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Abstract

Abstract

With the rapid development of the economy and urbanization, logistics activities
dramatically increased in people's daily life and production processes. The need for efficient
and reasonable logistics delivery solutions was becoming increasingly urgent, while
environmental problems caused by logistics activities also received more attention from
scholars, especially with the country's promotion of a green economy. Vehicle routing
optimization problem was fundamental to logistics activities, aiming to minimize transportation
costs by planning the most efficient and reasonable vehicle driving routes. Its related theory and
algorithms have invaluable value for real-life applications. However, in the process of logistics
distribution, traffic congestion often occurs. How to meet customer needs in a complex situation,
minimize transportation costs and reduce environmental pollution has become a subject of
widespread concern and practical significance.

The main research contents and innovative points of this paper include:

(1) Constructing a Time Dependent Green Vehicle Route Problem with Time Window
(TDGVRPTW) model in a time-dependent environment. Existing models for vehicle routing
optimization problems with time window constraints considered few realistic conditions and
often only focused on time window constraints. Moreover, existing models considered single
optimization objectives that could not reflect the requirements of practical distribution
processes for path planning well. To address these issues, this paper proposed a TDGVRPTW
model that considers three objectives simultaneously, including total transportation costs, total
travel time, and the number of vehicles. The model also considered constraints such as capacity,
time windows, road congestion, and cost factors such as carbon emissions, making it more
consistent with actual situations than previous models.

(2) An improved multi-objective differential evolution algorithm was proposed to solve
the TDGVRPTW problem. As the number of optimization objectives for vehicle routing
optimization problems increases, it becomes increasingly challenging to obtain high-quality
solutions through algorithms. To obtain better solution sets, this paper proposed an improved
differential evolution algorithm to solve the TDGVRPTW. The improvements mainly focused
on initialization, mutation operators, and selection strategies. In the initialization stage, reverse
Tent chaotic initialization was proposed to generate more uniformly distributed initial
populations and expand the search scope of the algorithm. During the evolutionary process, a
hybrid mutation strategy and repair operator were designed. The hybrid mutation strategy
integrated two popular differential evolution operators, while the repair operator repaired out-
of-range individuals to prevent offspring populations from clustering on the boundary of the
solution space. In the selection stage, an adaptive selection strategy was designed to retain
potential solutions. This strategy balanced population diversity and convergence well. The
effectiveness of the proposed improvement algorithm was verified through theoretical analysis
and comparative experiments on the Solomon benchmark dataset and real MOVRPTW
instances.

(3) A dynamic constraint multi-objective optimization algorithm based on the cooperative



Abstract

co-evolution framework was proposed to solve the TDGVRPTW. VRP problems have complex
constraints, and existing VRP algorithms often impose strict restrictions based on constraints to
meet problem requirements, failing to fully utilize the role of constraint information in solving
problems. Therefore, based on the idea of simple tasks assisting complex task solving in multi-
task optimization, a collaborative constraint multi-objective evolutionary algorithm was
designed to solve the TDGVRPTW. The algorithm treated the complete TDGVRPTW as a
complex task and introduced a shift crowding distance calculation that simultaneously
considered the distribution and convergence information of individuals in the selection process,
which balanced the convergence and diversity of the population well. Meanwhile, a dynamic
constraint selection strategy was designed to implement simple tasks, considering the impact
of partial constraint conditions on the population. The two populations exchanged information
through offspring populations. Comparative experiments were conducted on constraint multi-
objective test function sets, Solomon benchmark datasets, and real MOVRPTW instances, and
the experimental results showed that the constraint multi-objective optimization algorithm
based on the cooperative co-evolution framework had good comprehensive performance.
Keywords: Vehicle Routing Optimization; Carbon Emission; Time Window; Multi-

objective Optimization; Coevolution; Differential Evolution
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B . HARSBNE T EWBE NSRS SRR, RENH
T4 HT B R AR 1) RV TR 2 A DGR R SR ORI AL IR, X — S [ P Ah 23 H R Y
FORfRERAT B4, BT A ST R T A A RN AR 2 e 2 A

BE MOCHIREEAL . H RN AR U HBIMAH AR, RENH T 2 BE
AL TR BRI A OC € o B Ja W 22 o3 it ARV AT NSGATLEAT fif ZE AL IA

=TI TR AR I AR S L AR AT R A IR U R . E 5% TDGVRPTW
AT E BRI, FFR25 7 AH LR I TR R 2 DL R B HE ISR T H L, ARG 45 T AR Y R
HIRF 5 R DL TR 2 IR MR R, e EEN 4 7 TDGVRPTW KI5 AL,

VT T ol 2 BRI A AR A . AT T SR MU I a1 LR TR A
A MG HEAT T, ARG X IR D REARAE AL AT T IR, B SR SRR S AR B DL R
BedEAT 7 04T, B J57E Solomon J:ifE VRPTW a4 LA K B 52 VRPTW 244 b iE47 405 B
SEEG,  BOAIE T AT AT 0 B SR AR HE BT (AT AR

FhE ETAED RS MEIEN RS . AT S0 Ek ik A 34T
R, RG4S T IANELE L R BARSVEH IR, B o SRR ST 2 B R MR AT AT, B
Ji 3 T AR B Y B SREAE AR R SR AR P AR 3

BT GwHRE, DR EBENTFRNE, 50 it TAEFERS S S5 2,
X 2R AR RN AR A 5077 1) S AT R B .
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FIE HXEIREM
2.1 Tt A R AR

2.1.1 If[E) 2R

XIS T B R PR AR B 1 7 #2523 IR 55 FR et ) T PR, SRSk ] B e
IREERRME], Ko AT AR, XA G SERR A ECI L 55 3 5

SEERIE LAY, I TA) B A R AL HE = AT, RIS 1A B B ) A AN A I 1R e
FEAWEFCH,  ERNIREE I [ LA 2 m A B OviE . 2L PR Bcid i fE
AR PR f, R BIEI 2 R A2 T BE S LRI T 20, o AR5 3
LB R IS RIS 0 AR SEORTE B TR, b & AR 2R ) B 25 LA i Dl o S BRI
TR [E) A EIR , A5 W] R 223 Ffm 2R 2 P I8 T I 1] 257t ) [B] B VT, T A SRR 22 1) i)
()RR ST A, RIS TR) B A0 . PRI, 0t 18] 0 S 0E T sk Belic it s, BT R e
B2, AL AR SO FU A R DA IS TRIVE AT 7T o

G A R ol H i Ak 5 % P SR A E 5 AR DR OUTT (AR 2 A A A 55 I
o AR I ) A £1] g A 8] (R e S 2838 1R 0 BUAR Mk R BRI, A 2-1 B
B KIET A m, 2 7 BRI BB IE I TRl BON[b,e], IZIX B IEE ST Ay 0 %%
JUR RS LRI 6] BN a,d], 12 X 8] IS 1) 2 511 A S5 I [R] SR 2R &

I
I
|
|
|
|
I
I
I
|
|
|
|
I
1
a

b C d
Fict 1 8]

Bl 2-1 730 2 FH 2 pR 5

MRAE ] 2-1 AT, AR RIS 18] AT a 2 ATEL d 2 JEakak,  JUDRE = A oK ) 45 1
PO my AAER A Be[a,b] M e, d]NIEIE, W74 — g MR TR R 50 9% F 5 i £E I TR B
[b,c]NIEIE, ASSAT AT RG] B A

2.1.2 [N A b £

AT W FURT I SR B BEAT 73 AT IS, 2 A P A ) 4 A0 R 800 HLdE AT Hd 5 L R
() R BB A5 T =
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(1)ZF- A7 FEAT [a] P B[] 44 6% o 2

Malandraki &5 A\PSLEEZE484T B [A)3th GO ER BR AL, BRI IR 55t [8]35) 3
ZAN T B . — HZEMRAESE N A B A, TR ik o] DAME — B o R34 T BT ] 03X AN
LT R, B TN HFIFO)E I . i A48 b8 2 an B 2-2 B

3 0
<
E2r
E
Sl
.
1~ °
| | |
1 2 3
e 25 sf ] B

Bl 2-2 AT RN [ PRI ] 4950 o5 £
(22 47 T PR N 1) 4 8 bR
Ichoua %5 NPWf Y 73 Be R Bt iRk 2, K6 2 FIFO JEUU, 25 2Z [l AT R [A]
I AT VRS I AR R B B 2-3 P, R IR S I TR1 R 23 A [ BRI ) B

3+ 3L
<
c =
% 2 e—oO ﬁ 2+
= ly
]l —o ° 1
l l I I I l
2 1 2 3
Jik 55 if 1) B JIR 550 8] B

B 2-3 T4 AL B 0 I ) 44 5t B
2.1.3 BrHEmOEE
Z DR R REIR, BACiBisky. Fmt TS Sk B iE = AR HERE A W38,
Hrh Rz b 5 E A RIA T RRERN, mE2FE B ARRE S e
PSRN A, BRHE S MFE R IELLOC R, R b E MR X AN 8 R IR HEBGEAT 79
Mraddss, SO THERFESEPRFE T A, At HA AR U R Fos:



B MR AL

(1) IR e A T AR Y
ZMR ) Bowyer S N xidE iz fy /7 AU th, I BRARYE R . 225] LA
S M AEASAAT B AR P S AL TRl e . HH A Q- R

)= 1 + 1,P(t)V+ (u;ma’v /1000), P(t) > 0 1)
a ,P(t) <0
P(t) = o, + o,v* + ma /1000 + gme /10000 (2-2)

H, o NERERE M FE R A 0, A g 23 WO B RE RV FEFNIA bR FE, o)
Mo, AR F1. a NI, mAHEE, o NEASHER, vAEE.
WA PR AT DAL, B RAT IR T , A4 ST E A R Q2-3) .
F(t) = jOT f (t)dt (2-3)
Q)Zr A HFE T AR
ZARAY Y Barth 258 A\IOUER X 8 R A3 Y, LUBRI Ve T AR 2 2 fe T R BT
RN R AIFEM o AEXRUE, THE M SISO A A Q-9 TR,

f :;{kNeV%+yﬁdv2+ya(m1+ml)d} (2-4)

Hp, pu=C¢lxn, y=1/1000¢w, a=gsind@+gC, cosd, B=05C,Ap, ¢ Nkl
TR, & WESRCR, n WERARE, o ARSPIEE, kK AEERT, V N
&, AN AR, m Fm AR EE R ES, C M C, 5l AR sI e 25,
gANEEFE, p ATAEE, 0NWE.

(3)“Bektas-Laporte” i #E 11 &A%

ZAR T Y Bektas 25 NM6I3g Y, HEARTHE A AR Q2-5)Fs:

FC; :I:hij (,U"‘Wij)"‘o'viﬂdij (2-5)

Horr, FCy vHE IR j e E, hy ASE. AKX E, o5
FHE, W NEEE, o AFRRMIXEE, v WITEEE, d ORI,

2.1.4 FREEE

ARSI In) @) DAY N TR) T ) ZE 5 A n) A 3, RIBE AR SC E EER A VRPTW A
KR . FEAFE Solomon FEHEEHE A ILL K& FSZ MOVRPTW L4162, FE4H A48 il
T

(D) Brid H B0 bR R R 429 Solomon JEMERIESE, 24 & =R AN [F] 43 A e Y
PIEFEEE, 798 R, C LK RC, RARERE SN AG, C RS SRR B E 1
X1k, RC NIRREES T EREMEEN oA BRI SRR, EEAARP
I TR) A % B . B R VEANREIR T & P kb BFIE)E O, ARSI R, FaRE. BlkA
LR R EMB UL Fipig K EE, R EPR RS EEE AL, BH2
B8] &P SR A 2 TR AR B AR b S IRR IREE B« 2% P 5 Bl ingk 2-1 Fis.



NEE PN e A7

* 2-1 B {5 B

BT Bk R Ak WRE O RRMRSEE RHERSSETE S5 E T
0 40 50 0 0 240 0
1 25 85 20 145 175 10
2 22 75 30 50 80 10
3 22 85 10 109 139 10
4 20 80 40 141 171 10
5 20 85 20 41 71 10
6 18 75 20 95 125 10
7 15 75 20 79 109 10
8 15 80 10 91 121 10
9 10 35 20 91 121 10
10 10 40 30 119 149 10

)T HIHE i A R B E L 7 — A% BAs VRPTW 3249 o i3 S i 10 5 (1 3T
SCHOR ST T %P S (B AT FEE B AR R o S S A i I TR AN [ R I ) A A
i CEPtwO . twl. tw2. tw3Fltwd ) DL =Fh s E 2RI d0o. d1fd2)MdHAmA
. FEiREERERIE AR C=d, +5/100(D—d, ) iT5, =R 4% E R 5 H 6 B
{6 9{60,20,5} i i+ E A3 3. Hr, d ., REE TR REHKME, DAFERF BT
R BCEUESE RN B SO AT A SCHR[63] T 3K

IX FLAN B 1) i i B 2R AR R

KA s R, RVEAS 8 /N (480 728D,

KA 2. FIB=Fhg P, BIRIIR P R PRI o 480 40 SN [H] 73R
SAMHSERES 7, RIRERRE S 1 160 0B . AR FORAE[0, 160) 24 R B N1
MRS, AR FELE160, 3200 Z-Eh R A B N1 2RSS A& PO AE[320, 480]
GBS [ (] B P 75 2 R 55 -

R 2-2 & )5 B
E-ORE AR v 2V 7 INAEFR woRE RFIRSIE BRSNS A
0 116.571614  39.792844 0 480 1440 0
1 116.242043 40.07263 207.6 540 720 10
2 116.403595  39.872945 58.63 810 840 10
3 116.186289  40.016361 36.45 780 900 10
4 116.508011 39.826296 25.95 540 600 10
5 116.130997  39.825921 19.8 660 810 10
6 116.292094  39.942186 26.53 690 780 10
7 116.439797  39.833047 60.97 540 660 10
8 116.508963 39.82386 10.75 780 900 10
9 116378689  39.795018 221.895 540 720 10
10 116.358365  39.922532 25 780 840 10

KA 3. FEANNR) B O K N> 30 0. DRIL, BRI P TR N[0, 130], HR

W& P I TR (175, 305], MEEAZ P BB (R B350, 480].

KA 4. RN B A BERE— D4 30 0 b o DALk, 401 P I 1] 1) B DA [0

ENaY



B MR AL

100], IR TE] (190, 2901, MR EAZ ) 1R 18] B N[380, 480].

KA 5. PR LU AR IR I A] B 1 E SO

WO A0S — RS RO TR 3 1, WA . tw2 RTtw 2 AL 2R A 2, 3 AT 4, twh
L5 A RTEIN [R] B 1, AR B SO AR AN I R B AR IR R A [

(3) A A HSEHHE T EH — K PO EENECIA O, ARSI 100 M5 R
AT VIR BLIE IR S . R 222 FIHE % P A RS E. FREEEE.

2.2 % HAREALAOCH I
2.2.1 Z Histi e X

2R %2 HRUAL I BAE V2 TR A AR &8 I, B an B8 2RI, Web IR %5- 4% &
PEOHFIE Y 1 FEOS145 0] @l . CMOPs(Constrained Multi-objective Optimization Problems)i#;
JZA HAHM R B H bR R B L AR, 2900 ] fg 2 0088 in) @i 2R X 38, TR AN AT

ATIX . RIESR A CMOP LR 2 B br o @ SE A A, 8%, CMOP 5& A0
min F(x) = (£,(),... f ()7, x€Q (2-6)

{gj(x)ﬁo, j=l ..... q
(2-7)

Forh xR PR RS R TR, F () 2R m AR S F AR R . 5 5
9,00 R, () - BURS jARS SRR A0, JRECRA BUE g AV p-g i XX
§ AR L0 OB 5

{max{o,gj(x)}, j=1..q
CV,(x)=

. . (2-8)
min {0,‘hj (x)‘}  j=q+1...p
SRS AE p(X) THE LR
P
#(x) = ZCV,- (x) (2-9)

X —MNRRA R E X, WA 9BEERA RS RAE N FN AT X T AN AAT
filt X, M X, [RIRRHE A (%) < £ (%), Vhe{l,...m} AR £ (x) < f,(x,),3g e{L,....m}, I
PR X SCHE X, o WA HARTTAT A & FHAZIN, XK Pareto SARME. Lo =dIA]
I FTE Pareto S AL I Y Pareto S RAE(PS). B #r=S (8] AT Pareto LR N1
H ¥ bR HUE A4 % Pareto Front (PF). Kfit CMOPs (1) H A 2453 2| —HILS R 4F Hor A R
TR AT, DL GFIE T PRIOT,
2.2.2 ZEi R ME

7257 i34k (Differential Evolution, DE)&LZECSIOMWE Jg—Ffigh B & Ge %, L HE i)
B ZEBEUD . BT, 5T SEl. DE SRR IR AR SRS L BAR I 3R A IR
HH R, A AR Rk T AR R0, ARALLIB A B (R 28 58 L AR S ISR BT BT



NEE PN e A7

5 AR T AR FE AL A28, DE BUE R B ARG U5 08 T ia 1k
AN R XFEREE. W 2-4 Fios.

| |

ILtee > AR5 > X > Pk RS
Kl 2-4 DE k1t f2
(HFFEERTER L
FEARZS (8] N BE ALY S AE B NP AN, AN MRy —A> D 4 & -
x;; =l;+rand(0,)*(u,-1,), i=12,..,NP (2-10)

Hodr,  x FoREE 0 AT AMERIEE j AR, DR AR AT 45 ok 323 8]
f/NA AR . B, RS IMRACRME SR RIS — M, T ZE AR 125>

=]

HHo
Q)ERHT
N T RIEZAENE, A2 b i ZE I RENURL T AN 5 2 8 SR AR R . A2 57 s
WHEALE S B

DE/rand/1: v, =X, +F(X,,—X,5)

DE/rand/2: v, =X, + F[(X,, —X.3) +(X,, — X,5)]

DE/best/1: V; = X, + F(X,, — X,3)

DE/best/2: V, = X + F[(X,, = X,3) +(X,4 — X,5)]

DE/current-to-best/1: Vv, = X, + F[(X,oq — %)+ (X,; — X;,)]
b, vioRZ SRR, rl. r2. r3. rdy r5ROAFRER R A EAMERIBENLEL X
N TR AP B . FONSEIA 7, T EE 22 0 R R, JEE BE N 0.5,

GV XH T

FINAZ W] USSR 2 AR . A28 tUGRANT, X RS A ik
AR [ AT 23, BARMI s A B NSO (&) $ M bR I AL
S [ B R A A XA

L= (2-11)

i,j?

{vaj, rand, ; <CR orj = j,q

X ., otherwise

Horp, c N XAEE, CRZEAZ XA, CREMEBR, KA XHIMERBOK.

(4L FE T

23 R AR 3 L PE R 8RB MBS £ B A R RS R 52 S T B A L 1) o 5%
Y R B e AR A

(2-12)

" X!, otherwise

{c:, fe!) < f(x)
X =

Z SR E TR WAL 2.1 PR



B MR AL

9% 2.1 DE BLiAR) T 2R

N MR N L EBOOER T MaxGen
it FREE P

1 t<«1;

FEERIUGRAL P ={X],..., X\ };

while t<MaxGen do

4 for i=1:N do;

W N

5 HRARAS 5 B R 5 X BT TR C,
6 % CU R X! AT R EREA R —{URRE P,
7 end
8 tet+1
9 end
10 return P,;
2.2.3 NSGAIF 1A

NSGAIL H Deb %5 NN TH 4 di i i 2 H ARG . BE 2.2 45 T NSGAI
() 3 ERAE
(PR LA
THEARR MK x; B3 SCEANn, FIBOZ ME L AMAEE S S, B R n, =0 1)
MEBINE — ZHES R, FERBOZE R R MEHAT N =n -1, 1% n =0
MR T —NEHES F, 1, — EHAT R E BRI MR 43 58 i
Bk 2.2 NSGATELVE ) - B fE
N MBI N L BRI MaxGen
e AP
1 t«1;
BEHLHIEAIL P, =X,y Xy 35
while t <MaxGen do
HRAE — e AR FE AP P i 5524 Parent
AR 22 A F A8 B A 74K OfFF
6 P« P UOff;
7 it P AT PR AR S e 5
8 MR RE S BRI R N AN T 4R Py
9 tt+1:
10 end
11 return P,;

QMG EHE

2
3
4
5

e )
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NSGAILN T RIUEMEEAMKR AT LT, 5IN T BT HE R, (RIE T AR 2 A
o fER— A mAMEF, HMBEE AR R
NSNIZSIE
fj —fj

j=1

Horr, d MR x SRR, m oy EHAR AN, f [+ 2080 £ =1 20 n oAk x 722
A B A B BIRTE AN B AR E .

(3K TEIL R B

NSGAIIP) e £ S 7T DL IR N B Je R & SRR AR, R 5 iR PRod JE S Ak
P77 )2, ARG MRE R R K AZ 2 MR R — AR e, BRI — MR
AR/ N, R Z B AR SR P B S AT HE Y, AR — A, B
EIEERANAN
2.2.4 Z HERUACTEREVEAN TR R

Z HR AL BRI B AT 75 A R R bR BT T &, AT 08 FH B bR gt T 4,
A3 I 71154 BE 2 (Inverted Generational Distance, IGD)!!. i A (Hypervolume,HV)"2,

(1)IGD

IGD fatr SRR R 3R15 1) PF 5 H.5E PF 2 [AIRK AR B A F3ME .  1IGD B/, R
REVEVERE LT . IGD 15 WS Frs:

.d(g,0
IGD(O, P) =% (2-14)

Hrh, OF/RIKTE PF, P R/ARESLPF, d(q,0)FR;mM Q50 Z KK R 5.
(2)HV
HV 1855 FRIEAE SRS 8 PF 5 H S AT/, FERAREGUEAEAE H R
B A E . AEBCRYERERRET . HV TR A os:
HV(P,y) = volume L v(x, y) (2-15)

Horh P2 sRAEAF R PE, y RIKEEBHISHE A, v(x,y) RBIE— MRS y A RH AL
PRARR

2.3 AR/

AT B A AR R R R 22 A AR AL AR SRR B 8 . B el T R
AR i L B ISS T B 2R L O A RS BR B BRI SRR DA S A SR e A . AR A
BT 2 AR HE®, S 72 Bt e 3, IR 2 o B SRR
NSGANHEAT 1 R B HIMER, feJads th 1A SCRT (PO 38 b SR B AR 3028 2 DA
S 45 RIEAT T o



R AN [A) B 2RI AR SRt 2 H AR AR A ] RS TR g it

=T FHEEARNNTRESZ BRERBRREEELE

3.1 I IH] T LR RIS AR 4 5 20 H AR AR AR AL 1]

SR AR IR T 2 ) EES AT LA S5 O VRPTWSR AL IR, anAWk | g il AL A A0 5L 1 1
R i) 8 SR B A& —ANVRPTW A R . A3t 3a din sl HH A 357 30 A7 70 IR (4 1) A s 4%
B, KL KERARENRES. YRk Ea s kERLATTEk, 5IFEE,
BE 5 NATTX SR AR B 42 T R SV ORI 2, 20094 3. [l 7K 75 7£ 2020447 B4 GDP AR HE i
= [#1K40%%150%, BRHEFE 2012410 Bk HF B AR 55 - 2 E 720204 8 4 7¢ £ 2020
ORI AR, T2021 K1 £E 2025410 T R (KRG R R A BH R &, K5 [EH
AP BB AR EE 20204F R [419% . PRIy 7 IR E g B ARETIA R, b ZE
NS R A IE SORTE B, TE R AR 1) R A R R HE IR ) AT R R N 0

ZEAT B R v SR AR AR B T2 AR, ERAT RS54
B R DA R B AR . I HAE SRS, AT AT R RN B R AN S B EALAR H BR B
W ERLE AR LA R PR, X R MR RE R, AN ERmiis 38
A AR EFRAG . T UK IR 73 8 A2 1& T — Al A~ Hig, B2 A
HARIIED PR ARG i R 2R K% iE b . IR SR M AR T, 2 &k
T ST A A 38 S TR ZE SR A I ) B LR A S 22 H AR AR AR AR ) AR AR
(TDGVRPTW), HAmH S EITHELEA R Tl #0E DUK R B 555 [R5 .

3.2 0] @A

S ) 240 SR AR R I BT DA SLA T 0G =4V, A, FEV ={0,... N}
RTASES, T 0 NEEAG, AT A NG, ARIMEA. Bk HAE
75t Cap I VU Z 5145 T (0 2 DA KR 25 365 7 o 4982 80— A m, 9 SRBA— A
I T Ly, 1 RS T 7 11 205 2 A 40 2R e T S W L 6 1) e i O Bk A2 ¥
SEIRI ) md J5 B3P 1 O 58 RIS AE %, FLIE 5L T H SR I 2 R0k 2 1 4
A 200 5 B 5 B b, FRUARCIEAT S5 o RN § T — NIRRT ] s, s AT 2 51 i
% 1 R B TP IS 25 5 38— U S AL 2 I 1] b O O 1 2 9 (0,6, 1 TH A
ST 2 FREEE N d, , AFBON A R B R R AR AL LR R={, 0 r, )
395 SR LR L TR AT B R A SR AR A B B R

G AT B, 6 STBRHOYIRATIE D, R b T I T A 1 R L
BB BRSNS, A R B s IR . 7E TR B0 T L L
R TR T o A ST % R 1] 4 240 A N A D % B B, T DA
S 2 N L, AP T NERE T R A0, K525 T AT B 0 LR 25
S P IR T L TR O ) S L, 7 2 B T 6 ) 3 0 75
TR, Ho b AR ok P PRy R R A B L T AR, 6 2 B sk 2
TR, GEMCIIRIC S R, ST AR TR A ERR R A

10



NEE PN e A7

S Gy B 18] o 20 R 1) ZE 3 B A R ) A L, TDGVRPTW 390 7 % 4240 1 %
AR AN IIEE, EINRF AN BRHBCR TR S A E . HE
FATHEE B A %, TR AT ik 2 w110 80 A A AR 30 e ) A T P v A B2 T
1 L F 3802 () A [R) AT DA =547 DA [ B 85 BT 75 B4 2 R B AT B B 2 S R, I 6 AT I
I B3 il — RE IS . 7F TDGVRPTW i, B35 241K A /& FIFO (13 T4T FE R T 1
B TE) AR R BRI B, B HE R SR RN 25 R RS . i DL A 3K #E 1Y Bektas-Laporte JHFETTH
B AT I AT 5
3.3 MR
331 ARk

HTISE MR 248, HI T AT R AL, 75 B R 5 2008 00 224 % 1%
7] R ASE TR H AR R AR 1

ORE—ABLEF G, HAECH.

QYEANE T LAH RV —IK, FRATTIR

(B)& P Ay BBz VT M WIS TR) & 10 L, HUAE IR I [ ANAS K T e K Fe VR kIR s (1]
R I ) R B0 ) 7 A

@EF IR EEE TR RE

(B)EAHA A EIRG . TR KNIS AT FER H1

(6) (s FH ZE A CA BIR . ZE43Y R A R —Ffiz fay 42 2

(7)ZEAMAL ML O R o J A 2B (] a6 HH O

(8) - AMA T T 2 R AN FE ok B (1 RS i)

() ZEAPAT B R T TCAT 1L, AN SRR L1 4R AT S5 I [R) 16
332 fFEEX

BB AR R B SRR

V: TRES{,..,n}, OREEIEF L, .. N REF RS

A JIES

Xio: PORARE, WIRZEMK MRG0, WAL, HNA0

Cap: ZFHipIE=

WV . ZEAR )

Ci: HILEE B AT A

C BV FE IR I IR 4E 57 A A

C,: ZEARIE A

NV = Fo VR A BB R

m: B/ NERE

b )70 R AL A (A

& i IR I T A ]



Sofe —= I

S H

H A 8] T 240 R (I AR 2 €22 H AR ZE 59 A 1] AU AR g

M+ 2P 05K 9o VL B IR
S0 )01 (AL 8]

e ZEA AT 2

Ny s 2R § RS P R

Ty: A J 4T B A

CE: BeHEHE AN

FC. JhfEHE A

N R S

h(i, §) « ZE80 § AT TR 2 rp (1 2
iy s A I BIEER LRSS TN AU R

by ZR68 0 T2 2R
hay s ZEER I TEBRZR R AR AT T ISR
t

hG-L Dhi. ) ¢
delay, ;,: ZE40 J EER 2k 2
nag R T AEBRZE TR RIS
L. e B

Vi TEER AN [R] B R 54T O
Th: BTN R B TF AR I [A]

o FRAFER R R

3.3.3 17 I a] {5

weight

AN R ]

S (]
ZEAH JTERE LG R NES T - 1A SR 5
| AR E AR B T

REP=LARES s

AN T G AOAT Bk 8]

B30 ride(ty,,d)

iﬁj)\: Uu:lljiﬁj-“ﬂtbegin\ '/ngEEEE%—d

Bt t

1 B ORI R TR T B K, B2 g, el:-l-k’-l-k+1:| ;

2 d

3 while d

=(T i tbegin )Vk ’
<d do
/v,

t=0;:

tmp

tmp

4 t=t+d

tmp
5 d=d—¢m;

6 k=k+1;

7 d - Tk+1—Tk)Vk;
g8 end

9 t=t+d

tmp

/v,

tmp

10 return t;

ISR AT AR o, KGRI I (8] 70 B T L BL, BRI R B AT REAN A, 42

FEAT B R oA IR R P 2 I A B

Z VI § Z IR BT R TA) T A R K
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ride(tyeg,, d) WIHIE3. 17

3.3.4 TDGVRPTW F 7Y

FeT BRI TE S, DR RTINS TA) 57 20 R B 2R A I e, ST VR A B O

R A

AR LR ) = A H AR 23 3 9 SIS R A . Sz v 1) A0 44
TR 2385 A S R BORAS « I8 T SE SR RSEAS « 240 [ R BlAs DAL R AT Bl aeAs it

CMNEWAR

f,= ii(CE +cdelay, ;) + ¢ i i) +CM (3-1)
FICIE T RE T 2R ) A 3 e R4 1 2R R AT B (R A2 Ag i a], 524 208
f, :iTJ‘ (3-2)
SR IR ACIE AT 55 7 B 44O -
f,=|R|=M (3-3)
A EEENL AR ZEINDY R PR
min f ={f,, f,, f;} (3-4)

RS T R LR, IR B 20 0R L I [H) B A RS o 2SRRI BAR 2 LI T
PRAEREAN P /A PR S5

i_ X =LieV\{0} (3-5)
B i 2 58— IR BCIEATE 55 -
D Xop <LVkefl,...M} (3-6)
FEZE BN — AN 7790 5 5 A A0 R M IR A5 T B
injk—ijikzo,jeV,vke{l ..... M} 3-7)
M ECE LB, D250 [B] BT IR O
Zxojk =in0k,Vk efl,...M} (3-8)
B Y A RE L A
weight,, ;, <Cap,Vj e{l...M} (3-9)
FITAT ZE 00 A T3k r Lo T) 7 11 45 TR 3R [ RSt o -
(N, +1,j) <e,Vjefl..,M} (3-10)
FITA i £ rh ZE S AR I ) AN e i I f K SR VR AE AR IR [
delay,; ;, <md,Vie{l..,N;},Vje{l..,M} (3-11)

ZEAM IR 5 H R IR IN TRI AR OGIE DR A 2% S 2 (AT S I ] 0 75 ZEsh A T 58, B

AR T E A S R B EAT G, LR B DR B 2R AT B RIS T

N T T TSN 1 B AR E ER AL 4G RIS TR R O I -

10



R AN [A) B 2RI AR SRt 2 H AR AR A ] RS TR g it

h(0, j)=h(N; +1,j)=0 (3-12)
SERFITIE] W,y BT AR F
0, if &, ;) 20y —md
W, = D =Tha (3-13)
"ty {bh(i,j) — ;) Otherwise
BT 1A] by BT R
b, iy = By + Whei.jy + Sngiiy (3-14)
FIIA B A] ang ;) FITHE A
B,y = hha- iy + gy (3-15)
toiosiyng,jy FITT BEERAT P RE B9 . AT PR B DA R IR 22, &R .
tois png. iy = M€k iy Gnga jynci i) (3-16)
SEIR ) [H] delayh(i,j) IR AR
0, ifa,; ) <e)
del = ' ' -
Sl { o) — g Otherwise (3-17)
BESR 26 T 25 A T B (]
Nj
Ty =2 G ™o s + Sha.p)) (3-18)
i=0
HWER S EEB AR
weight,; ;, =weight, ; ; ; =My ) (3-19)
HE R B AW T
CE(v,9,d,1)=a*FC(v,g,d,l) (3-20)

3.4 ARF/hek

A B SN i N 1) T 4 AR 2 RS B R R R R A SR 0 TR AR ) AT A
VLI T P AR TR 5 0 B ) 27 I TR B 240 SR8 2R A A T i 1 DXl o R TR AR AR — 2
WM B A LA AT 5 B0 30, 25 FERRHE U R A« Boe/INT B ) LA K de 2D 2 5
HAE MR F AR, e 220 PR DLy I 18] B 20 PR V25 FE B e, o AT 8 1 e € 2 A
AR ) R A A AT
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SR B oot R RA R A AR AL

ENE ETiAE AU EENERBRMMNL

VRPTW 1E24 VRP HJAZH BEAE UL % Ah QU SEBR B, A 2 — A2 A ARk
AR, HH bR R BRE A B S s A E o Flan, T e it B 2 247 3k
FREE AR B bR, PUONIXOC RE AR AN . PRI i ) 75 25 g et [a] K A LB
B ESL B A E T AR AR AL T DL IR RN A . B MT
B 1] LA e Bt /N ZEAREN H AR ) TDGVRPTW #5612 H b TDGVRPTW 570 [ 5k
il e AT R 2R B[R] e i 22 H AR LA, H AR Boa RN 45 B2 R0 B gy >k 1IN
Mo AT RIFEIFHIAREE, A TS — A vIaal . 22 AR SR IE 1 2 H br % 70 2t
1L &% (Improved Initialization Mutation and Selection strategy based Differential evolution,
IMSDE)FH TR Z AR . AR B, HIAR A S Tent JRTH MRS A 7] 57 > A
GEA, WEUR T YIG PR 2 REE R A 1 o AR S SR v 4 T R AR S BT X 2 R I AT
SVERAT B4 B T4, JF BT 7 —AMEANE T S R IR AR AL S b, PR R 24
Pho N RIS AT — SR AR U RE S TR B, SR A EE R N R AR o
4.1 F Tt UR AN AR S 106 3 SRS 10 72 AL SR
4.1.1 RIAEMEAIIRHE

X TSR R L, FIAG MRS 5 70 A 7E D B A3 ) v ] DA e S0 R SR ARG Al
SICHE, WERFERE RIEHE, XA R &M RS 7 OREIERER . fe it —Fhkk
J Tent JETHE MG S i) 2 STV R EER IR 1 07 1%

Tent VR W5 B A A 3 an T
7 _{Zk/ﬁ 0<Z,<p
o la-zyra-p pezest

Tent VR HAT REFHI 70 AR EFIBENLYE . v 13— DI 2 R0, 3R
RIXIRAVE L SR EE R R IR EE . IRm R BERIURAIRER, 51 N )5 2] g
AL 5 RS BRI ARRIRE . Sl ST A R

Y, =l +u-rand(0,1)*Y, (4-2)
Forr, WRYESTHR[73] B HR 0.5, | AT u AR il RUFT 45 Hh PR R SR 2 ) FA) e ) i) 2 B oK [
Y, MRS AN MR I B SR A Tent VRHBR SN S 7] 57 > B % R B E IS SIoH FE A
RO, BB AR PRI A I A o

ARSI F R R AARE IR R 5, AN AN BENLEOF R F N A :(4-1)124T Tent
TRTEMLR,, WSS AR BT AR AR RS, R AR A A (@42 AR BUR AR, B
ZAFRNRN Y 2N TURRIRE, XS HIaa eI AT e .

Kl 4-1 gt 7 225d Tent VRN S 1a) 5 > J5 43 2RO 7 A A BEHLA) 46
WA IR A RE A B, AT LU H SO3E BTG4 75 A3 AR EALE Sk SR 1) 201 ) BE
B8], ¥ IR IR o 2= TP BRSO R/ N D 100, MAZRE4ERE D Y 2.

(4-1)
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1r 9 0© S & ¢] 0 ocC 1r o o 38 8 o [¢]

0 : 0 ° [Co_mwme]
0.9 1o o bl ool o ) L L
0O 5 N 0 9T 9 (] 50 o o O OO
[e] < 00 e} 4 o) o
o 0° S o © o °
08F %5 o © 07 o o g o 5 08l © 5 ©0 o o °
@] C O [eXe} e @] o OO o o OO ° o o o o
Eo ~0 @ o ) o ~ LS
0.7 © . %5 o ®o - o o 0.7 F OQgf e og o, 08
o ¥e o - o : . o
061 o , 08 o o, ° 090 % 06?7 o 5% o
i o o, o o N 8%
)] o N . o o (034 OO ] o ° o o o °
) P o 0 ® o > 05F o @ o o S o
f¢) * - Q. o (@) 0“0 o o) e}
o O O o O o o o o o o o
04 000" ° °© ®° 9 04r o o ©° o 00 o
e} e} o o 5 °
o 4 o N . o ° © o o
03p = 9 0 o © o? 03 g2 0 oo o O ooo °
6% oc o o o
0.2 LO (¢] O % ,L o0 O Q)o o 80
o SJe! 0© C o 0. > o o ° % g 3 S 8
01k [Shre) 00 0 o n ) (¢] o oa b o OOO ® o % (9 le)
00 0 o 5 o ) - o o 0O 00 ® o
0 < a 50 0 O P o o0 . 8, 0o o . 5 \ Lo o )
0 01 02 03 04 05 06 07 08 09 1 0 o1 o2 03 04 05 o6 07 o8 o9 1
x X
YE it 2T L y > 1hls
(a) X IAVRTERILGEIL (b) BENLHILAIL

B 4-1 Hlha bt oA

4.1.2 A5 5 K ABANE T

— R UL, KAE CMOPs 75275 i 22 A AN S 2 18] (1) 148 DA S B AR R S 29 3R
Pl 9 7 SEBL AP, ZE S PIARAT DE 57 DE/rand-to-best/1/bin £
DE/current-to-rand/1 SEHLFT, IXPIANE T T & IR T 3RMBLIR 2 H Az ) @i,
H 7 DE/rand-to-best/1/bin U1A :(4-3)Fl(4-4) Fion, ZH TR T REMEIE R, 68%
hnem RS . DE/current-to-rand/1 Ui A (@4-5)Fr~, METAMAEH 7 REHLIEEAD
RE R, P DUREE 2 e

DE/rand-to-best/1/bin:

yi =X, +rand(0,1)(Xye — X, )+ F(X, —X,) (4-3)

Y4 if(rand(0,1)<CRord =d,,,)
=, : ,d=1..D. (4-4)
X; 4 »0therwise
DE/current-to-rand/1:
u =X, +rand(x, —x, )+ F(X, —X,) (4-5)

HoAt, i=0 N Y= Vigoen Yip) AU = (U, U )T 20 AR S AN 22 23 ) B AN
I 6,0, 6 AT, X NFEER RSO, F 2R T48780E 7 W)
=LA 7, CR AR XIEHIZ . (153 = /2, DE/current-to-rand/1 #¥A #E4T I
XX, HEA AL,

FEAZFNE T, AN E T ROR SRR A TS, DASEIC SO A 2 R )P4 . AR S
R [751[76] B9 &1, F A1 CR 43 7 A EE 51 A 5 it {0.6,0.8,1.0} £l 52 X 4% il Z £ ith
{0.1,0.2, 1.0} HBEALIEH . FAR A X0 PIEHTC R 2 H b5 R £S5 29 9 5% AF 2 TR -1l
PRI AT e A MEE A RTATAMERS, B S N A0S MR
A, ARG SR OC T 20 SR R WSt o BB AR S A T AT AR, JE X RTAT AN
BATAESCICHE , WA — ZIESCRCAE ERENLILE £ — MR i AN . i Bk,
H A5 BRI 20 R S A 2 18] ] DA ) — & 147

ale)
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T, 285 5 I S AN AT B 8 H s (RS BRI, RS S 72 A (R A AR AN 2 3 57
FAE, EAEMRAE LA . IO AS AT R REAT AR NS A S 0 20 A o L)
AN 7 A X (4-6) R, (HRXFERMEANT N FEOM R SRR A b, PRI K
LS

Y,! = Min(Max(Y;',1),u) (4-6)

AATEE TP TP 3 ) E B ANE O B AR AT AR B, DLIBE S P SR A
TEfR RS b, PREFFIEE Z 1618 . LA S5 DE/rand/2 A, BARGIEWITR.

ZE 07 In) B AE N

Y, =%, + F(x, %)+ (%, ~X,)] 4-7)

WERZE &y s e B, W EEAT 4k b3 7 2

B, R

X EX X X X

Xavg - 5 (4'8)
SRE, HE IR 7 AT IR
yi,j - Xravgvj +F '[(sz,j _ng,j)+ (XU:J‘ _ervj)] (4_9)

IR 5 —IRAR R SR ARSI, A% A DL T 5 AT 24

min{lj, Yii +rand(0,1)*yi1j},yiyj <l
Vi = (4-10)
max{uj, Vi —rand(O,l)*yi'j},yi'j > U,
Hop, oy BRI MR | 4 O
Xl - —————— X Decision Space |
Bounda;y

Xy

(a) EAME TRAE MRS E] A (b) EAbE AR A2 5] o
42 MR RER
BTGB, AR BN T OoE TR A, B 1 AR
WAL LS, R T AR 2R B 422 25 TR RARAMRIEAT EE LI
L e S S e e /= 95 1 B Tt e NP oY 2 D 7 7 B 2 A D e N AN
O RN 5 ADNMERIFE A, 1B 4-2(a) 28 B BT 1 AR S AL MA py i H AR TR]E
[, #d AR E-8) IS 5 R I MER & X,y » Xayg KIE 5 DHIERANMEZ ],

ale)
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B Xy IR A TN(A-9)EAT IR R, FBINME p,, p, FEMF RN, DRAE A2 8] AMA Y
ZRE. B 4-2(0)H B IRAR A p R RS AL A, AT IR AR AR A A
p, IR (A A, BEIARYE 2 X (4-10)% p, BEATEAL, EMTRNGRE] p,, PRIE T APHE
HIZ R

I PR, PIARAR R T VR A SRS SEEIL TS N 2 R )~ S E AR R A
S R 2 A A, I HAEAR 5 45 S 0 ARV AR SR NE AT B 4D, X R AR
KIOREF T ABER 2R, a8 TR BRI AR O, RERAEERIEAL R . Rik4l &
1A S SRS DRI R
B 41 R
N FEER/ANN L FEER ={X/,..X\}
fath: AU O,
1 0, «dJ,;
2 HHEAAME X ILIRIER CV (XY) 5
3 fori=1:N do

4 MA{0.6,0.8,1.0} pabLi £ —ME/E N F . M{0.1,0.2,1.0} sHRtibLik % —MEfE N CR;
6 if rand < 0.5 then

7 if P A7 then

8 A CV (X) B NIAMEAE N X 5

9 else

10 MR Pareto SCRL G R IBEATHEF 45 2158 — 2 AE SCIC A
11 MR — A BE R L3 — N MARE R Ko :

12 end

13 AP i X, X, and X; , HRAE A SR (4-3)FI@4-4) 7 L HAMA UL
15 else

16 AP i X, X, and X; , MR A SR (4-5)P R BT U
18 end

19 if u R

20 R 2 (49 AT B4

21 if U sk LA

22 MR 24 (4-10)BEAT — kB4

23 end

24 0O, «0Ouu;

25 end

4.1.3 H1E NIk P A

LR Z Hbnfifert, W RS E 8 E5, B R 20 S R 7 04
AFERARSCRCEE S . 5=, PR ERT A NME, BRI E 2 5.

A



SR B oot R RA R A AR AL

=, WRAESISFEE RN HEA i a I MARREAT HER, HIERI ST S BN AR SR,
A REAFAEMAAEAESCRCHE PP T AL T T ZOANAL 5 G T IR FEAR B AEREALIIRTIN, 3R
1300 PF ATERM . a0 2L o 3 Al DURANE 28k i 5-3 Fow,
Rank, A% DX i) — S5 A4 AN AT EURT, 100 Raink, I3 FANMAR TR 1R - IX L8y 7
RIfigE LR 7 58 A HE TR 0N Rank, IO X 385

f2

4-3 fEGRFFE T INER R R B
N T IBRHT S BIAS R, AL R i B e, CERTIE F vk rh, Rk 1
—E A HATHRICR . N T EFASH PF A ISR INAR AT s %, ik A
PR B2 BERAUR B AR T AR A . BATHI S R A 4-4 F1A K (4-11) P

Ratio

1 ==

B 4-4 LB AEAR R 6 2R it 22

B R+(1—R)*sin(§—(;7z) if1<G, <G

Ratio (4-11)
1 if G<G, <MaxGen
Hoh, G NLRTRAME. JIERREN 1 I, ATZEEFVIIREE N R(O<R <), X

FEARECN G(L< G < MaxGen) i, E£ELLBIA 1.
4.1.4 IMSDE #.:4#5A

RATR 2 SO EE R E RS BIE RMODIRIR I . H e, EAiRiT
REFPXTBENLEGIEAT Tent JRIEBRAT A S 7] 27 31 DLAE BCE AN 51 73 A7 i BEA LB A2 ilid)

~E
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EFREE: SRJE, MTHEE 4.1 HIAR RS AR T —AOMBE . &, R BE R R
G FEAT N MMEEEN T —AR, BEE R R 2 e 4R % F . L BRI D AR AS
Wk 4.2 FoR.
% 4.2 IMRSE H3%
N MEER/NN BRI MaxGen
. AP
1 t«1;
2 XTBEHUEGEST Tnet RIEWLST, #IEA1L P ={X} ..., X\ }5
30 PAT R SR R AP, P ={P. R}
MR R AT N A SRR BT s Rl
5 P9,
6 while t<MaxGen do
7 MR EE B AR AR O,
8 5t Op HANFIAT M REAT B il b 2
9 H, < P UQO,;
10 HRE FE R kR R W H e N AN /M3 B,
11 t«t+1;
12 end

4.1.5 IMSDE FykE 2R o0 b

%% 4.2 Fis, IMSDE ik I [a) 5 % 32 Bl afe 45 0w Sz 1AM A0 26 i ke
E o TERINIIEDL T, tHE CDP FHTIE & i A 5 A4 o O(MN?) o R, HIEM
PR BE HIRT [H] Z2 BE O(MN?) o FEFAFI B A B, ERIMGT, A e
RIGAT AT, BHEE IR BN O(ND), W FHEAE 47/ MA EAEH Pareto Ik B4
A, NEHAIE L FE N O(MN?) . 4 Bk, IMSDE Sy K S A& [a] 5 44 2 O(MN?),
5K ZHIA K MOEA #H[E, 111 NSGA-II, I {a] & 24 FE [FIFE AN O(MN?) o B2 45 W]
9% B F BT R USRI PE B R S B MR S M 49 O(N? + ND)
[FIRE 5 K Z 504 1) MOEA MfE. ot M. NAID 235 B bRB. FehoRe R DA K ok 5 ) e
4.1.6 IMSDE &% fe 70 A

HESHORE . BN RN E N 1000 0 TR S, &4
SERER ST SII 30 YR ZE SR )~ SSE AR ZE . FHAE R BT IR ELFIE 100000 (X 1
1k AR A X, S XM AR EU o il R E D 1A 20, EZ AR R, A2
SRR AR EC N 1 D A 20. 6T DE 7, UR4ERF F PTG EEUEN 0.5,
XA CRA 1.00 BT K EU B i 1) HoAth Z 80 B O 5 A0 SCH TR, DASEER A

N

aTad
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P LA

VRO RS N T S NA i A B 2 B AR EIERIPERE, SEERAE R T PR RE SR AR
S IatACEE 2 (Inverted generational distance ,IGD) A% & (Hyper volume , HV). %%
/N IGD EAECK ) HV (EARRE B S M 2 pevEPEfe . RNy 1 SEaF I B
ANFEFIEE FIPERE, AR 5% W E MK A Wilcoxon £ 5 fkAE 50 kA4 IMSDE
HHAMBER EENE R . RREREFNENRE TS M. /=Rt L
(0280 SR B 5 P T/ W 3 22 /3 A TR 2 i v

SPHGERE: O T RIE St 5 1) IMSDE BERI A RME, ARTTIERL T 4 F CMOEA 1E
CF Wtk EBYHEAT KRG PERELLE . 4 4~ CMOEA 737l /&2 C-MOEA/DBY,
AGEMOEAII®?, NAGA-II-ToR®1F1 DSPCMDE!®., -+ A ) IMSDE &5k
£ GDE3®I Pl b b AT oudk, Rk, AFf IMSDE 5 GDE3 fE il Al SL U347 %) H o
B LA AEAR R 26 A AT, AHSE 25t BV {3 AR R R ap AN 28 b At . AH RIS
e ah I 2 AR E S . A RIS AT EIE. A T BN 2, g S
AT 30 IR

MR DOC IR PFESLEA I St F o F AR s 8 1) S A e SR 205 (A
LARAW, AW RUELFAFELIEL D, 15 s 5 2 8] o 1 AT AT U A AN [F) 1
i (BIEELRNE . BRI 20D o [FIRE, BT T — SRR, R B AR R SE N H
PR R ATATIR, ff PF A &L, Bik. IRASFE. v DOC1-DOCT HA WA
H#r, DOC8. DOC9 EA =/ Hbr. HHAM AT CMOPs #HLt,, DOC HA H it 154
FSE R IR 1. CF [ 10 AN FEAENNR R AU — 25 S WK 4-1 Fios.

% 4-1 CF MR pR %5

BR K H br 5k YLz BRI PF JAR
CF1 2 10 [0,1]° K
CF2 2 10 [0, x[-L1P AN
CF3 2 10 [0,1]x[-2,2]° ANiEE
CF4 2 10 [0,1]x[-2,2]° 4k
CF5 2 10 [0,1]x[-2, 2] Stk
CF6 2 10 [0,4]x[-2,2]° 5 L
CF7 2 10 [0,1]x[-2,2]° SR AL
CF8 3 10 [0, x[4, 4] AN
CF9 3 10 [0,1* x[-2,2]? ]
CF10 3 10 [0,1 x[-2, 2] ]

K 4-2 K 4-3 325t 7 HIELE CF B4R B IGD M HV BIXf &R . 7E CF
Bodde FIE R AT B A CF % B IMSDE S0y W] S48 T Hofl 55
%, LA CF5 Nfi, KH IMSDE 5% IGD 1 HV $8ARIME 5 328 1.8331E-1. 3.4304E-
1, SHRFEZRPRMLML, 1GD KT £ 21.5%, HV #5745 9.21%.
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42 xSRI B K 1 IGD 55Xt LE

Problem Statistics NSGA-II-ToR C-MOEA/D AGEMOEAII DSPCMDE IMSDE

CF1 Mean 2.0423e-2 3.3648e-2  2.0977e-2 9.8410e-3  7.4186e-3
(Std Dev) (2.30e-3)-  (4.29e-3)- (2.56e-3)- (3.66¢-3)-  (1.28e-3)

CE2 Mean 4.9024¢-2 1.1529¢-1  5.2994e-2  2.3097¢-2  1.5404e-2
(Std Dev) (2.36e-2)- (4.48e-2)- (1.92¢-2)- (1.15¢-2)-  (9.81e-3)

CF3 Mean 2.4618e-1 2.9868¢e-1  2.7866e-1 1.4121e-1  8.0701e-2
(Std Dev) (7.47e-2)- (9.36e-2)- (1.16e-1)- (7.26e-2)-  (1.09e-1)

CF4 Mean 1.0588e-1 1.5036e-1 1.0775e-1 6.7259%-2  4.9174e-2
(Std Dev) (3.72e-2)-  (6.22e-2)- (3.65e-2)- (6.26e-3)-  (1.05e-2)

CF5 Mean 3.4712¢-1 3.6840e-1  2.9051e-1 2.3354e-1  1.8331e-1
(Std Dev) (1.33e-1)-  (1.32e-1)- (1.03e-1)- (1.62e-1)-  (1.12e-1)

CF6 Mean 8.8963¢-2 1.7406e-1  9.0769e-2  4.4665¢-2  3.7697e-2
(Std Dev) (3.25¢-2)-  (5.14e-2)- (3.40e-2)- (1.49¢-2)- (1.21e-2)

CF7 Mean 3.1402e-1 3.1550e-1  3.6029e-1 1.3974e-1  1.2273e-1
(Std Dev) (1.14e-1)-  (1.08e-1)- (1.62¢-1)- (4.76e-2)=  (5.70e-2)

CF8 Mean 4.3450e-1 3.2918e-1 1.8796e-1 1.8615e-1  3.6407e-1
(Std Dev) (4.63e-2)- (1.0le-1)= (6.27¢-2)+ (1.68e-2)+ (8.97¢-2)

CF9 Mean 1.5391e-1 1.2670e-1 1.6570e-1 1.1491e-1  9.2406e-2
(Std Dev) (2.59¢-2)-  (1.97e-2)- (6.95¢-2)- (8.38¢-3)- (7.74e-3)

CF10 Mean NaN NaN NaN 4.2431e-1  4.0615e-1
(Std Dev) (NaN) (NaN) (NaN) (1.08e-1)=  (1.60e-1)

DOC] Mean 2.6181e+0  3.8598e+0 2.3216e+0  4.7335e¢+2  7.3028e-3
(Std Dev) (1.77e+0)- (4.16et0) - (1.59¢+0)- (4.60e+2)-  (4.30e-4)

DOC2 Mean NaN NaN NaN 4.4258¢e-1  4.4112e-1
(Std Dev) (NaN) (NaN) (NaN) (4.57¢-3)- (1.51e-4)

DOC3 Mean 5.7733et2  5.9637et2  6.6065¢t+2  1.1475e+2  3.3263e+2
(Std Dev) (2.17e+2) - (1.59¢+2)- (1.56e+2)- (2.70e+2)+ (1.51e+2)

DOC4 Mean 7.6097¢e-1 6.9550e-1  1.2100e+0  4.9045¢-2  1.6108e-2
(Std Dev) (8.22e-1)-  (4.40e-1)- (1.94e+0)- (1.24e-1)-  (1.38e-3)

DOCS Mean NaN NaN NaN NaN 8.7205e+0
(Std Dev) (NaN) (NaN) (NaN) (NaN) (3.31e+1)

DOCS Mean 2.9682e+0  1.3207¢et+0  1.8269¢+0  2.9548¢-3  2.6336e-3
(Std Dev) (3.72¢+0)-  (9.36e-1)- (2.30e+0)- (1.71e-4)-  (8.07e-5)

DOCT Mean 6.2441et0  6.1305¢t0 5.4160et0  7.4962e-2  2.3949¢-3
(Std Dev) (1.96e+0)- (2.21et0)- (2.57¢t0)- (2.16e-1)-  (8.24e-5)

DOCS Mean 6.2345¢+1  8.3918et1 8.4764etl  1.0813e-1  1.2175e-1
(Std Dev) (5.43e+1)- (6.03et1)- (7.58¢t+1)- (5.72¢-3)+ (8.35¢-3)

DOCY Mean 2.0068e-1 4.1623e-1  2.3075e-1 1.1216e-1 1.1858e-1
(Std Dev) (9.37¢-2)-  (591e-2)- (1.47e-1)- (1.14e-2)= (1.44e-2)

+/-/= 0/16/0 0/15/1 1/15/0 3/12/3 /

ale)
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43 XA B BV $E bR LE

Problem Statistics NSGA-II-ToR C-MOEA/D AGEMOEAII DSPCMDE IMSDE
Mean 5.4041e-1 5.2419e-1 5.3988e¢-1 5.5453¢-1 5.5707e-1

CFl (Std Dev) (2.99e-3)-  (5.38e-3)- (3.29e¢-3)- (4.40e-3)-  (1.55e-3)
CF2 Mean 6.0850e-1 5.5121e-1  6.0345e-1 6.5007e-1  6.6128e-1
(Std Dev) (2.95e-2)-  (3.10e-2)- (3.06e-2)- (1.18e-2)-  (6.56e-3)

CF3 Mean 1.7687e-1 1.5218e-1 1.6757e-1 2.4175e-1  2.7870e-1
(Std Dev) (3.83e-2)- (4.09e-2)- (4.47e-2)- (6.74e-2)- (7.67e-2)

CF4 Mean 4.1268e-1 3.7065¢-1  4.0921e-1 4.4908e-1  4.7127e-1
(Std Dev) (2.32e-2)- (4.41e-2)- (2.77e-2)- (6.20e-3)-  (7.84e-3)

CF5 Mean 2.5396e-1 2.4783e-1  2.8892e-1 3.1410e-1  3.4304e-1
(Std Dev) (6.88e-2)-  (6.13e-2)- (6.10e-2)- (9.37e-2)-  (7.64e-2)

CF6 Mean 6.3416¢-1 5.9621e-1  6.2780e-1 6.5979%-1  6.6324e-1
(Std Dev) (1.46e-2)- (3.38e-2)- (2.10e-2)- (8.13e-3)=  (7.58e-3)

CF7 Mean 4.2413e-1 4.3653e-1  3.9985e-1 5.3126e-1  5.4834e-1
(Std Dev)  (7.79e-2)-  (6.59e-2)- (1.14e-1)- (4.71e-2)= (4.14e-2)

CF8 Mean 1.6910e-1 2.4966e-1  3.4189e-1 3.2883e-1  2.4856e-1
(Std Dev) (2.18e-2)- (2.27e-2)= (3.65e-2)+ (2.12¢-2)+ (3.75¢e-2)

CF9 Mean 3.3786e-1 3.6832¢-1  3.8048e-1 4.0568e-1  6.4554¢-1
(Std Dev) (2.81e-2)-  (3.55e-2)- (4.57e-2)- (1.14e-2)- (1.04e-2)

CF10 Mean NaN NaN NaN 1.0423e-1 1.3237e-1
(Std Dev) (NaN) (NaN) (NaN) (5.44e-2)=  (6.80e-2)

DOCI Mean 5.2028e-3 1.1258e-2 1.9352e-2 1.6115¢-1  3.4103e-1
(Std Dev) (2.52e-2)- (3.01e-2)- (5.69e-2)- (1.76e-1)=  (1.18e-3)

DOC2 Mean NaN NaN NaN 3.3678¢-1  3.4114e-1
(Std Dev) (NaN) (NaN) (NaN) (1.21e-2) -  (1.73e-4)

DOC3 Mean 0.0000e+0  0.0000e+0  0.0000e+0  2.1103e-1  5.4004e-2
(Std Dev) (0.00e+0)= (0.00e+0)= (0.00e+0)= (1.50e-1) + (1.23e-1)

DOC4 Mean 1.5426e-1 7.4525¢e-2 1.1020e-1 5.1771e-1  5.4485e-1
(Std Dev) (1.67e-1)-  (7.66e-2)- (1.59e-1)- (8.11e-2)-  (1.76e-3)

DOCS Mean NaN NaN NaN NaN 4.5775e-1
(Std Dev) (NaN) (NaN) (NaN) (NaN) (1.24e-1)

DOCS Mean 4.4314¢-2 5.4807e-2  7.7675e-2 5.2661e-1  5.3484e-1
(Std Dev) (1.03e-1)-  (1.13e-1)- (1.49e-1)- (6.82¢-3)-  (4.23e-3)

DOCT Mean 0.0000e+0  0.0000e+0  0.0000e+0  4.5474e-1  5.3481e-1
(Std Dev) (0.00e+0) -  (0.00et0) - (0.00e+0)- (1.50e-1)-  (7.27e-3)

DOCS Mean 0.0000e+0  0.0000e+0  4.0348e-4  7.3562e-1  7.0817e-1
(Std Dev) (0.00e+0) - (0.00et0) - (2.21e-3)- (6.92e-3)+ (1.15¢-2)

DOCY Mean 0.0000e+0  0.0000e+0  0.0000e+0  0.0000e+0  0.0000e+0

(StdDev)  (0.00e+0)  (0.00e+0)  (0.00e+0)  (0.00e+0)  (0.00e+0)
o= 0/14/1 0/13/2 1/13/1 3/10/4 /
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