02 1.47E-03
T25 3.43E+01 7.27E+00 3.20E-04 2.32E-04
T26 3.75E+01 9.05E+00 8.30E-04 5.11E—-04
T27 3.85E+01 7.80E+00 4.16E—-04 1.42E-03
T28 4.85E+01 7.06E+00 6.12E—-04 4.63E-03
T29 4.56E+01 7.22E+00 3.81E-04 2.29E-04
T30 4.59E+01 7.65E+00 1.71E-01 5.59E—-04
T31 4.26E+01 6.85E+00 3.81E-04 2.50E—-04
T32 5.69E+01 7.99E+00 7.63E-04 5.40E—-04
T33 4.54E+01 7.26E+00 4.50E—-04 1.07E-03
T34 3.88E+01 6.44E+00 4.46E-04 4.03E-04
T35 3.55E+01 8.28E+00 8.36E—04 2.66E—04
T36 4.22E+01 6.74E+00 2.78E-04 2.53E-04
T37 3.29E+01 6.90E+00 8.92E—04 2.87E-04
T38 3.70E+01 6.07E+00 3.49E-04 1.61E-03
T39 4.60E+01 9.23E+00 1.21E-03 1.01E—03
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T40 3.47E+01 6.67E+00 8.78E—04 2.29E-04
T41 4.64E+01 8.09E+00 4.08E—03 5.27E-04
T42 4.03E+01 7.45E+00 2.29E-04 1.15E-03
T43 4.43E+01 7.83E+00 4.31E-04 2.65E-04
T44 3.71E+01 8.09E+00 9.77E-04 8.52E-03
T45 5.38E+01 7.28E+00 9.66E—04 2.09E-04
T46 5.24E+01 8.13E+00 4.81E-03 1.69E—02
T47 3.64E+01 7.85E+00 9.31E-04 2.67E-04
T48 4.99E+01 7.67E+00 4.97E-04 3.26E—04
T49 3.56E+01 6.37E+00 3.13E-03 1.86E—-03
T50 4.98E+01 7.04E+00 2.08E-03 2.10E-04
+/—/= 0/50/0 0/50/0 7/143/0 -

WS A R LU, BEREA RN, 1GD (HAEANFFREE LR, Bk n] DL E
MTO-DCR (PR T EEAE R o 4k 1)l ) o 52 (M B AB O, AR R R SGMEaE — 2D 1 o,
PACRERE IR, FEAE SR VERE I AR TN AL & S BOTERE . B TR T AR B2E X5k, B 05 2256
W6 28 5] ik AR A 0 RATHRALTT A, X KR FRAR 1 SREAE IR R e UL FOXESE , 3R 1 TH 0 4S
RIHEYE . TN T IOT A2 2 2 5R0g, B REWS A RO AME S5 T 22 57, 0P ARABLE: 55 SE B o i o I
%, FFIMEM R Fik, SSIHERRY, PR KA LA G2 A R H S EAR R 77 5

5. &

ASCHE T — g A T 0y 25 B ) B A AR B DG M VI R T VE RN AT RS A ) SRR I 2 H AR 24T
%L H R (MTO-DCR) . 56, fEANFEZ HbR Z AL MALI B(MOMTOP)I, SN 1 —Fhd: T4 07 256
R () Bh A AR AR DRI T 15, 12T 18K D 75 R R o S BB 3058 SRR A LR rp, JFiE
IR 7 2 SRyl n SRR R, MR B a2 B A . JeAh, ZEEES ST —HM
ST R EE AT S S0 155 R 45 A0 e (R AT 7 SR, B 7 M B IE AT AT 45 2 IRl I i e &R, 5K
LS AT 55 Z AR RS . N T 3AIE MTO-DCR 78 8 Sl S 1ol @ (AR 3, A Sciys 7 — 4L 1A
AFEIE BRI FTY . MOMTOP MASEf], FH T IPAh Bt Re, o v mh s ge i — 0 LU ah A8 s Al
RV VE 51T SR (e Re . TEMNR B, BATIERE T LR BN RAT R B AT 5 G, BT
SEHG 45 R F W] MTO-DCR A 2 A s .

SR, KT MTO-DCR WA E Vi 2 SO b Ty o B,  anfar 3 s s S dH OGP 40 B8 R G e
BPE, AR A BRAVEREXRI TG E AL, TSR BL AL B R . Rk AR AR AR By BT
R A B R DU R s Ui R SRS b, JE20 MTO-DCR #E) 2 S 4 M KL 5.
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