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Abstract When solving real-world problems, it usually needs to optimize multiple conflicting
objectives at the same time. Such problems are referred to multi-objective optimization problems
(MOPs), if the number of objectives is more than three, the MOPs become the challenging Many-
objective optimization problems (MaOPs). Many-objective optimization problems are extremely

challenging due to the characteristics of high-dimensional decision space and complex
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computational cost. As one of the solution methods, the Multi-population Cooperative Co-
evolutionary Algorithms (MPCCAs) select sub-populations through relevant strategies and guides
the co-evolution of sub-populations, which performs well in solving various multi-objective
optimization problems. However, the existing MPCCAs still suffer from the limitations of high
computational cost and low search efficiency, etc. In recent years, reinforcement learning (R1.)
has been introduced into the framework of evolutionary algorithms due to its superior decision-
making ability, which has become a key technology to improve the performance of algorithms.
Therefore, this paper proposes a Deep Reinforcement lLearning guided Multi-population
Cooperative Co-evolutionary Many-objective Optimization Algorithm based on Deep Q-
Network, namely DQNMaOEA, for solving complex multi/many-objective optimization
problems. In order to effectively guide the search in a large-scale decision space and improve the
search capability of the algorithm in high-dimensional objective space, this paper proposes an
adaptive sub-population selection method based on the Deep Q-Network (DQN) model. Through
the interaction between reinforcement learning and the environment, this method considers the
characteristics of problem instances and the current states of sub-populations to select sub-
populations with better performance. To further enhance the diversity of solutions, another sub-
population is selected based on utility values to form the mating pool together, which can generate
offspring solutions with both better diversity and convergence, and improve the adaptability of
algorithm to solve different problem instances. Additionally, in order to reduce computational
costs and improve the search efficiency of the algorithm, we propose an adaptive sub-population
computational resource allocation strategy which dynamically allocates the fitness evaluation times
of sub-population based on their utility value contributing to the entire population optimization
process. Experimental results on a set of benchmark problems and a set of real-world many-
objective vehicle routing problem of logistics from SF Technology 1.td. show that DQNMaOEA
achieves better performance than other state-of-the-art algorithms and has high capability to solve
real-world problems. This paper is organized as follows. Firstly, we systematically review the
relevant research background and related work, and concisely summarizes the primary
contributions of the proposed algorithm. In the second section, we comprehensively outlines and
elaborates on the fundamental theoretical knowledge and key techniques involved in this study.
Then, next section details the collaborative sub-population selection approach and introduces the
Deep Reinforcement Learning guided Multi-population Cooperative Co-evolutionary Many-
objective Optimization Algorithm based on Deep Q-Network. This section provides an in-depth
analysis of the design principles of the algorithm’s core components and conducts a rigorous
theoretical and computational performance analysis of the proposed algorithm. In the fourth
section of this article, we present comprehensive comparative experiments across five distinct
aspects to validate the effectiveness of the DQNMaOEA algorithm and its key strategies. The
experimental results are presented and analyzed in depth. Finally, we conclude the research

findings and outlines potential directions for future work.

Keywords many-objective optimization; many-objective evolutionary algorithm; adaptive sub-

population selection; adaptive computing resource allocation; reinforcement learning
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(Unsupervised learning, UL) LI K 3% 1k 2% >J
(Reinforcement learning, RL) , = & ¥ 2AUH| 2% >
[ 7 1% L A DA RS i I ¢ A5 1Y) e U A R ) 4
Ao Kong % N UM T —Fh B T i = 1AL i 48
£l #% ( Attention-based pointer network, A-Ptr-
Net) , & & fif P Jo ALY i BT 2% v 04 B0 A 4k 0]
RO, OO0 AR B i S S . Joshi S NI T
— N BE T PR i R 2 25 B BIL I A R A S HE SR
HF242) TSP Wi . BEAh, Jiao % N4 T
— b L F £y B % BE 1) K-means 2 28 38 4% 5 7% K-
means-AD, DU A BB 7 B340 A AT B EE BT .
TSR R O A A R TR, L A N A G A
SRS LS AR A B AN (B i, IRl
A2 2] Actor-Critic B XA 11 25

M5 s WEIE N i — AR G S R HE AR S HL AR
2 2] I E ARG PR IR SR AR T 5 0 B o vk
ANTA Y2 DI RGBSR 70 2 e it - 4 B T
TEEAC LR b i i A7 O A et sSOR) AR 458 05 1k
XoF PR £ AR T A i o B4 by P T A 3 AT AR A0 Ak
[N HAT Z 2R st . IR G 7 i)
SERFR A AR AN [R] 7T DK 2 PR - 2 2] il
A% 52 77 1 A Ko A 48 7 o I 2 >J A AR 1
Lima 25 A" JF Alipour 28 A2 511 FH Q-learning 55
Z B RE A sRAL 27 > LR WG A L SRS R s AL S Xt
A2 BRI R) 6 AT R AR AL . Sun S5 )8 2o 52
Fem Lt 2kl e TR U B A2 i AT s, A sk
A/ T A R B B8 R s ] U] Ak ) i A 2 i
SEPR A S A AR B A . Joe SE N T —Fp 3k
TIREE AL > Wi D775 DRLSAZ T F 54
FEINGFBIT I B B, 8 0 58 Ty 254522 )
5295 TR TR BE i Ay > L AL TR KA
BB TR K A G S T AL G gk i
T MIRARSA

B AR R ) R E R it 5 1 2 2 U 1 A%

O 2 AR AR BRI T R E A S
DT R IR B SEBRI R I R e S 2
FEAL B 7 A SR AR CR L B 4G BV 5 SE i (e 2k
SRARAE T AT AETE Z2 PR

3 DQNMaOEA &%

FEAR T FRATT A AR AR S 1 IR B A
> 51 50 2 R U IR AR 2 B bR R AR
DQNMaOEA I HESE , SR )5 43 5 A 43 DQNMaOEA
R R N E BT VA ey L b vir ey Ry | NS BT Am v b g =
UG TSR, IR T A Sk B S B2 M kA T
TN HT
3.1 BERIEZR

345 T DQNMaOEA Bk e . H2t.
R RSB T3t i AR S BRI LRI IR A VAN S5
NAMGESH , FERAGE AR5 X R 4 27 ) AP R OGEK
BATMEESP, 55210 i A CHK, SEIRZ FHED
WAL . B AT fE 2 b S e T AR AL 3R T
A RS RASE ST T, P R PR

R SCHR 9 B DQNMaOEA 1Y O 85 4 45

T
Tt
.
El

|

BIHLAI 1L DQN

bR A Y

it BRE AR A

N

¥
| FITTT DON 1 ‘
MatingPool SP
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ROHAEICRE RIS Rk
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N
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T T FACANE S AR
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LR, 1 e SE TR a4 (D BEPLA BUA N s MatingPool_SP , E W55 4
AAMREIFREE P; (2) 4 18 VAN M YELE H bras (8] 444 13. P_Value = MatingPool_Value (P,II,SP) ;
S IR B T A A5 (3) SRR P 5 2 T ik ) R AR RSN e

EAL 5 TSP, A TRBESP, 5 A5 R A fidith MatingPool_value , 7 WLE 1 5
e s \ o . 14. While operation no. << sub_FE(no. P_SP) do
%Eﬁ,%fﬂ%ﬁﬁifﬁ@{t{%,(4)[3@*}172%&%#4\ 15. p_.\Z<—P_SP(operation no. ++); //
DQN; () BB A TR0 1: (O ¥lta s 2 N
Hlt FVFLME 2. 2R 00 TR Ry . S
MR R LR SR AR AL BR, ' - R
SRR - (D AR 53 5 52 o B BORS  5 /PP Viatue TERFAA 0 L
DQN #4748 1 - 52 42 il il MatingPool _SP (1) ¥ i Off M %C;;Z;;gﬁggs (s
o FUE R SCACT FRE P_SPs (O RIS & e 18. p;:u]\;;mi:jl Offspring. obj):/jﬁ%ﬁﬁ1‘/ﬁ
L 3 T ROHME T+ AR B0, 7 AR Al BN
tt MatingPool_Value. [R) i}, i % B A Je 3 19. [ PsRq,reward ]=Selection(Offspring UP
Pt s BB LA — 7 MR RIS, S [) A= i PR R] A (P_value) Up _sp) 3/ /¥R 3 # 5% we o 35
FFIHE P_Value; (3) F A2 FL it A9 A AR A= L IR WL 2
R s (O BT BEFE RIS P L M4 Tchebycheff Y b 20. rl ~—UpdateDQN (P, A, reward ); // %
F IR A R A N B A K/ INEE B AN P, IRl 761X HDQN, UL B 3
o #2 w2 91 3R 11 DQN 3% By BE 89 % 6l reward s 21. End While
)R BB G MR EERI S 25 ) & 1R A DL A b 2z. T RT3 ST B 2% A then
reward T3 DQN, [71 5 58 %7 AT B/ IME 7. 2 5[] 23. I <— UpdateUlilities( P, A, SP, Z ); //H|
T T VA K il A Ras (6 F4] W 5 5 38 1 A i A A8 (9 A0 HHi 45 T HEAUTE
VEURSYEL. 5 AL A A R L HE AT Il 2 sub FE < UpdateSubFE(IL /71 1
AP AL 454 R A 43
BiE1.  1DQNMaOEA & yEHE S 25. Obj <— P. object; / /%3 Obj HF#E
fA s NCGRRE B . MCH ARl 26. End If
it . PCRZFIRD 27. End While
1.  P=nitialization( N ); / /BEHLFI G AL FIEE P 28. Return P

2. A= UniformPoint(V,M ); //H 1 VA2 5153 i
S i 4

3. SP = UpdateAssociate(A, V ); // KBMEE P 55
2 ) it Ao AR A TR R

4. rl = RecRL_SP (A, N, length (SP)); //¥1 1k

DQN

5. II= ones(length(SP),1); //WIA L& TR AL
JH{E LI

6. Z<— MiniminumObj( P ); / /315 Fp BE H 5 1Y i
/IMH

7. T<—0;// oA R m A

8.  Rq~—; //WIHALE i AT

9. Obj ~—P. object; //iC 3 YA EER) HARMA

10. sub_FE = ones(length(SP),1); //id#H—4 1%

PR A R I R PP A TR AR

While {8 45 A& AT do
P_SP = MatingPool_SP (P, A,SP, M) ; //
FIFHEE T DQN 1 T FhBF 2L PR M, 2E g e

11.
12.

3.2 BHEMMEFHENEERREE

TEFE R A R v, B Uk AR A 1l 5 T i
ACARS R R 2 B AR L AL ™ A B 1 —
AOCHERNEL . R T AR5 R A R 5 2 ) ) 45
R P Ak B R AR S ) Sl W RE T AR SCR
FHEET DQN 1Y [ 38 0 Fh 5 28 SR w76 B ik
BRI JF 5 WS T Fh R 9RO [ B Y
i S (R B 28 B » 52 B2 R B ] R4k , DL 6 b
Az B i A
3.2.1 T DQNAY H i NP e £ R ms

B 2 2 0 AT 55 IR S sh AV A Jil 2 i F i Ak
2F ) 0 OB ) R, DA 1L Agent B BB M 5 IR 85 1E
P H A SR . S T 5 SRR T %
AR A v A e 2 A P I SO ) B G %
TR EE T o0 ) MOEAs HEZR , T8 T
AR BUE R R . X B I8 Y BT R
Tchebycheff 4 %K .
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Minimize g (x, A", Z") = max A" (filx)—2)(2)

:/H\:':Pl]‘:(/ljl,“',AIM)IEﬁZ‘FxXTJ_LE@%%[EJE’Z*:
(=7, ++e, za) 9 HT S TP 88 e /s B AR (8 2 0 1 22
GRS
BETIZ0E I B AE VT ek B e AU e AR S
5 A y BEAT LO AL o A o XoF i y 1) 3 (B K
FI(x,y)—max{lgm@H,
g (3.2, 2")
Hor, 2 3R y I AE 1] 5
SR 5 Ji AR AT AR e AC AR A oA 1k — 1Y
it » PR 0 G 07 B ek 3 SEL it — 251 R Bl AR
PR SCARAR AR Y 0385 L 2 A 2
SFL=>)  FI(z,y) (4)

Hor, Y il o B g i 44
AN TP A S W R AR e
— M il st (sp, SFI) B et 5 H BRI Rq . 14
Za? iy S N[ 780 PN —F R0 RE S8 M 19 SFT, Horh SFT, &
R sp A2 A I AR o O 7 B A . R
AR AR LTRSS n R R 7 =0
FFIHE sp B2 JiE reward .
max SFI, (5)

(sp, SFIr)ER

B 7R BE sp B9 reward W] € XA AF R H AR~ A7 SFIT
B KRB . PR T35 DA A 27 DL {H o R Ay s e L it ¢
H/N G2 R R e KA TS 2 34
PR iy o A A A5 g A1 IR 9 22 Jil T DAAE — Bt
[ AR FFRRE o« gt P45 FH 0 TE SR w303k 2 v
JI7R o
— B AU RS KT (lp, A7
D RAETE S — G5 L A1)
T, Horip, XU YT p M S i A sp W
VEBEOYFFPRE, e, A AR AR 2 LS5
AT RPURBESR AL 2 27 DQN AR i fife 0 He o
A M S AN s= (a0, 2, A1, e,
Aae))  BIVER BT B A (R a=sp0) o
k2., (FHAELERE
B PCYRTAIEE), (AR, sp(ReBE 10 T FIEF) , ACK
BRI 2 2% 1 i), YU o B 4 1 i 4 ) , R il BA
51)
i POYHT S 0 R0, Re( S 87 J5

reward (PPt T FIERY 2L H))
1. SFI,=0;//#tH4k SFI,

reward, =

spis reward.,,, \x,

9 2 Jih BA 31),

2. Foreachy€e Ydo
3. FI(x,y) <—UpdateFI(x,y,\); //F] i 25

K (2)3)THAE I i 42 THE

SFI,= SFI, + FI(x,y),

Update(P,x,y); / /B FIHE
End For
If length(Rq) > f KH{E then

DeQueue( Rq, the oldest ); / /B RqgH AN T
End If
10. EnQueue(Rq,(sp, SFI,)); / /¥ (sp, SFL)JINA Rq
A%
11. reward, <—UpdateReward (SFI,); / /7~ 7 (5) 11
X S5iliES

12. return P,Rq,reward,,;

SR Y BN 4 B IR EE s AL 2] DQN
({p, XL, spu, reward,,, 1z, 2" )VE R AZSE W
ENAE o B E N TR £E0 TFORE spee SR IEAL S R
rh Sl 3 I R TR SR AL A 2T AR DQN SR [ 3 1 1B
P ARE SRR A R ARR,

© 0N g

ik

£ I
[, | T .] L)
S

R
(PR UEAE )

El4 DQNMaOEA #yk MR B A2 S #554) DQN
R B SR F 510 B0 B T K7 78011 25 DQN

1 2
:ﬁzler(a,a,)— q,) (6)

Hdr, 75, Q (s, a, ) J2: Pl 248 W 48 75 i A s, I}
5 oa, M ATT. g R B EE o, Q
{E AT

[:r,—i—ymaxQ(s,H,a’) &P

Hr,yelo, l]ﬂz?‘ﬁ?ﬂl?’maxQ( Si,a ) AT —

VRS AR RH QA
BT A EBRA AR T — A1 B4 S 17 %
FE R 2 45 4E 0 DQN, % DQN 2244 (1 1141 2
BBEEIME LR,
24 DQN B 1l 25 ol T 8 s oK T Bk 3 ot
o FET 28 WM T, BEFLREE /N 2 56T i,
WIFEAR 7, Ho, ange— it i /N TR A
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®1 DONZEMRRAMFASHILE 6. Else
SH I 7. Qualue,, ~—Q (state,sp,);
DQN [2#Z 51 : Layer Layer=>5 8. FEnd For
DQN#IAZET S E:inDim  inDim = length( {p , /1”} ) 9. spy<~—RouletteWheelSelect( Qualue, SP ),/ /%¢ 1%
DQN it 245 1550 oueDim — outDim = length(SP) ik

ERY oy SlIWNAN
NGB KN batch size batch_size = 8*num (Update_Parent )
2 H LR LR=0.1

09 2 T 87 SRR : Update _iter Update iter = 0. 8 * MaxEpoch
P PR AR ReLU

:Capacity  Capacity = 512

7R s batch _size AR A YGE AR A Az B AU 45 4
AR H AT IR R4S . B A (6)-(7)
FHAAR R sRBOT R HI B A& 46 I ?—/\“"Fﬁﬂ?%
D28 2P 28 I 2% AT T A A R a2k A rh e B 2 T i
)T o
Hik3.
i A TR I A1), Q(
i Q' CHHF 45 )
1. &R TrhBENLREE barch_sizedit it
2. If i R HH BB then
3. ,—r,+yrdr,1g1§(Q(s,H,a); /AT QA
4 Guu=Q(snas Q) //THHE T QE

5. ET%Eng@@yw&m%%ﬁ%%ﬁ

DQN 1125 772
VI ESHICES)

205 T

6.  Q=DLUpdate(Q, L,grad);/ /5 JT 5 % &
JE T B D5 ¥R S T A A BT R 2 Q T S

7. EndIf

8. Return Q'

e A2 S It 2 1T AR A RPIRES L A1t
AT QME . A8 )5 il o 5 AW il B
1A QL FEE A 1Y TR . 2Ry, sk
— PR S5 WO T A EAE B A REHE
PEVEFE ;s TEIX TG OC T, 7 R0 e o ) e g i A
Je il AR R VPR . AN SCER M R TR sl o)
(4 3 1 AR SR 1 DR AR B BRE i 4 BT

B4, SETHRERAL TR A& TR

A PCHATFE), ACCIK 192 2% ) &), SPUB 3% -+ Fh

HEEER), TN IS , QU1 I 45)

it : MatingPool _SPGERERIAS D)

1. Vtath{p /1”}'

2. Qualue <— Zeros (1,|SP|); / /%1t 4k QH
3. Foreachsp,€ SP do

4. If (o, sp;,2, *) ET then

5

return sp;;

10.  MatingPool_SP <— spy;

11.  return MatingPool _SP;
3.2.2 FETHUMMER TR0

N T T RO RE L SR E TR ERL
B 18] 8 o= [y, 7z, oo oy ] o e [0, 1] (=

2, o, N) RoRTFEE sp, LA PERE 115 72

mr.

B IR A A T AR sp 1Y IR
R FIRp,:

FIR , = g/vﬂ< besty,s Aspis 2*) B gm< besty, A 2 ) (8
P M( besifypk, As‘ﬁ‘ ’ Z*) \

Horr, besty, 72 T RREACA AT IR AR » besty, & T FRE
FARBY B -
T3 NAS 7RI YR 10 32 ot A fe KA
MAXFIR =Max (FIRsli€{1,-=-,N}) (9
IR AT AT BB TR RE R SOIE , AT i T
R X 244 A AR A TR
0.9FIRg, + 0.1
MAXFIR (o
FHF A9, 10 T HEAR B EEA T FREE
IR » SR DA— s 3 o 5 v, AR 4% 1
AR A 205 e 9 DA R AR o A o BE AL e 1 Y 5 b
e [RIE O 1Bk S SRR AR IR R AT A— 2 R
FIBCEERL A ) A B R A AR 7R P_Value,
HARGEmG  A An 7% 5 P
BIRS. T RUTME A TR s ms
i A\ . PCHRTANEE) LI TR ESUTE) . SPCT R )
i - MatingPool_value(H= i A 22 B i)
1. P_value = RouletteWheelSelect (SP,I1); / /AR ¥& T
FREROIE AT, PSR 242 0 P_value
2. While operation no. << P_value. length do

Jo7 HE ek itk

T,—

3. If rand <7 then

4. p_value <— P_value(operation no. +-+);
// P _value FFpEH eI —A AR fit

5. Else

6. p_value <—— Random(P); // M\ & 4 Fh Ji v
R ML H— AR i

7. End If

8. MatingPool_value U p_value
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9. End While
10. return MatingPool_value

T FIEE RSO B FT DA S RO AR
AL TR 21 Fi R AR B TR PRI AR AR el
RERRTE A48 S0 12 S A b e P B ™ A AR
FACH T ARSI . R RN
G LA I R B AR R B ARG L B DL — E R
2R A o R 2 R — > B AL A A A AR i AR
MatingPool_value ", TEARAEWC S Y [R] i, 57 K Fh
RERY AR .

3.2.3  ZFPHEUFIUEIL R I
UNIELS i T AR R 2% R AL

PR o

" o= THEN

,/-\ Sl ‘:\;: PF

(a) HET o7 kR i

.
L

A

A

HEIRZA TR AL R b ARERUTIE
TR SRS 7 A R S DQN JEHE 1) TR
A HC D » PR RL A A GRS 5 2 R TR
it LUORT R de . PRI FEn ] 6 Brs

HEFom b A7 2] 6 F & R R A e

E R

=1 (-1 B

BT EL R T P 4 SR
& Grwnik

il ML 1%

5 ZAEELA S EIE

ferHP

gi @ TSP,
;’ X o)

E RSP,
‘/'..\'

(b) thFlEIbERIE

K6 DQNMaOEA Bk 2R PRl s 2 &

AR BIfil A (1 77 3k - LA P 0 BE 5 W A 9 o1
PR ECEPE RS AN RS T A T B A LU LS

— BT . BLA R 20 T R e D 1 g,
X P Rl 5 R B yg, o TR AR MY
IR 2 Tl B R X R ok 2 9 25 R B+
y max Qs iy a')e T HLHE Y 7P BE AR AR T

AR AT S AN X i 26 A A DRI SR s
WA R AEM A T R [T R
(14 DR e B a1 e — IR B A 28 R 4 A HE T

BUA 1Rl R L £ SR AR BAR R 1
I3 T 20 VA G SR L P 48 1 A 2 T IR P AL
o7 ) B R PR SR, M TR i Al o ) 5 PR BT AT 52
L 308 2o ) 265 i A — A i B SR ) R A
TR QME . 2T QME H G NI A fie .l
e, I i B SR s e FE A R vh 25 08 T R g e )
R 1B 5 LB 25 TR AR iT LA AN TR] A 552
19115 24 i A 4 L 7 D [RL2E A 7 v R BSOS [R) A 5 b
TG L O 1 R L 5 B A4 0 T ARG 440 R AR 3 Y
M o

P CABORETTH RT3k T DU ROt i 45
TR PERE . Pt SR AL T8O R B
TR SR AT UGS 24 iR AR A SRR R Y T
FiRE S U™ AR S 0 AR . R Sy 1 R S Rl et
BN R R AL » A — 7 B3 A HiAt 2= Iﬁﬂﬁﬁi‘%? ;
[7] I e BURH A2 AL M S A e . A T IR
ﬁﬂcéﬁﬂE%Tiﬁﬁﬁ{ﬁiﬁﬁ%fﬂﬁ%%,ﬁ/ﬁi%%%
AP A P R T i L AR Rk e AR RE L 7
P IEVE  ZREME S DL A R AR A5 T AR 5
TARRIETL
3.3 BENFMETEET RS R

HT T 4% Rl R AR A A v B B AL Y
TTRREEANTR] o 40 2R X 5 mRE ARG A 3 b R AT A 1] 19
A BRI BC A5 B3 YR AU HEA T AR TR R0 52 3L
RS I RE DA L S PR PR AR S AR A,
RR AR BB AL R AR DI ARG 251l
AR A5 2 R R LR RS A AR Rl R A Y TR X
A8l U i R Lk o K NS - {1 P = BrO AR R
TR Be n] ARS8 A B A S35 1 R 7
P o DT B M AL R RR A 55K o [RI  3d i 5 B
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e 3138 PR L AT LU AR B TR BRI RE 08 72 00 A 3. 4.2 B SRR
TEURIEAT A R AL o DT 3 R A Bk (A U I (D FEIEHER

JERIE R AR BLAh, b I B R A Bt T LA
BRI e M . A T XA ] 1 ) S 3]
ANTF I E AR R S A N 4 e AT DA A5 550 B
R AR L DT B 4 b 3 FH T 22 R A 1 [ 831 41 35
FH bR R

25 LRTIR A 38 N 53 BE A TR RE A TR B UR T
DL Bh Z A E R R 1L 22 H AR B A 3 B 24
AR T FEURT B BRI, Fi2 i B30 125 A48 2838 L e s
JE RS E T

A SCHRE B 3 TR T R A L OR
W S A SEARUI AR B> 1 I BE X Y iR AN Bl AL
AR BT » B0 28573 BE R oy (A DAL 8, L ELA
SYEC RN

(D TR e B R 1T 7] LA R4 b Al 4% 1
FREER AL ERE LA A (8) L (9. (10) . 1T
1B BRI RO LT

ARG BEA T FPRE XS 2 i 2 PR AL 19 51
Bk RS R T MIT R E SR . &
MaxFE 2 N/~ A5 24 S v/r i fe R iy {8
PEAG VB FRea oy (A PP AL R
0.9FIR« + 0.1 b

MAXFIR

WA MAXFIR=0, 1% & B> F Fh#F 09 18 N AE AL
UHH FE o, = MaxFE.

BET BRI R AR T RS IR A RE A RS
DURBREE , B A B 4T FIE I B2 IR 43 O 100
3.4 EXMgESW
3.4.1 WL

AR 1 7% . DQNMaOEA By i 7] 52 24
FE A A PR 5 A B R BT
ik S B AWACY 1A e A I =S B T R |
Yio XTI ML — DR R, B T IR A R Ak
2 TR E BT R & 22 O(D?), Ko D
RN MK R B PR A . AR T
PRV HEACARAE X T R S B 0 — A R
T, 3 T 2% (B 0 B0 ORE BE B A B R 28 O
O(ISP,)e X F e A7 (0 F R REE B, A A B i )
HE XN O(D). AR A RET, FpE 55T
(R 4 B R O (M )o 3300 B B et 6 455 R ik
(B IS 8] 52 2R BE R O(N )e XF T — AN I 1) 4% 4% i
BB RLII SR G B R 5 4% O O(D?). AL
DQNMaOEA — #& % A By i 1] &2 2% B O(ND?).

FEq = X MaxFE

N HNEZ L 1 it Cibri R 0 SR UR A 8
2] HETRONE R TR LSRR A LSS 5
TR T BhASE W - Dy 52 PEAS - B IR A i o [A] 2R 4k
Bl . HH, DQNMaOEA i #% .0 BAR I [ 3 T 5
fift ) Z AU RO AL BEIE DL S A2 > 0 B JR ] R
PR 1 A MDP J#E 1 7

P[] A SR e T i X 22 B s i AL VA
283k 27 ) 2 B AR AR ) o oy 20
T, AT RREX N — DS FH . & TR
FRAETMAL—H Tchebycheff A& BRECE L) H
H A5 ) R, 5 w5 4 M0 2 BT A0 e T 5% Ao 24>
F IR PR IO o S A D R AL e
R BE A A B £ H bR, 8 R R (]
G BACH. AT A sk 5 2 e . Hodr, +Fb
TEE AR NS TE RO R AT A J - ) AR
eI BV BE AL SR MG U T L e B Y
2 JRA AR S AN [R] [n) USSR AR R T . TR
b2 20 3 2ok IR A B 5 R SR S AL, 7R AR R
AL N 2 H bR Rl 437 5 b e B 25 MR
Podh. T IREE Rt TR EE v Ak 2% 2T 3K 5l [ 36 1 5K
W5, AR [P BREAIE 1 35 1 R L L e 42 9 = v 0[]
RO DX Sl g ] s O BRI BT RR - 1) R ) 4 R AT e i
— R TR R R B ol I g

YE R Al 2 2] i 38l B /R T R PR o R —
Tl FH T4 IR AE AN 2 PR TP R RBAR R T )P 9 DS 1Y
BOFHELL  HAZ O R BR S AR A AL 5 e Rk Y
SO B (R AT RME ), BRI — R R {2
MU RPRAS S E, S Te . B, s>
5538 8 T AR e — A SR AT R R . —
AR R g SO IR A KPR i R, A R LR
Wl 551

O/ NITEYNGIPS d PR/ I RS
T B AR I AT B o AR SRR SRS > iR 285 A0 fife
PEEhfE, 5 R P SRS TG .

QP H PR 5 A AL - B A 20 PR
56 8 Hp S HAT I RO, H bR 2 e ) Rt
W, AR A . ARBERAS B[R] 284k, B— 2P
PERR BN AR S IR 2 4 5 B8 MR 3 v Ak L O 4R A5 R B
i .

QRS S e ] RS S S ER A R
FEPE  BRARZS AN/ 25 (0] 75 A BR e T b3, Hodofk
23 [ 7 RE 8 B IR PR B Y HI (R B 1w . sh e
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] U5 A & T BB AR AE RS IRAS T T AT 19 sl 1
£E.

@ HAR T A T AR R 5, - RE S
TEM SRR IR . 5 REAARTR 2 20 SR w175 A
1T W0 LA RS & 9 3 28 R R 40 K i H AR
KAk

%% 2 itz DQN B MDP HE 28 5 7 Fl e e %
FEARZS BT VB EZS (] 22 ol R AR AR AL L e
WAL, T DQN MY A N T PR 5 Ok s il 2

DQN SR A4 i« AR AT B8 8 HL AL B -] Ik
B 25 18] 5 TR 35 DA b RO
RO | R AW LA S AR AL AT 5 BRI Bl 2
HALRE AL DQN Gl o 5 R AL PR Y 58 LA )
P AT A R R R o AR AL 2 ) W BIOE
B A R RS nTAG TN 8 i — 2K
PRR NG F2 2] 32, DQN WY Q 1 R EIGE T g i S 30
L OB TR 1/ R R R D S R o R P o
TRIIE

*2 DONZEHMEAMFHESEHLE
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10 19 7.8335¢e-1 (1. 65¢-2) - 7.6596e-1 (1. 78e-2) - 6.4603e-1 (1. 81e-2) - 9.7385e~1 (1. 17e-3)
DTLs 5 14 1. 2042¢-1 (9. 35e-4) - 1. 2070e-1 (9. 86e-4) - 5.1112e-2 (1. 58e-2) - 1. 2187e-1 (9. 84e-4)
10 19 7.2485¢-2 (1. 80e-2) - 6.0181e-2 (1. 24e-2) - 4.3374e-2 (2. 28e-2) - 1. 0036e-1 (2. 52¢e—4)
DTLZ6 5 14 1.0719e-1 (7. 97¢-2) + 1. 0890e—1 (6. 39¢-2) + 5.6494e-2 (1. 77e-2) - 1.0397e-1 (2. 77¢-2)
10 19 7.0915e-2 (1. 59e-2) - 7.6839%-2 (1. 26e-2) - 5. 5847e-2 (3. 09e-2) - 1. 0049¢-1 (3. 40e-4)
- 5 24 4.8110e-2 (1. 42¢-2) - 4.5813e-2 (1. 17e-2) - 2. 3945e-2 (3. 06e-2) - 9. 8425¢-2 (5. 17e-2)
10 29 8.6709e-4 (3. 00e-3) - 2.3632¢-3 (8. 99e-3) - 3.0552e-3 (4. 22e-3) - 8. 8848e-3 (2. 74e-3)
+/-/= 1/13/0 1/13/0 0/14/0
x8 ZWMEBEMEHUFTEERNEIGD TR
[t M D DQNMaOEA _ [ DQNMaOEA _TI DQNMaOEA _III DQNMaOEA
. 5 9 1. 2175e-1 (6. 36e-3) - 5.0436e-1 (1. 95e-1) - 1.4584e-1 (9. 39-3) - 9. 9656e-2 (1. 69e-3)
10 14 1. 5644e-1 (9. 16e-3) + 2. 1464e-1 (2. 39e-1)- 1. 6601e-1 (8. 51e-3) + 1. 7429¢-1 (1. 40e-1)
D112 5 14 3.1568e-1 (1. 56¢-2) - 3.8947e-1 (1. 69e-2) - 4.8088e-1(2. 19¢-2) - 2.5972e-1 (5. 24e-3)
10 19 5.9563e-1 (2. 05e-2) - 6. 1395e-1 (2. 68e-2)- 6.6428¢-1 (2. 70e-2) - 4.8791e~1 (2. 66e-2)
DT1L73 5 14 3.9073e-1 (2. 44e-2) - 1. 7117e+1 (4. 63e+0) - 4.8330e-1 (2. 83e-2) - 3.0352e~1 (2. 66e-2)
10 19 2.7812e+0 (1. 09e+0) - 1. 3655e+0 (7. 92e-1)- 8.4096e-1 (1. 26e-1) - 5. 1865e~1 (5. 50e-2)
—_— 5 14 3.1731e-1 (1. 76¢-2) - 4.5334e-1(6.10e-2) - 5.8811e-1 (1. 14e-1) - 2. 82791 (5. 89e-3)
10 19 5.9593e-1 (9. 78e-3) - 6.0911e-1 (1. 91e-2)- 6. 6735¢-1 (2. 35e-2) - 3.7017e~1 (4. 04e-3)
DTLZS 5 14 3.9204e-2 (3. 76¢-3) - 3.6708e-2 (3. 85¢-3) - 1.5873e-1 (2. 67¢-2) - 1. 3673e-2 (2. 15¢-3)
10 19 5.7317e-2 (1. 47e-3) - 6.5463e-2 (1. 33e-3) - 9. 4480e-2 (2. 63e-3) - 1. 0994e-2 (1. 54e-3)
DTLZ6 5 14 1.0694e-1 (5. 79¢-2) - 8. 5444e-2 (3. 66¢-2) - 1. 6585e-1 (4. 62e-2) - 1. 9705e-2 (5. 60e-3)
10 19 5.3212e-2 (1. 47e-2) - 6. 1960e-2 (1. 82e-2)- 1.0059¢-1 (2. 37¢-2) - 2.7284e-2 (7. 77e-3)
DTL27 24 6.5592¢-1 (4. 80e-2) - 1.1793e4+0 (2. 23e-1) - 1. 3628e4-0 (2. 37e-1) - 5.7048e-1 (6. 53e—4)
10 29 2.3658e+0 (8. 11e-1) - 2.0860e+0 (5. 40e-1) - 3. 1463e+0 (3. 77e-1) - 1. 0727e+0 (2. 00e-2)
+/-/~ 1/13/0 0/14/0 1/13/0
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s 21 A4 SE ], DQNMaOEA #9 HV B 43 5]
It MOEA/D-DQN. CMOCSO. DKCA . MOEA-
NZD. NRV-MOEA. TriP. MaOEA/SRV .
DRLOS-EMCMO F1 APSEA I 18. 20. 19. 16.
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R T 4N R R . £R 107, DQNMaOEA
9 IGD it MOEA/D-DQN . CMOCSO . DKCA .
MOEA-NZD.NRV-MOEA . TriP.MaOEA/SRV .
DRLOS-EMCMO #1 APSEA 43 % 4 18. 20. 18.
17.19.19.20. 20 19 M8 A 45 51, 2 7 Bk
R T 1T Es 3. ERBAER DTLZT )
i, BT DTLZ7 ) Pareto i 75 & B4 F1 A8 F 1
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25 B R . DQNMaOEA 78 DTLZ1-6 | K358 43
R ¥R B AR R &R E DTLZ5 5 DTLZ6
- DQNMaOEA ) HV 1 1GD 1§ 4= ¥ #5 /& £ 11 »
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B R FAEDTLZ1-7 BRHA S .
Ah 10 25 H A SCHE HE ) DQNMaOEA 5 H 4y %
B2 DTLZ4 /Y 5,10, 12 H br i3t 52 41 1)
o 2K FREE L AT AL FE R TR I T E

*9 EDTLZRIMRX BB EMHVESITER

R MOEA-D/ MOEA- NRV- . MaOEA/  DRLOS-
[l M D CMOCSO  DKCA TriP APSEA  DQNMaOEA
DQN NZD MOEA SRV EMCMO
6.5159%-1 4.6429e-1 6.2591e-5 7.1402e-1 7.4250e-1 6.0562e-1 0.0000e+0 9.1508e-1 9.6217e-1 7.2333e-1

(4. 24e-1) - (4.76e-1)- (3.43e-4)- (1.62e-1)- (1.06e-2)- (3.79e-1)- (0.00e+0) - (9. 26e-3) + (3. 08e=3)+ (1.68¢-2)
9.4904e-1 0.0000e+0 0.0000e+0 4.5504e-1 0.0000e+0 5.6815e-1 0.0000e+0 0.0000e+0 0.0000e+0 9.5489e-1
(2.23e-1) - (0.00e+0)- (0.00e+0)- (4. 11e-1)- (0.00e+0)- (4.54e-1)- (0.00e+0) - (0. 00e-+0) - (0. 00e+0)- (1. 07e-2)
9.6879¢-1 0.0000e+0 0.0000e+0 6.2559-1 0.0000e+0 4.0376e-1 0.0000e+0 0.0000e+0 0.0000e+0 9.8497e-1
(1.57¢-2) - (0. 00e+0)- (0.00e+0)- (3.48e-1) - (0.00e+0)- (4.43e-1)- (0.00e+0) - (0. 00e+0)- (0. 00e+0)- (6. 32¢e-3)
6.5501e-1 4.3285e-1 6.3447e-1 5.7464e-1 6.858le-1 5.8208e-1 1.8763e-1 3.7516e-1 6.8078e-1 6.9287e-1

DTLZ2 5 14
(1.91e-2)- (7.48e-2- (1.8le-2)- (3.52e-4)- (1.67e-3)- (8.58e-2)- (2.87e-2)- (7.3le-2)- (2.52e-2)- (2.27e-2)

DTLZ
10 14

12 16




2390 12 I S/ A R 20254F
#9 EDTLZZFIMRAMIE A HV e TH45R (2630
MOEA-D/ MOEA- NRV- . MaOEA/ DRLOS-
[[E M D CMOCSO  DKCA i TriP i APSEA  DQNMaOEA
DQN NZD MOEA SRV EMCMO
10 19 8.5973e-1  5.6838¢-5 0.0000e+0 9.5557e-1 9.6747e-1 3.451de-1 1.0668e-1 2.278le-4 4.197%-7  8.6551e-1
(1.57e-2) - (2.41e-4 - (0.00e+0)- (1.86e-3)+ (2.04e-3)+ (9.32e-2)- (2.28e-2)- (5.96e-4)- (1.88e-6)-  (2.79e-2)
12 21 9.5364e-1 8.2410e-5 0.0000e+0 9.6193e-1  9.6928e-1 4.9627e-2 9.8198e-2 2.1827e-4 1.5560e-5  7.4522e-1
(2.96e-2) + (3.69e-4)- (0.00e+0)- (2.09-3)+ (6.6%-3)+ (5.0le-2)- (3.33e-2)- (9.04e-4)- (6.96e-5)- (1.26e-2)
4.1384e-1  0.0000e+0 0.0000e+0 1.8636e-1  3.3517e-1 1.9684e-2 0.0000e+0 0.0000e+0 2.0395e-1 4.1839¢e-1
o (3.87e-1) - (0.00e+0)- (0.00e+0)- (3.15e-1) - (2.90e-1)- (7.78e-2)- (0.00e+0) - (0.00e+0) - (2.80e-1)- (3. 15e-2)
DTLZS 10 19 8.7125e—1 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 1.0827e-2 0.0000e+0 0.0000e+0 0.0000e+0 7.7513e-1
(1. 38e-1) — (0. 00e+0)- (0.00e-+0)- (0.00e+0)- (0. 00e+0)- (3.48e-2)- (0.00e+0) - (0.00e+0)- (0.00e+0)- (3.99e-2)
12 21 5.3857e-1 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 5. 4920e-1
(3.85¢e-1) - (0.00e+0)- (0.00e+40)- (0.00e+40)- (0.00e+0)- (0. 00e+0)- (0. 00e+0) - (0. 00e+0)- (0.00e+0)- (1. 93e-1)
_— 7.2726e-1 3.873%-1 6.6626e-1 7.6750e-1 7.8703e-1 5.4583e-1 2.1498e-2 3.2876e-1 6.4305e-1 7.2917e-1
(3.33e-2) = (8.28e-2)- (1.18e-2)- (2.71e-2)- (1.70e-3)- (1.10e-1)- (2.32e-2)- (5.57e-2)- (3.14e-2)- (1.40e-2)
DTLZA 10 19 9.6965e-1 0.0000e+0 4.5438e-3 9.3891e-1 9.7262e-1 8.5725e-1 3.2986e-2 6.5132e-4 0.0000e+0 9.7385e-1
(2.86¢-3) - (0.00e+0)- (1.38e-2)- (4.42¢-2)- (1.3le-3)- (2.06e-2)- (2.95¢-2)- (1.99¢-3) - (0.00e+0)- (1.17e-3)
12 21 9.6789%-1 0.0000e+0 3.0776e-3 9.3285e-1 9.6510e-1 4.9405e-1 2.7960e-2 1.3248e-3 0.0000e+0 9.6811e-1
(7.69e-3) - (0.00e+0)- (8.99e-3)- (7.62e-2) - (1.77e-3)- (1.59%-1)- (2.42e-2)- (5.14e-3)-(0.00e+0)- (3. 14e-3)
_— 1.1441e-1 2.4614e-3 9.7370e-2 9.1601e-2 1.0749e-1 6.7589%¢-2 2.6140e-3 1.3610e-2 4.0184e-2 1.2187e-1
(2.10e-4) - (8.94e-3- (1.15e-2)- (7.15e-3)- (5.38e-3)- (3.02e-2)- (3.8le-3)- (2.29¢-2) - (3.10e-2)- (9. 84e-4)
_ 9.6490e-2 0.0000e+0 3.1474e-2 8.5293e-3 5.623%-2 6.0553e-2 2.3412e-5 1.3209¢-9 0.0000e+0 1.0036e-1
DTLZ5 1019 (2.28e-4) - (0.00e+0)- (2.54e-2)- (1.69¢-2)- (1.84e-2)- (3.08e-2)- (5.96e-5)- (5.90e-9) - (0.00e+0)- (2.52e—4)
. 9.4727¢-2 0.0000e+0 1.7945e-2 2.5920e-2 4.4307e-2 4.0518e-2 2.8098e-6 8.9122¢-12 0.0000e+0 9. 7244e-2
(1.53e-4) - (0.00e+0)- (2.46e-2)- (2.51e-2)- (2.54e-2)- (3.39%¢-2)- (9.23e-6)- (3.98e-11)- (0.00e+0)- (3.26e—4)
_— 1.3450e-1 6.1132e-2 9.7725e-2  9.7067e-2 1.0097e-1 8.5869¢-2 0.0000e+0 4.4415e-2 5.1027¢-5 1.0397e-1
(4.95e-4) - (4.20e-2)- (4.03e-3)- (8.15e-3)- (5.94e-3)- (3.84e-2)- (0.00e+0) - (4.19e-2) - (2.28e-4)- (2.77e-2)
DTLZE 10 19 9.6496e-2 0.0000e+0 9.2712e-2  9.1108e-2 2.4236e-2 8.6768e-2 0.0000e+0 0.0000e+0 0.0000e+0 1. 0049e-1
(1. 20e-4) - (0.00e+0)- (7.90e-4)- (5.73e-4)- (4.06e-2)- (2.34e-2)- (0.00e-+0) -(0. 00e-+0) - (0. 00e+0)- (3. 40e—4)
12 21 9.4751e-2 0.0000e+0 9.2185e-2 9.0959¢-2 8.1791e-3 7.8265e-2 0.0000e+0 0.0000e+0 0.0000e+0 9.7479e-2
(1.61e-4)- (0.00e+0)- (8.43e-4)- (4.73e-4)- (2.53e-2)- (3.25e-2)- (0.00e+0) -(0.00e+0) - (0. 00e+0)- (4. 51e-4)
1.3595e-1 1.8820e-1 1.9236e-1 2.3665e-1 2.6111e-=1 1.1884e-1 0.0000e+0 1.9962e-1 2.145le-1 9.8425e-2
v (3. 44e-2) + (1. 41e-2)+ (9.06e-3)- (3.30e-) + (3.39e-3)+ (8. 28¢-2)+ (0. 00e+0) -(9. 79e-3) + (7. 28e-3)+ (5. 17¢-2)
1.4969e-1 2.1047¢-3 9.8329e-2  1.9545e-1 1.2682e-1 3.1279¢-3 0.0000e+0 1.5039¢-3 2.3629%-5 8. 8848e-3
PILZT 10 (4. 44e-3) + (4.05e-3)- (3.90e-3)+ (3.02e-3)+ (7.02e-3)+ (6.63e-3)- (0.00e+0) - (5.80e-3) - (5.56e-5)- (2.74e-3)
7.9057e-6 3.5976e-10 9.2744e-2 1.6787e-1 7.7821e-2 4.3369¢-5 0.0000e+0 3.5557¢-7 9.4876e-10 1.4402¢-3
(1.42¢-5)- (1.41e-9)- (1.60e-3)+ (4. 02e-3)+ (1.30e-2)+ (1.06e-4)- (0.00e+0) - (1.59-6)- (3.98¢e-9)- (2.42¢-3)
+/-/~ 3/17/1 1/20/0 2/19/0 5/16/0 5/16/0 1/20/0 0/21/0 2/19/0 2/19/0
10 #ZEDTLZ ZFINKEE B IGDESKITER
\ MOEA-D/ MOEA-  NRV- . MaOEA/  DRLOS-
[i] A5 CMOCSO DKCA TriP ) APSEA  DQNMaOEA
DQN NZD MOEA SRV EMCMO
9 4.3303e- 5.7703e+0 3.3916e+0 9.9007e¢-2 9.1384e-2 3.5703e-1 2.7757e+1 1.0864e-1 7.9942¢-1 9.9656e-2
1(7.64e-1) - (6. 64e+0)- (2. 31e+0)- (6.37e-2) - (1.13e-2) - (5.94e-1) - (8.66e+0)- (5.28e-3)- (3.14e-2)- (1. 69e-3)
DTLZ1 1014 2.6900e-1 4.6826e+1 3.6084e+1 4.6098e-1 8.9115e+0 1.7177e+0 2.7478e+1 7.0366e-+1 1.2708e+2 1.7429¢e-1
(6.24e-1) - (1.62e+1)- (6.38e+0)- (3.30e-1)- (3.07e-+0)- (2.82e+0)- (9.67e+0) - (2. 13e+1)- (3. 42e+1)- (1. 40e-1)
1216 1.5244e-1 9.8735e+1 3.4770e+1 3.0376e-1 1.0325e+1 3.5093e+0 4.6387e-1 1.2230e+2 1.7398e+2 1.4428e-1
(1. 34e-2) - (3.3le+1)- (7.97e+40)- (1.40e-1) - (3. 93e+0)- (5.87e+0)- (2.26e-2)- (3.28e+1) - (4. 81le+1)- (5.07e-3)
DTLZ2 5 14 2.9162e-1 3.4607e-1 2.6523e-1 2.6225e-1 2.9542e-1 2.9518e-1 9.8817e-1 3.9170e-1 3.445le-1 2.5972e-1
(2.40e-2) = (3.38e-2) - (7.25¢-3)- (3.21e-5)- (1.49¢-3) - (3.42e-2)= (3.94e-2)- (3.14e-2)- (1.08e-2)- (5.24e-3)
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F 10 FEDTLZ ZHMK N A IGDESE S5 H (4:38)

‘ MOEA-D/ MOEA- NRV- . MaOEA/  DRLOS-
Al M D CMOCSO  DKCA ) TriP ) APSEA  DQNMaOEA
DQN NZD MOEA SRV EMCMO
4.9915e-1 1.5720e+0 1.8466e+0 5.4272e-1 4.8958e-1 7.5575e-1 7.8945e-1 1.4921e+0 2.3271e+0 4.8791e-1

1019

T (3.67e-2) - (1.11e-1)- (1.55e-1)- (3.43e-3)- (4.27e-3)- (4.47e-2)- (3.25¢-2)- (1. 16e-1)- (2.39-1)-

(2. 66e-2)

| 5.6019¢e-1 2.0168e+0 1.9792e+0 4.9617e-1 5.1070e-1 1.0867e+0 4.6387e-1 1.7653e+0 2.4421e+0 6.489%4e-1

(3.55e-2) + (2.15e-1) - (1.31e-1)- (2.30e-3) + (6.05e-3)+ (1.23e-1) - (2.26e-2) + (1.70e-1)- (2.06e-1)-

(4.78e-2)

4.7749¢+0 7.9785e+1 6.0337e+1 1.3562e+0 8.0965e-1 1.8209¢+1 3.8295e+2 4.9896e+1 1.6661e+0 3.0352e-1
(9.68e+0) - (6. 19e+1)- (3.28e+1)- (9.53¢-1) - (7.27e-1) - (2.90e+1)- (6. 13e+1) - (2. 5le+1) -(1. 50e+0) - (2. 66e-2)
5.6046e-1 3.8799e+2 2.2299e+2 7.4165e+1 9.4316e+1 3.2274e+1 3.6179e+2 7.1655e+2 1.2858e+3 5.1865e-1
(1.20e-1) - (1.26e+2)- (8.56e+0)- (1.56e+1) - (2. 10e+1)- (3. 32e+1)- (6. 34e+1) - (1.51e+2) - (1. 7Tle+2)- (5. 50e-2)
21 1. 2341e+0 6. 7897e+2 2.2567e+2 9.2716e+0 1. 1224e+2 6.0121e+1 3.4808e+2 9.1022e+2 1.5618e+3 7.5211e-1
(1.19¢+0) - (1. 34e+2- (6. 55¢+0)- (4. 59e+0) - (2. 39e+1)- (4. 19e+1)- (5. 54e+1) - (1.42e+2)- (7. 1de+1)- (1.97e-1)

)

DTLZ3 1019

3.0225e-1 4.0305e-1 2.4178e-1 2.2716e-1 2.1666e-1 3.3476e-1 1.0959¢+0 4.3438e-1 2.6815e-1
(6.56e-2) - (4.91e-2) - (5. 32e-3)+ (5.55e-2) + (1. 37e=3) + (6.00e-2) - (6. 55e-2)-
4.6165e-1 1.5552e+0 1.2157e+0 4.8073e-1 4.2433e-1
(1.12e-2) - (1.15e-1) - (6.53e-2)- (5.02¢-2) - (5.23e-3)- (1.72e-2) - (5.33e-2)- (9.96e-2) - (3.77¢-1)-
6.0805e-1 2.1400e+0 1.3220e+0 5.6337e-1 4.9911e-1 8.3475e-1 7.7299¢-1

DTLZ4 1019

2.827%-1
(2.80e-2) - (1.59¢-2) + (5. 89%-3)
1.2356e+0 2.0911le+0 3.7017e-1
(4. 04e-3)
1.4163e+0 2.4061e+0 4. 6540e-1

5.5548e-1  9.7752e-1

(2.00e-2) - (2.06e-1) - (6.83e-2)- (7.51e-2)- (1.26e-2)- (8.33e-2)- (6.29¢-2)- (1.17e-1)- (2.30e-1)- (6. 71e-3)
9.3280e-2 4.3553e-1 1.1997e-1 1.7813e-1 8.3636e-2 1.5200e-1 3.3921e-1 3.3708e-1 2.4999e-1 1.3673e-2
(1.39%-2) - (1.73e-1) - (2.36e-2)- (5.27e-2)- (1.61e-2)- (2.61e-2)- (4.29e-2)- (8.40e-2)- (5.56e-2)- (2.15e-3)

1.9922e-1 1.2406e+0 3.3264e-1 4.5979e-1 1.7852e-1 7.5607e-2 3. 3174e-1
(2.62¢-4) - (3.98e-1) - (1.12e-1)- (8.98e-2)- (2.83e-2)- (1.82e-2)- (4.49e-2)- (2.77e-1)- (4.00e-1)-
2.0593e-1 1.7028e+0 3.7489%e-1 4.2287e¢-1 2.08%4e-1
(8.83¢-5)- (3.32e-1)- (1.95e-1)- (1.32e-1)- (2.94e-2)- (3.30e-2)- (2.75e-2)-

DTLZ5 10 19

1221

8.8609e-1 1.3476e+0 1.0994e-2
(1. 54e-3)
1.0385e+0 1.3599e+0 1.2265e-2
(3.04e-1)- (4.35e-1)- (1.46e-3)

1.1257e-1  2.5632e-1

9.1510e-2 4. 9840e-1

1.9167e-1 2.4377e-1 1.5801e-1
(8.30e-3) - (2.08e-1)- (4.15e-2)- (9.52e-2) - (4.88e-2)- (2.92e-1)- (9. 1le-2)-

2.5502e-1 8.4576e+0 4.3278e-1 2.6111le+0 1.9705e-2
(1.40e-1) - (1.31e+0) - (5. 60e=3)

1.9944e-1 4.3517e+0 1.988le-1 2.7014e-1 3.8780e-1 6.911le-2 8.3670e+0 5.2796e+0 9.8934e+0
DTLZ6 1019

(2.72e-4) - (5.85e-1)- (7.19e-2)- (7.49e-2) - (1.16e-1)- (2.29-2)- (1.64e-1)- (1.02e+0)- (4.08e-2)-
2.0590e-1 6.1173e+0 2.2637e-1 3.0782e-1 6.227%-1 1.1735e-1 8.1926e+0 7.3263e+0 9.9358:+0

1221
(2. 11e-5) - (2.55e+0)- (5.22e-2)- (8.72e-2) - (2.03e-1)- (4.21e-2)- (1.35e-1)- (2.22¢+0)- (3.21e-2)-

2.7284e-2
(7.77e-3)
2.0692e-2
(9. 30e-3)

5.9405e-1  3.3062e-1 3.7650e-1 3.7948e-1 2.972le-1 5.2045e-1 3.4980e+1 3.3827e-1 3.0314e-1

? (4.87¢-2) = (1. 34e-2)+ (1. 21e-2)+ (1. 56e-2) + (2. 33e-2) + (2. 0le-1)+ (3. 38e+0) - (1. 18e-2) + (7. 49¢-3) +
1.5742e+0 1.4223e+0 1.0477e+0 9.0473e-1 7.9540e-1 1.3456¢+0 2.2656e+1 1.5923e+0 1.8699¢+0

DILZT 1029 (6.69e-2) - (4.96e-2) - (1.53e-2)+ (4.51e-2)+ (1.32e-2)+ (2.25¢-2) - (1.63e+0)- (5.23e-2)- (1.43e-1)-
2.1660e+0 1.9254e+0 1.2478e+0 1.5428e+0 1. 5085e+0 1.7222e+0 1.318%e+1 1.8499e+0 2.2746e+0

(3.52e-1) - (6.67e-2) - (1.57e-2)- (1.19e-1)- (1.87e-2)- (3.49e-2)- (1.21e+0)- (4.00e-2)- (2.39%-1)-

5. 7048e-1
(6.53¢-4)
1.0727¢+0
(2.00e-2)
1. 3554e+0
(1. 62e-2)

+/-/~ 1/18/2 1/20/0 3/18/0 4/17/0 1/19/1 1/19/1 1/20/0 1/20/0 2/19/0

(2)DQNMaOEA 7E WEG K& v 2 1] f3 |- %)
PERBIRAIE .

S 4R B HV (AR AR 2 11 IGD (B AR AF
fEF12W ., BIAKEHE , DQNMaOEA ) HV {H 1
21 A3 S 5] v e A B A Bk i A 003 Ry
15.19.20.19.15.20. 19 A1 16. IGD {443 %k T
MOEA/D-DQN. CMOCSO. DKCA. MOEA-
NZD.NRV-MOEA. TriP.MaOEA/SRV .DRLOS-
EMCMO Fl APSEA (3] 2 55 7] &7 18, 13,18, 13,
14,1318 13 M1 134~ 15 45 T Z M e [F L AL 3R
B, DQNMaOEA 7£ HV {8 _F R T . (115 Fh

A BRI 2R . TERAFFRE R Z R85 0 WEG4,
ANy i 1) WEGE LA e 2 800 57 1) WEGT B,
DQNMaOEA 8% %A 76 IGD {H T B fe A1 f
FEI H R SR AP 19 20 A #53E Pareto HLSEHITHT
MAE WEG1-3.WFG5 -, DQNMaOEA 4 H} {1 i) 3¢
B, AL RE T4 3] PFs, 1M BL7E i 25 8] R 43 A 55 R 1)
A1 g F R AR WEG 241 [l f35 1 B 484085
JUE B T AR SCHR A DQNMaOEA 19 A 3501 .
FELL WEG2 W3 [m) 84 1], B 11 %6 5,10 A K 12 H
B e i) e 248 R A5 AT T T Ak, B e BH b
XA BT P REIEAT LA
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MOEAT-DON on DTLZ CMOCSO0 o DTLZA DECA on DTLZ4 MOEA- \I?Dm DILZA _\'Il\'-\l‘ﬂ]_'Am DTLI-I Tl oo DTLZ4
Rl ket Luiaadd L = it s el il & A e = - ¥ s sl Lol

Dimension No Bimsemsion No Dimension No

DRLOS-EMCMO oo DTLZ4 True Pareto Front

.f ~'\
?A\
Dimension No Dimension No

(1) Sobj- DTLZ4

DECA on I¥I1.24 MIEA-NZTY on DTLZA 13 NREV-MOEA on DTLZ4 Tnl* on DTLZ4

10 15 20 25 30 335 40 45 50
Dmensson No.

Demension No

(2) 100bj- DTLZ4

CMOCSO on DTLZ4 MOEA-NZ1D) on DTL24 NEV-MOEA on DTLZ4 Inl* on DTLZ4
P - -3 il TR \ e g i

Dinsenwion No Dimension No Ihamensicn Noo

MaOEA-SRV on DTLE4 DNMaOEA on DTLZ4

Dimension No. Dhmension No.

(3) 120bj- DTLZ4
F10  5.10H112 HER DTLZA 15 2% AR =

Fz11 EWFG RN AT LAV ESITER

X MOEA-D/ MOEA- NRV- . MaOEA/  DRLOS-
A& M D CMOCSO  DKCA TriP APSEA  DQNMaOEA
DQN NZD MOEA SRV EMCMO

9.9210e-1  7.9909e-1 9.5214e-1 9.7470e-1 9.8667e-1 6.9178e-1 0.0000e+0 7.7885e-1 9.9550e-1 5.8459-1

(2.70e-3) + (2.98e-1)+ (2.21e-2)+ (2. T4e-2) + (3.77e-3)+ (3.05e-1)= (0. 00e+0) - (6. 94e-2) + (7.52e—4)+ (5.51e-2)

WEG11019 9.9839%-1 3.3609e-1 7.4716e-1 5.6431e-1 4.9846e-1 4.5214e-1 4.9421e-2 2.7474e-1 4.8970e-1 9.9994e-1
(1.79¢-3) = (2.34e-2)- (5.90e-2)- (4.12¢-2)- (3.66e-2)- (3.72¢-2)- (2.14e-2)- (1.63e-2)- (4.24e-2)- (5.47e-5)

8.0208e-1  2.5402e-1 6.853le-1 8.4597e-1 4.3142¢-1 3.6773e-1 4.7055e-2 2.4942e-1 4.6897e-1 9.9983e-1

(1.92e-1) - (1.20e-2)- (6.86e-2)- (8.82¢-2)- (4.23e-2)- (4.38e-2)- (1.19e-2)- (1.62e-2)- (3.82e-2)- (8. 00e-5)

WFG2 5 14 9.0022e-1  9.4279%-1 9.4707e-1 9.4224e-1 9.4582e-1 9.1232e-1 6.3402e-1 9.1081le-1 9.4821e-1 9.4872e-1
(2.89¢-2) - (8.64e-3)- (4.47¢-3)- (6.19e-3)- (2.04e-3)- (1.85e-2) - (1.59%-2)- (9.35e-3)- (1.55e-3)= (9. 68e-3)
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F 11 £ WFG ZFMHELRE Ay HV (HgeTas R (230
R MOEA-D/ MOEA- NRV- . MaOEA/  DRLOS-
[aE M D CMOCSO DKCA TriP APSEA  DQNMaOEA
DQN NZD MOEA SRV EMCMO

1019 9.8733e-1  9.7325e-1 9.7423e-1 9.6810e-1 9.7687e-1 9.8704e-1 5.9052e-1 9.0157e-1 9.7915e-1 9.9873e-1
(7.67e-3)  (3.98e-3)- (8.95¢-3)- (1.30e-2)- (4.48¢-3)- (4.59%-3)- (3.37¢-2)- (1.78e-2)- (4.54e-3)- (5.07e-4)

9.1714e-1  9.2375e-1 9.6987e-1 9.7472e-1 9.7492e-1 9.5598e-1 5.9639%-1 8.6107e-1 9.7387e-1 9.9463e-1

fz2l (4.25e-2) - (1.50e-2)- (1.02e-2)- (1.09e-2)- (6.27e-3)- (1.1le-2)- (3.11e-2)- (1.91e-2)- (6.31e-3)- (1.76e-3)

5 14 6.2495e-2  1.1901e-2 1.0030e-1 1.1296e-1 1.3099e-1 4.0540e-2 1.4632e-3 1.0187e-1 1.1104e-1 1.3708e-1
(3.34e-2) - (1.23e-2)- (1.54e-2)- (2.44e-2)- (2.24e-2)- (2.19e-2)- (4.63e-3)- (3.02¢-2)- (2.92¢-2)- (2.29e-2)

WFG31019 6.0570e-4 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 8.0115e-2 0.0000e+0 0.0000e+0 0.0000e+0 9. 8085e—2
(2.47¢-3) - (0.00e+0)- (0.00e+0)- (0. 00e+0) - (0. 00e+0)- (4.92e-3) - (0. 00e+0) - (0. 00e+0) - (0. 00e+0)- (1. 00e—-2)
291 0.0000e+0  0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0

(0. 00e+0) = (0.00e+0)= (0. 00e40) (0.00e+0) = (0. 00e-+0) = (0. 00e+0)= (0. 00e+0)= (0. 00e+0) = (0.00e+0) (0. 00e—+0)

5.3556e-1  5.9823e-1 6.5199-1 7.6129e-1 7.6966e—-1 6.1102e-1 3.9878e-1 5.9316e-1 6.7838e-1 6.1236e-1
(4.05e-2) - (1.76e-2)- (1.44e-2)+ (2.28e-3) + (2.49e-3)+ (1.06e-2)- (1.19e-2)- (2.96e-2)- (1.08e-2)+ (1.0le-2)
WFG4 1019 7.2132e-1  5.2280e-1 6.3150e-1 8.9446e-1 8.5951e-1 8.1515e-1 3.8598e-1 5.9927e-1 7.3229e-1 7.9937e-1
(3.24e-2) - (2.04e-2)- (2.37e-2)- (5.97e-3) + (9.88e-3)+ (6.66e-3)+ (2.24e-2)- (2.06e-2)- (1.42e-2)- (2.53e-2)

7.9639e-1 4.4762e-1 6.3682e-1 8.1514e-1 8.3203e-1 7.4207e-1 3.9290e-1 5.7613e-1 7.0306e-1 8.3257e-1

1221 (2.25e-2) - (1.67e-2)- (2.19e-2) - (5.60e-3)- (1.25e-2)- (1.91e-2)- (1.26e-2)- (1.8le-2)- (2.28e-2)- (1.67e-2)

= 14 4.9016e-1  6.0222e-1 6.0212e-1 7.2307e-1 7.3310e-1 5.8567e-1 3.602%-1 6.4171e-1 6.7126e-1 7.3476e-1
(2.21e-2) - (1.88e-2)- (1.38e-2)- (1.36e-3)- (2.10e-3)- (1.34e-2)- (5.00e-3)- (1.75e-2)- (6.83e-3)- (1.46e-2)

WFG51019 7.2594e-1  7.0428e-1 6.2128e-1 7.8863e-1 7.5976e-1 7.6628e-1 3.6622e-1 6.7008e-1 6.6593e-1 7.8879e-1
(2.06e-2) - (1.49e-2)- (1.34e-2)- (2.32¢-3) = (5.23e-3)- (9.26e-3)- (1.68e-2)- (1.80e-2)- (1.70e-2)- (6.44e-3)

1291 6.8071e-1  6.6950e-1 6.1691e-1 6.7515e-1 7.2206e-1 7.2368e-1 3.6803e-1 6.4099e-1 6.3336e-1 7.5283e-1
(4.83¢-2) - (2.03e-2)- (1.92¢-2)- (4.63e-3)- (1.48¢-2)- (1.51e-2)- (1.95¢-2)- (1.89%e-2)- (2.71e-2)- (9.91e-3)
6.1360e-1  5.3786e-1 4.8816e-1 5.9855e-1 7.1332e-1 6.5149¢e-1 3.2002e-1 5.235le-1 6.6411le-1 5.6661e-1

1 (7.95e-2) + (1.02e-2)- (9.90e-3) - (3.52e-4) + (1. 62e-2)+ (2.66e-2)+ (7.31e-3)- (2.3%-2)- (1.83e-2)+ (1.21e-2)
WEFG6 1019 7.1416e-1  6.4104e-1  5.7793e-1 7.4103e-1 7.2890e-1 7.4730e-1 3.2135e-1 4.9272¢-1 6.5366e-1 7.4752e-1
(9.53e-2) - (1.52e-2)- (2.04e-2)- (2.43e-4)- (2.03e-2)- (3.99e-2)= (1.28e-2) - (4.02¢-2)- (3.57¢-2)- (1.53e-2)
6.5784e-1  6.4578e-1 5.7392e-1 6.4262e-1 6.9500e-1 6.5716e-1 3.2373e-1 4.5250e-1 6.0548e-1 7.1331e-1
(3.64e-2) - (1.48e-2)- (1.72e-2)- (3.97e-4)- (2.38¢-2)- (2.05e-2)- (1.62e-2)- (3.03e-2)- (3.46e-2)- (1.39e-2)
7.0660e-1  5.9335e-1 6.3972e-1 7.6525e-1 7.8419e-1 6.8810e-1 3.9359%-1 5.7550e-1 6.6505e-1 6.4747e-1
(3.02e-2) + (3.77e-2)- (1.74e-2) - (1.62e-3) + (1. 88e-3)+ (1.63e-2) + (6.28e-3)- (3.09e-2)- (3.18e-2)- (4.93e-3)
WFGT1019 8.4249¢e-1  4.687%-1 6.4399%-1 7.1060e-1 8.0096e-1 7.8509e-1 3.875%-1 5.1168e-1 6.3520e-1 8.9885e-1
(2.37e-2) - (2.45e-2)- (2.21e-2)- (1.49e-2)- (1.28e-2)- (1.58e-2)- (1.66e-2)- (1.80e-2)- (3.06e-2)- (1.55e-2)

1291 8.0491e-1  4.0798e-1 6.3833e-1 9.0934e-1 8.3562e-1 7.1982e-1 3.8620e-1 4.962%-1 6.0480e-1 7.7112e-1
(3.66e-2) + (2.06e-2)- (2.72e-2) - (1.51e-2) + (1.86e-2)+ (2.29¢-2) - (1.75e-2)- (1.50e-2)- (2.84e-2)- (1.00e-2)

+/-/~ 4/15/2 1/19/1 2/18/1 6/13/2 6/14/1 3/15/3 0/20/1 1/19/1 3/16/2
Fz 12 EWFG 25K D3 EWIGDESITER

5 14

1221

‘ MOEA-D/ MOEA- . MaOEA/  DRLOS-
[alf s M D ) CMOCSO  DKCA NRV-MOEA  TrP APSEA  DQNMaOEA
DQN NZD SRV EMCMO

7.8963e-1 1.0552e+0 9.0691e-1 5.0102e-1 4.5510e-1 1.2293e+0 2.615le+0 9.2160e-1 6.0470e-1 1.2200e+0
(1. 07e-1) + (6. 00e-1) + (9. 43e-2) + (1. 72e-2) + (9.47e=3) + (5.8le-1)= (4.80e-2) - (1.30e-1)+ (1.77e-2)+ (1.0le-1)

rC1101 1.7843e+0 2.8575e+0 1.8542e+0 1.7968e+0 1.9315e+0 2.3896e+0 3.3855e+0 3.1005e+0 2.3681e+0 1.3925e+0
(1.69e-1) - (1.79e-1) - (7.92e-2) - (1.07e-1)- (1.37e-1)- (1.37e-1)- (5.46e-2)- (1.18e-1)- (2.26e-1)- (5.44e-2)

1291 1.9198e+0 3.5758e+0 2.0047e+0 1.5883e+0 2.3716e+0 3.0359¢+0 3.6478e+0 3.5701e+0 2.5681e+0 1.5680e+0
(2.69¢e-1) - (1.79e-1) - (1.12e-1) - (8.54e-2)- (1.99e-1)- (3.55¢-1)- (5.04e-2) - (1.98e-1)- (1.91e-1)- (7.62e-2)

WFG2 5 14 9.6483e-1 8.1216e-1 8.6283e-1 7.0115e-1  6.8280e-1 8.0156e-1 1.4821e+0 8.3696e-1 8.1002e-1 6.6033e-1
e (1.06e-1) - (4.66e-2) - (5.23e-2) - (4.42e-3)- (1.62e-2)- (4.25e-2)- (3.15e-1)- (3.28e-2)- (2.67e-2)- (3.07e-2)
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F£ 12 7EWFG RFIIR A A IGDEG 4R (2:38)

‘ MOEA-D/ MOEA-
[alf% M D CMOCSO  DKCA
DQN NZD

NRV-MOEA  TriP

MaOEA/  DRLOS-

) APSEA  DQNMaOEA
SRV EMCMO

1.7417e+0 1.9782e+0 1.6112e+0 1.0902e+0 1.2302e+0 1.6666e+0 3.5548e+0 2.1343e+0 2.0348e+0 9. 8866e-1

(9.68e-2) - (1.44e-1)- (6.54e-2) - (1.23e-1)- (7.8le-2)- (1.34e-1)- (7.43e-1)- (1.1le-1)- (1.72e-1)-

(2.23e-2)

1.6928e+0 2.6334e+0 1.7219e+0 1.2640e+0 1.3185e+0 2.8263e+0 3.9946e+0 2.9993e+0 2.5877e+0 1.2623e+0

(1.02e-1) - (3.69e-1) - (8.83e-2)- (8.84e-2)- (5.19e-2)- (5.09e-1)- (8.22e-1)- (4.70e-1)- (4.42e-1)-

(4. 05e-2)

1.2253e+0 9.0864e-1 6.1155e-1  6.9919e-1

6.3075e-1

8.6491e-1 8.285le-1 7.1039%-1 6.2023e-1 5.4035e-1

(1.70e-1) - (9.98e-2) - (1.06e-1) - (1.33e-1)- (4.39e-2)- (1.17e-1)- (4.46e-2)- (1.35e-1)- (8.16e-2)- (3.88e-2)

WFG31019°

3.4571e+0 2.8735e+0 1.2710e+0 1.1406e+0 2.1501e+0 1.9983e+0 1.4487¢+0 2.6245¢+0 2.5716e+0 4.4563¢e-1
(1.40e-1) - (2.69e-1)- (2.61e-1)- (3.41le-1)- (2.21e-1)- (2.71le-1)- (7.49e-2)- (2.05e-1)- (4.99e-1)-

(4. 53e-2)

4.2574e+0 3.6069¢+0 1.6698e+0 2.1306e+0 3.0545e+0 3.4103e+0 1.6637e+0 3.3012e+0 3.6050e+0 7.1409e-1

(2.23e-1)- (2.90e-1)- (3.05e-1)- (3.93e-1)- (4.50e-1)- (4.55e-1)- (8.71e-2)- (2.76e-1)- (4.75e-1)-

(6. 94e-2)

2.3016e+0 1.2331e+0 1.289%4e+0 1.2256e+0 1.2491e+0 1.2528e+0 2.0383e+0 1.2271e+0 1.1487¢+0 1.1380e+0
(1.65e-1) - (1.36e-2) - (2.68e-2)- (1.22e-3)- (1.13e-2)- (1.0le-2)- (1.64e-1)- (2.45e-2)- (7.47e-3)- (5.33e-2)

WFG41019

5.7785e+0 4.3939¢+0 4.6172¢+0 4.5824e+0 4.6163e+0 4.1337e+0 8.9771e+0 4.2782¢+0 4.1720e+0 5.5646e+0
(

2.87e-1) - (3.63e-2) +(6. 26e-2) + (2. 64e-2) + (8.5%-2)+ (2.22e-2)+ (8.47e-1)- (2.78¢-2) + (4.05e-2)+ (1.57e-1)

17. 4939e+0 5.9675e+0 5.9182e+0 6.8193e+0 6.1532e+0 6.2875e+0 1.1266e+1 5.8499e+0 5.8318e+0 6.6752e+0
(2. 14e-1) - (4.89¢-2) +(5.50e-2) + (4.57e-2) - (1.05e-1)+ (4.78e-2)+ (4.39%-1)- (4.02¢e-2)+ (4.41e-2)+ (3.22¢-1)

2.1420e+0 1.2315e+0 1.3145e+0 1.2135e+0 1.2485e+0 1.2565e+0 1.5729e+0 1.1597e+0 1.1333e+0 1.1143e+0
(1.25e-1) - (1.63e-2) - (2.34e-2) - (1.78e-3)- (1.60e-2)- (1.27e-2)- (6.55e-2)- (1.68e-2)- (6.66e-3)- (2.12e-2)

WFG51019°

5.8331e+0 4.1711e+0 4. 6247¢+0 4.4540e+0 4.8186e+0 4.1078e+0 6.6405¢+0 4.1626e+0 4.1468e+0 4. 0390e+0
(3.35e-1) - (3.29¢-2) - (4.24e-2) - (1.80e-2)- (6.82e-2)- (2.72e-2)- (2.33e-1)- (3.47e-2)- (3.77e-2)-

(9. 64e-2)

7.2043e+0 5.7562e+0 5.8968e+0 6.6713e+0 6.4818e+0 6.1046e+0 8.8798e+0 5.6621e+0 5.6839¢+0 6.0756e+0
(3.07¢-1) - (4.82e-2) +(4.77¢-2) + (6.29¢-2) - (1.41e-1)- (7.40e-2)- (3.87e-1)- (3.71e=2)+ (4.23e-2)+ (2.12e-1)

1.5453e+0 1.2727¢+0 1.4426e+0 1.2286e+0 1.2615e+0 1.2618e+0 1.6789%+0 1.2991e+0 1.1632e+0 1.9034e-+0
(2.42e-1) + (1. 81e-2) +(3. 78e-2) + (1. 82e-4) + (1.35¢-2) + (1.54e-2)+ (4.19e-2) + (2.92e-2) + (7.25e-3)+ (5.77¢e-2)
5.1451e+0 4.2832e+0 4. 6455e+0 4.5913e+0 5.0432¢+0 4.1736e+0 6.9761e+0 4.4724e+0 4.1674e+0 4.1638e+0

WEFG61019

(5.95e-1) - (4.38e-2)- (4.51e-2)- (1.85e-2)- (8.36e-2)- (3.91e-2)- (4.12e-1)- (5.50e-2)- (3.38e-2)-

(9. 56e-2)

7.2827e+0 5.7884e+0 5.9110e+0 6.7237e+0 6.7269e+0 6.2359¢+0 9.3699e+0 5.9797e+0 5.7455e+0 6. 5069¢+0
(7.97e-1) - (3.84e-2) + (4.39e-2) + (4.28e-2) - (1.49e-1)- (7.40e-2)+ (4.38e-1)- (4.73e-2)+ (5.75e-2)+ (2. 14e-1)

1221

1.6666e+0 1.2545e+0 1.3584e+0 1.2277e+0 1.2738e+0 1.2499¢+0 1.6123e+0 1.2727e+0 1.1753e+0 1.9248e-+0

(1. 21e-1) + (2. 66e-2) + (4. 36e-2) + (2. 38e-3) + (1.65¢e-2) + (1.20e-2)+ (5.77e-2) + (2. 34e-2) + (1. 86e=2)+

(4.63e-2)

5.4595e+0 4.4249e+0 4.7346e+0 4.5030e+0 4.8152e+0 4.138%e+0 7.2877e+0 4.4060e+0 4.1948e+0 4.1344e+0
(2.79%-1)- (3.55e-2) - (6.64e-2)- (1.23e-1)- (1.1le-1)- (2.76e-2)= (3.84e-1)- (3.16e-2)- (4.71e-2)- (1.70e-1)
7.5425e+0 5.9527e+0 5.9888e¢+0 6.8314e+0 6.4706e+0 6.2346e+0 9.6727e+0 5.9430e+0 5.7800e+0 6.9673¢+0

WEG71019

1221

(3.88e-1) - (6.83e-2) + (6.49¢-2) + (2. 42e-1) + (1.38e-1)+ (6.95e-2)+ (5.70e-1) - (4.94e-2) + (4. 30e-2)+

(2.08e-1)

+/-/~ 3/18/0 8/13/0 8/13/0 5/16/0

6/15/0

6/13/2 3/18/0 8/13/0 8/13/0

(3)DQNMaOEA 7£ MaF JE i 32 (] 251 | i b
REBE o

g T AR B B DQNMaOEA SR i 35 £ 1) i
Z B Ar A Ak ] 8 A% 0 0 68 ) A% 4 52 56 7F MaF
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TriP.DRLOS-EMCMO F1 APSEA J\ A~ %} b 58 4
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FRRAR, LIGEER R, DQNMaOEA #£ MaF 1-
2 DL & MaF5-6 [n] @ I /) HV {8 % 3 &1L, 7
MaF1.MaF3-4 A & MaF7 [a] I % 1GD e s A5k
S T I A A L 22 B T B 0% AR 47l Ak 2L A 439
B PF ™ PF BT 3% 3% PF DL RGE IV 22458 25 40 4
HER 2 AFRCAb i) . i TR it PF B AR
A0 HCRR Ak B AS RN EE 22 B A f Ak e R R 4 v
FEAN TR B A5 0 3 & W siem: 4 5 1, DQNMaOEA
5 AT B O, DAtk — 20 38 SRk i R PR e



1038 W RS IRESRALE ST 5 S SR EEE R R 22 H ARt AL 5k 2395

MOEATRDON om WFG2 CMOCSO on WFG2 IFKCA on WG MOEA-NZD on WFG2 NRV-MOEA on WFG2 Tnl*on WFG2

1 2 2 ¥ 2 2 3 2
Dimension No Dimweesion No on Mo hmensson No

DRLOS-EMCMO on WHGT DOINMatEA on WHG2

True Pareto Fromt

1o 15 20 25 310 l! 40 45 50
(1) Sobi-WFG2 e

MOEA-NZD en WFG2 NRV-MOEA on WIG2 Trif om WG

MOEATD-DON on WG 30 CMOCSO on WIG2 DECA on WFG2

[T p—

Dimension No

MaOEA-SRY o0 WFGZ DRLOS-EMCMO o0 WFG2 AFSEA on WFG2 DQNMaOEA o0 WFG2 ;
i 0] ! ‘True Pareto Front

Dinsemsion No sion b to 1S

(2) 100bi-WFG2

MOEAD-DON o WFG2 CMOCSO on WFG2 DECA on WFG2 MOEA-NZD on WFG2 NEV-MOEA on WFG2 TriP om WFG2

15 30 35 40 45 50
Ihmensson No-

0

Thmensson No

DRLOS-EMCMO on WEFGZ

True Parcto Front

Dimsemsion No

(3) 120b1-WFG2 Dimension No

F11 5.10H1 12 Hir WEG2 (5L 4 R & &

Dimwesion No

*R 13 EMaF 27X ET EHMHVESRITER
\ MOEA-D/ MOEA- NRV- ) DRLOS-
[ M D CMOCSO DKCA TnP APSEA  DQNMaOEA
DQN NZD MOEA EMCMO

5.1042e-3  5.5069e-3  5.5087e-3  6.0362e-3 6.9881le-3  5.5565e-3  3.3093e-3  6.9629e-3  7.6944e-3

oo (3.46e-4) - (5.78e-4) - (4.53e-4)- (6.70e-4)- (1.09e-4)- (9.56e-4)- (5.44e-4)- (2.77e-4)-  (1.09e—4)
NPT 4.7358e-8 1.0923e-7  9.6261e-8 5.2762e-7 5.8721e-7 1.1404e-7 2.4884e-8 7.7097e-8  7.2914e-7
(3.57e-8) -  (2.28e-7)- (2.97e-7)- (9.07e-8)- (1.17e-7)- (2.81e-7)- (1.1le-7)- (2.44e-7)-  (3.18e-7)

12 21 2.0149e-10  0.0000e+0 0.0000e+0 4.3381e-9 3.0008e-9 1.0686e-10 0.0000e+0 0.0000e+0 4. 6015e=9
(1.16e-10)-  (0.00e-+0) - (0.00e+0) - (1.02e-9) - (6.52e-9) - (1.95e-10)- (0.00e~+0) - (0.00e+0) - (6. 10e-9)

MaFZ 5 14 1. 1999e-1 1.2657e-1  1.4434e-1 1.5528e-1 1.8396e-1 1.478%-1 1.3078e-1 1.4203e-1  1.8822e-1

(1.20e-2) - (7.46e-3)- (4.22e-3)- (3.51e-3)- (2.20e-3)- (5.61e-3)- (4.49¢e-3)- (3.85¢-3)-  (4.04e-3)




2396 12 I S/ A R 20254F
# 13 fEMaF 250K A L B HV EEETTHA5R (2230
MOEA-D/ MOEA- NRV- . DRLOS-
@ M D CMOCSO DKCA . TriP i APSEA  DQNMaOEA
DQN NZD MOEA EMCMO
0 19 1. 3224e-1 1.7457e-1  1.9703e-1  2.1014e-1 1.9209e-1 1.8995e-1 1.7460e-1 1.7640e-1 2. 4666e—1
(2. 84e-3) (3.74e-3) - (3.72¢-3)- (5.88e-3)- (3.82¢-3)- (4.57¢-3)- (4.79e-3)- (4.54e-3)- (1. 02e-3)
12 21 9.3207e-2 1.0049¢e-1  1.0758e-1  1.3456e-1 1.5648e-1 1.5256e-1 1.2547e-1 1.3236e-1  2.2033e-1
(1.03e-2)-  (5.18e-3)- (6.43e-3)- (1.0le-2)- (6.93e-3)- (5.07e-3)- (4.98e-3)- (5.81e-3)-  (2.19e-3)
5 1 5.9888e-1  0.0000e+0 0.0000e+0 6.4514e-1 0.0000e+0 2.9067e-1 0.0000e+0 3.8152e-1  9.2856e—1
(5.02e-1) - (0.00e+0) - (0.00e+0)- (4.57e-1)- (0.00e+0)- (4.24e-1)- (0.00e+0)- (4.56e-1)-  (1.03e-2)
. 9.9976e-1  0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 5.9011e-2 0.0000e+0 0.0000e+0 9.9480e-1
Maks 1019 (6. 06e—4) + (0.00e+0) - (0.00e+0) - (0.00e+0) - (0.00e+0) - (1.87e-1) - (0.00e+0) - (0.00e+0)-  (1.79e-3)
12 21 8.763%¢-1  0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 9.9125¢e-1
(2.93e-1) - (0.00e-+0) - (0. 00e+40) - (0. 00e+0) - (0. 00e+0) - (0. 00e+0) - (0. 00e+4-0) - (0. 00e+0) - (5. 48e-3)
5 1 6.3016e-3 1.8300e-2  2.4553e-3  5.7248e-3  9.1024e-2 2.2024e-2 1.5054e-3 1.1991e-2  2.5903e-2
(6.80e-3) - (2.34e-2)- (8.92e-3)- (1.26e-2)- (2.46e-2)+ (2.21e-2)- (3.29e-3)- (1.30e-2)- (2.98e-2)
MaF4 10 19 9.7637¢-8  0.0000e+0 0.0000e+0 0.0000e+0 7.8984e-7 1.9068e—6 0.0000e+0 5.7749¢-9 2.9221e-7
(1.45¢e-7) - (0.00e+0) - (0. 00e+0) - (0.00e+0) - (2. 30e-6) + (2. 84e=6) + (0.00e+0) - (2. 54e-8)- (3.53e-7)
12 21 7.8570e-11  0.0000e+0 0.0000e+0 5.3862e-8 2.0322e-7 1.8883e-9 0.0000e+0 3.4315e-10  1.0089¢-9
(1.13e-10)-  (0.00e-+0) - (0. 00e+0) - (1. 94e-7) + (9.09e-7) + (7.58¢-9) + (0.00e+0) - (1.44e-9) - (1. 06e-9)
6.6107e-1 5.8203e-1  6.6743e-1  7.7464e-1 7.8703e-1 5.4405e-1 4.8266e-1 7.0842¢e-1 5.5261e-1
oM (5.32e-2) + (5.28¢e-2) + (1.32e-2)+ (5.36e-4) + (1.43e-3)+ (1.54e-1)- (4.30e-2)- (1.54e-2) + (4.02e-2)
8.8691e-1 1.9801e-3  3.5400e-3  9.5688e-1 6.0119e-1 4.5001e-3  8.4607¢-3 0.0000e+0 9.7283e-1
Mals 1019 (2.76e-3)-  (4.27e-3)- (9.55e-3) - (2.59%e-2)- (3.12e-2)- (9.5%-3)- (1.41e-2)- (0.00e+0)-  (1.02e-3)
12 21 8.1263e-1 5.5813e-3  1.5608e-4 9.7180e-1 5.615le-1  2.0440e-3  8.0469¢-3 0.0000e+0 9. 8517e-1
(1.94e-2) - (9.64e-3)- (6.98¢e-4)- (6.96e-4)- (4.41e-2)- (5.73e-3)- (1.19e-2)- (0.00e+0)- (1.14e-3)
_— 1. 1415e-1 7.9333e-2  1.2926e-1 1.2294e-1 1.288le-1 1.2170e-1 1.2886e-1 1.2900e-1 8.4107e-2
(5.00e-4) +  (6.02e-2) - (3.49e—4)+ (2.45e-3) + (6.07e-4) + (8.03¢e-3) + (4. 10e-4) + (2.91e-4) +  (1.47e-2)
MaF6 10 19 9.6607e-2  4.6746e-14 0.0000e+0 0.0000e+0 0.0000e+0 1.0034e-1 0.0000e+0 0.0000e+0  1.0065e-1
(3.38e-4) - (2.09e-13)- (0.00e+0) - (0. 00e+0) - (0.00e+0) - (3. 80e-4) = (0. 00e+0) - (0.00e+0)-  (3.01e-4)
12 21 9.4782e-2  0.0000e+0 0.0000e+0 0.0000e+0 0.0000e+0 9.7281e-2 0.0000e+0 0.0000e+0 9.7441e-2
(2.31e-4) - (0.00e-+0) - (0.00e+0) - (0. 00e+0) - (0.00e+0) - (3. 36e-4) = (0. 00e+0) - (0.00e+0) - (3. 71e~-4)
1.4602e-1 1.9112e-1  1.9426e-1 2.3723e-1 2.5855e-1 1.2154e-1 1.9542¢-1 2.1033e-1 8. 383%e-2
oo (3.23e-2) - (8.57¢-3) + (7.09e-3) (4.10e-3) + (4.61e-3)+ (7.67¢-2) + (1.05e-2) + (9.91e-3) +  (8.5%-2)
1.4645e-1 9.3096e-4  9.8768e-2 1.9446e-1 1.3358e-1 3.4242e-3 7.5653e-7 4.6075e-5 9.0136e-3
Mal7 1029 (6.47¢-3) +  (2.40e-3) - (2.38e-3) + (3.47e=3) + (8.0le-3) + (1.09e-2)- (2.80e-6)- (1.12¢-4)- (2. 84e-3)
12 31 5.3841e-6 3.8039¢-6  9.2784e-2 1.6836e-1 7.9694e-2 8.0359%¢-5 6.2609e-8 0.0000e+0  8.2816e-4
(7.87e-6)-  (1.69e-5) - (1.03e-3) + (3.58e-3) + (1.1le-2) + (2.60e-4)- (2.80e-7)- (0.00e+0)-  (1.70e-3)
+/-/~ 4/17/0 2/19/0 4/17/0 6/15/0 8/13/0 4/15/2 2/19/0 3/18/0
F14 FEMaF R2INK A EH IGD ES TR
MOEA-D/ _ DRLOS-EM- DQN-
[ M D CMOCSO DKCA  MOEA-NZD NRV-MOEA TrP APSEA
DQN CMO MaOEA
. 2.2898e-1  1.6457e-1 1.8158e-1  2.0003e-1 1. 5446e-1 1. 6885e-1 1.9944e-1  1.4324e-1 1.4883e-1
0 (1.62e-3)-  (5.85e-3)- (6.68e-3)- (9.87e-3)- (1.67e-3)- (8.57e-3)- (7.93e-3)- (1.75e-3)+ (7.64e-3)
MaF1 10 19 4.5956e-1 2.8503e-1 2.8647e-1  2.6383e-1  2.2692e-1 2.8452e-1 3.3137e-1  2.8087e-1  1.9167e-1
(3.07e-2)-  (6.94e-3)- (6.58e-3)- (9.37e-3)- (9.83e-3)-  (3.65e-3)- (7.76e-3)- (5.26e-3)- (4.16e-3)
12 21 5.1003e-1 3.6623e-1 3.1434e-1  2.8541e-1 2.6177e-1 3.6651e-1 3.9457e-1  3.2927e-1  2.4083e-1
(3.56e-2) -  (1.58e-2)-  (6.92e-3)- (1.30e-2)-  (3.70e-2)- (2.0le-2) - (1.50e-2)-  (6.47¢-3)-  (7.13e-3)
MaF2 5 14 1.8457e-1 1. 3235e-1 1.4890e-1  1.4217e-1 1.2137e-1 1. 2645e-1 1.3481e-1  1.2978e-1 9. 4635e-2
(9.86e-3)- (4.17e-3)- (5.34e-3)- (4.47e-3)- (2.31e-3)- (3.63e-3)- (2.99e-3)- (2.50e-3)- (1.85e-2)
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14 £ MaF RZFNMRE A IGDE et as R (23
MOEA-D/ . DRILOS-EM- DQN-
@ M D ) CMOCSO DKCA MOEA-NZD NRV-MOEA TriP i APSEA i
DQN CMO MaOEA
10 19 2.9221e-1 1. 6816e-1 1.618%-1  2.1228e-1  1.5538e-1 1.6213e-1 1.6786e-1  1.6627e-1  2.7331le-1
(5.31e-3)- (2.27e-3) + (2.15e-3) + (1.91e-2)+ (5.62e-3)+ (3.41le-3) + (2.24e-3)+ (3.35e-3)+ (1.66e-2)
12 21 3.466%-1 2.3133e-1 2.1000e-1 2.3238e-1  1.6175e-1 1.9442e-1 2.0124e-1  1.9396e-1 3. 2445e-1
(2.96e-2)- (8.39%-3) + (1.17e-2)+ (2.25e-2) + (4.92e-3)+ (5.82e-3) + (4.06e-3)+ (7.51le-3) + (2.06e-2)
9.327%+2 4.1123e+7 1.0448e+4 7.9775e-1 7.4596e+1 3.770le+4 3.1052e+5 2.9195e+1 1.8287e-1
oo (1.85e+3)- (9.53e+7)- (6.25e+3)- (1.48e+0)- (1.11e+2)- (1.15e+5)- (5.31e+5)- (6.90e+1)- (1.61e-2)
1.2638e-1 1.8205e+11 8.4069e+4 1.1684e+6 2.5835e+10 4.1818e+6 5.9162e+11 1.8883e+12 1.1243e-1
Maks 1019 (1.83e-2)- (7.60e+10)- (7.10e-+4)- (6.33e+6)- (1.59e+10)- (1.3le+7)- (1.62e+11)-(3.43e+11)- (7.03e-3)
12 21 2.9732e-1  3.9015e+11 2.5473e+7 8.0474e+5 2.3884e+10 3.2408e+7 1.0570e+12 2.3340e+12 1.2145e-1
(5.22e-1) - (1.49e+11)- (1.38e+8)- (4.37e+6)- (1.46e+10)- (1.31le+8)- (2.92e+11)-(4.59%e+11)- (9.86e-3)
5 14 3.0385e+2 1.0683e+3 5.6098e+1 2.5494e+1 2.8355e+1 9.7648e+1 3.6497¢+1 2.198%+1 9.0721e+0
(4.18e+2)- (1.13e+3)- (3.18e+1)- (2.40e+1)- (9.0le-1)- (1.40e+2)- (4.18e+1)- (3.47e+1)- (1.74e+0)
MaF4 10 19 1.7412¢+2 5.4244e+3 5.2292e+3 3.3115e+3 3.696le+2 7.5838e+1 1.9403e+4 6.6316e+2 2.7611le+2
(1.20e+1) 4 (5.42e+3)- (2.67e+3)- (1.77e+3)- (4.03e+2)- (2.49e+1)+ (8.30e+3)- (4.64e+2)- (3.47e+1)
12 21 1.6009¢e+3 1.7030e+5 2.6163e+4 3.4662e+3 3.6742e+3 2.9194e+3 9.1652e+4 2.0833e+3 1.3062e+3
(1.63e+3)- (5.28¢+4)- (1.38e+4)- (3.0let+3)- (3.8le+3)- (3.1le+3)- (4.34e+4)- (1.66e+3)- (2.62e+2)
4.3700e+0 2.7305e+0 2.4123e+0 2.3704e+0 2.4335e+0 2.9842¢+0 3.0690e+0 2.2967e+0 5.035le+0
’ (1.02e+0) 4+ (1.31e-1) + (8.48e-2) + (7.92e-3) + (5.74e-2)+ (4.91e-1) + (2.22e-1) + (2.56e-1)+ (3.88e-1)
1.2770e+2 1.6302e+2 9.8657e+1 7.837le+1 5.8908e+1 1.6361le+2 1.5696e+2 1.7490e+2 2.5070e+2
Maks 1019 (5.43e+0) + (8. 84e+0) + (9. 29¢+0)+ (9. 34e+0) + (4. 09e+0)+ (1.58¢e+1) + (1.10e+1) + (1.27e+1)+ (5.32e-+1)
12 21 6.9705e+2 6.6895e+2 3.4007e+2 3.8307e+2 2.4113e+2 7.2300e+2 6.3509e+2 6.9384e+2 9.2308e+2
(6.10e+1) + (7.51e+1) + (3. 10e+1) + (2. 4de+1) + (1.57e+1)+ (6.93e+1) + (6.36e+1) + (8. 54e+1) + (1.85e+2)
_— 6.8429%-2  7.2968e-1 5.7885e-3  6.5711e-2  4.9354e-3 1.4158e-2 4.1206e-3  4.0877e-3  3.4419e-2
(3.94e-4) - (1.41e+0)- (3.32¢-4) + (2.73e-2)- (2.45e-4) + (1.04e-2) + (3.75e-5) + (3.73e=5)+ (1.16e-2)
MaF§ 10 19 9.1849e-2  2.1454e+1 3.5884e+0 3.1694e+0 4.4127e+0 2.2027e-3 1.8792e+1 2.6198e+1 8.5503e-3
(3.15e-5)- (3.02e+1)- (1.62e+0)- (1.27e+0)- (1.98¢+0)- (4.37e-4)+ (1.90e+1)- (3.29e+1)- (3.25e-3)
12 21 1.1857e-1  3.5998e+1 4.0483e+0 2.0197e+0 6.3465e+0 2.9514e-3 3.1637e+1 7.9628e+1 1.2053¢e-2
(4.19e-5)- (3.07e+1)- (1.96e+0)- (1.03e+0)- (2.62e+0)- (2.35e-4)+ (3.0de+1)- (4.17e+1)- (1.30e-3)
- 5.9152e-1 3. 3145e-1 3.7677e-1 3. 7720e-1 2.9074e-1 5.0145e-1 3. 3698e-1 3.0327e-1  5.9528e-1
v (6.65e-2) = (1.79e-2) + (1.06e-2) + (2.49e-2) + (7.68e=3)+ (1.68e-1)+ (1.05e-2) + (1.10e-2) + (2.57e-2)
MaF? 10 29 1.5802e+0 1.4199¢+0 1.2445¢+0 1.1343e+0 1.9574e+0 1.331le+0 1.5735e+0 1.8467¢+0 1.0823e+0
(8.77e-2)-  (7.12e-2)- (1.14e-2)- (5.12e-2)- (1.02e-2)-  (6.03e-2)- (4.0le-2)- (1.4le-1)- (2.40e-2)
1 2.1083e+0 1.8111e+0 1.3512e+0 1.4797e+0 1.4076e+0 1.7162e+0 1.8322e+0 2.2345e+0 1.2965e+0
(2.92e-1)-  (6.22e-2)-  (1.64e-2)- (1.00e-1)-  (1.53e-2)- (3.73e-2)-  (4.19e-2)- (1.72e-1)- (2.27e-2)
+/-/~ 4/16/1 6/15/0 7/14/0 6/15/0 7/14/0 9/12/0 7/14/0 8/13/0
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WAL X EE S, 45 R R DQNMaOEA 7E 3K f# SF1- 22 Ik, 7E SR % SF1-SF7 2B il B8 F 4 e 5%
SE7 i}, FIr s SR fi inf [a] 5 /0, SR M ol R A e — S DL K SR fiR il R GE B T AR U R OE
FEFERE Bl R T SR S B 1) RS A S R PR R DQNMaOEA 3R i 5 b [a] 51 1) fig

*® 17 FESF1-SF7 ELERAREF LM IGDESITER

M MOEA/D- CMOCSO  DKCA MaOEA- NRV-MOEA  TriP DRLOS- APSEA  DQNMaOEA
DQN PDE EMCMO
SF1 6 100 3.9068e+3  3.9365e+3 3.9724e+3 3.9349¢+3 3.9169e+3  3.9487¢+3  3.9940e+3 4.0021e+3  3.9003e+3
(5.06e+1) - (6.84e+1)- (5.88e+1)- (5.09¢+1) - (8.69%e+1)- (4.16e+1)- (5.09¢+1)- (7.2le+1)- (4.91e+1)
s2 6 150 6.1829¢+3 6.155le+3 6.1479¢+3 6.1219¢+3 6.1320e+3  6.2205e+3 6.1999e+3 6.1839%+3 6. 0950e+3
(1.83¢+1) - (4.23e+1)- (6.61le+1)- (7.42e+1) - (9.72e+1)- (8.70e+1)- (8.0le+1)- (1.06e+2)- (6. 66e+1)
S35 900 8.263%+3  8.1988e+3 8.2017¢+3 8.2535e+3 8.2425e+3 8.2380e+3 8.335le+3 8.3563e+3 8.2236e+3
(9.43e+1) - (1.22e+2)+ (9.24e+1)+ (4. 53e+1)- (8.4le+1)- (7.46e+1)- (9.23e+1)- (1.03e+2)- (1.19e+2)
sFe 6 250 1.0215e+4 1.0277e+4 1.0210e+4 1.0280e+4 1.026le+4 1.0277e+4 1.0406e+4 1.0404e+4 1.0196e+4
(1.09e+2) - (6. 74e+1)- (8.30e+1)- (5.09e+1)- (6.91e+1)- (3.39%e+1)- (4.83e+1)- (5.42e+1)- (8. 14e+1)
a5 6 200 7.8741e+3 7.8470e+3 7.8363e+3 7.8580e+3 7.8250e+3 7.8104e+3 7.8730e+3 7.8949e+3 7.8102¢+3
(7.60e+1) - (6.6le+1)- (5.8%+1)- (7.63e+1)- (5.36e+1)- (8.8le+1)= (6.93e+1)- (9.73e+1)- (7.22e+1)
SF6 6 200 8.4307e+3 8.4295¢+3 8.4335¢+3 8.4196e+3 8.3864e+3 8.4035e+3 8.4977e+3 8.5339e+3  8.3846e+3
(5.95e+1) - (4.74e+1)- (5.50e+1)- (4.35e+1)-(6.56e+1) = (7.68e+1)- (7.0le+1)- (6.08e+1)- (7.99e+1)
ST 6 200 8.3285e+3 8.3759¢+3 8.3443e+3 8.3627¢+3 8.3386e+3 8.3711le+3 8.4469e+3 8.4353¢+3  8.2996e+3
(8.54e+1)- (5.11et+1)- (4.40e+1)- (5.89e+1)- (7.59%e+1)- (5.09e+1)- (9.10e+1)- (7.10e+1)- (8.23e+1)
+/-/~ 0/7/0 1/6/0 1/6/0 0/7/0 0/6/1 0/6/1 0/7/0 0/7/0
7.000 00E+03
6.000 00E+03
5.000 00E+03
- MOEA/D-DQN
g 4.000 00E+03 : E";giso
E % MaOEA-PDE
5 == NRV-MOEA

3.000 00E+03

2.000 00E+03

1.000 O0E+03

0.00000E+00
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% Trip
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A E 15 Frs . o T E R Wi T L3 MOEA. TriP. DRLOS-EMCMO. APSEA LI K&
A HARRE LA R AR ME  DQNMaOEA JuL A~ 5 3k 8 R 15 8] 19 4 5 1% 12
LA RRI L LA SF2 [a] R 491, nf AL T MOEA/ BRI &, DL B X b T 4% 5309k oR i 45 51 i e ¢ B
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Background

Many-objective  optimization problems are extremely
challenging due to the characteristics of high-dimensional decision
space and complex computational cost. As one of the solution
methods, the Multi-population Cooperative Co-evolutionary
Algorithms (MPCCAs) selects sub-populations through relevant
strategies and guides the co-evolution of sub-populations, which
performs well in solving various multi-objective optimization
problems. However, the existing MPCCAs still suffer from
the limitations of high computational cost and low search efficiency,
etc. Therefore, researchers are actively investigating improvements
to algorithm structures, strategies, search patterns, and other
aspects to enhance their optimization performance. In recent
years, reinforcement learning (RI.) has been introduced into the
framework of evolutionary algorithms due to its superior decision-
making ability, which has become a key technology to improve
the performance of algorithms.

This paper proposes a Deep Reinforcement Learning
guided Multi-population Cooperative Co-evolutionary Many-
objective Optimization Algorithm based on Deep Q-
Network, namely DQNMaOEA, for solving complex multi/
many-objective optimization problems. In order to effectively
guide the search in a large-scale decision space and improve the
algorithm’ s generalization ability, we propose an adaptive sub-

population selection method based on the Deep Q-Network
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(DQN) model, which interacts with the environment to select
sub-populations with better performance. To further enhance the
diversity of solutions, another sub-population is selected based on
utility values to form the mating pool together, which can
generate offspring solutions with both better diversity and
convergence, and improve the adaptability of algorithm to solve
different problem instances. Additionally, in order to improve the
search efficiency of the algorithm, we propose an adaptive sub-
population computational resource allocation strategy which
dynamically allocates the fitness evaluation times of sub-
population based on their utility value contributing to the entire
population optimization process. Experimental results on a set of
benchmark problems and a set of real-world many-objective
vehicle routing problem of logistics from SF Technology Ltd.
show that DQNMaOEA outperforms some state-of-the-art
algorithms. In summary, the proposed DQNMaOEA algorithm
provides a highly competitive solution for addressing many-
objective optimization problems and real-world application
challenges.

This work is supported by the Hunan Provincial
Natural Science Foundation General Project “Research on
Efficient Learning-Based lLarge-Scale Many-Objective
Evolutionary Algorithms and Their Applications” (Grant
No. 2024]1J5095).



