BHSRE

Control and Decision

W L BEER B 2R iR A K FE [ A28 SAGVER S BE
BkILige, H-2F 0

FIHASC:
kL0, R . TP B ER A 2 (TR A TR ZEIMLAS 5 AG VIR SR BET]. #1i] 53k, 2022, 37(10): 2723-2732.

TEZRIR]IE View online: https://doi.org/10.13195/j.kzyjc.2021.0318

BT BRSO HAB S EE

Articles you may be interested in

SRAR B ZETR G UK 4 18 B2 A B2 A8 S ik AR S AR SRk
A double level mutation iterated greedy algorithm for blocking hybrid flow shop scheduling
PEH 5P 2022, 37(9): 2323-2332  https://doi.org/10.13195/j.kzyjc.2021.0607

DX )8R AR IR 4 ) 9 S 4 b ) A4
Collaborative optimization of interval number reentrant hybrid flow shop scheduling and preventive maintenance

P 5P, 2021, 36(11): 25992608  https://doi.org/10.13195/j.kzyjc.2020.0973

BTk a1 0 o0 A UM B BEIR 5 K 4 8] 8
An improved shuffled frog leaping algorithm for the distributed two—stage hybrid flow shop scheduling
PR 5 H%E. 2021, 36(1): 241-248  https://doi.org/10.13195/j.kzyjc.2019.0472

R e XS SRR AR SR A AN 0 A 2O K 2 2 (8 1812 )
Hyper—heuristic cross—entropy algorithm for green distributed permutation flow—shop scheduling problem with fuzzy processing time

P 503K, 2021, 36(6): 1387-1396  https:/doi.org/10.13195/j kzyjc.2019.1681
FI 38 0 Jaya B30 K ik 22 H bR 2P 4 ) 20 78 82 [

Multi—objective flexible job shop green scheduling problem with self-adaptive Jaya algorithm
Pthl 3. 2021, 36(7): 17141722 https://doi.org/10.13195/j.kzyjc.2019.1773


http://kzyjc.alljournals.cn
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2021.0318
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2021.0607
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0973
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0472
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1681
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1773

55 37% 55 103 # % 5B x K Vol.37 No.10
20224 104 Control  and  Decision Oct. 2022
™ LR R BRERKEENSISAGVEEGAE

(1. BT RS SN, i 200093; 2. FPHH TR 5 5@ R SEH 0, W E FERH 473004)

B OB EA DB RS IR A K B HLEE A E 351 S 4 (AGV) BEA T ) 8, 42 H 23k memetic
algorithm (MA) LA A fge/Mb B K 58 T IR RLAL REFRE. 27200, Bt 26T 0 HLERFIEE Sl 1) = )2 g il S ng, i K F%
JEARAEBVETE RN 2 (B P 22 SR 5, TR A BRI A6 10 77 2 AR i W A PR B At 10 0 5, [ N 8 v 28 ORS¢
SR AR PR T 1) 0 D 40 S A 2R SRS SRS A7 B I A R A RN R A R e D i, B K R 7 B SRR IR IE
MA S35 R A 1% 1) 85 1 205 R

XA TJPBkER; AGVIRE; SHEIHE; 7 A5 B A

FEDHES: TPIS XERFRERS: A

DOI: 10.13195/j.kzyjc.2021.0318

ST B, . 7 T kBRI SR TR A UK E MNL A 5 AGV AT (7). #5415 Uik, 2022, 37(10):
2723-2732.

Joint scheduling of machines and AGVs in green hybrid flow shop with
missing operations

GENG Kai-feng'?, YE Chun-ming't

(1. School of Business, University of Shanghai for Science and Technology, Shanghai 200093, China; 2. Information
Construction and Management Center, Nanyang Institute of Technology, Nanyang 473004, China)

Abstract: For the joint scheduling of machines and automated guided vehicles (AGVs) in the green hybrid flow shop
problem with missing operations, an improved memetic algorithm (MA) is proposed to minimize both the maximum
completion time and the total energy consumption, simultaneously. Firstly, a three-layer encoding method based on
operations, machines and speeds is designed to ensure the search of the algorithm in the whole solution space to the
greatest extent. Then, a hybrid population initialization method is designed to improve the quality of initial population.
Meanwhile, crossovers, mutation operators and two kinds of neighbourhood search strategies based on the problem
are designed to balance the global and local search ability of the algorithm. Finally, simulation experiments show the
superiority of the proposed algorithm in solving the joint scheduling of machines and AGVs in the green hybrid flow shop
problem with missing operations.
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Az BRI FE 5 SR AR AR B s K LA g

step 2: BEHLIEBENLEE mgy, LI T A

step 3: %iﬂ%lﬁi i N E m g T4 T AR T
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step 4: AR HE SCHC O 4K H e i 1 MR X

NS3 & A2 it 7 B KWL b AR AN L, B
RS BRIT.

step 1: I A Bl AL aZe 426> 4 X, R 4 g i S s
A2 IR B2 T SRR AR s R B2 g

step 2: LI EENL 5 mgy, BB AT F1 5, 44
At R A 5 A2 4 r B, 15 2T R ANk X

NS4 &4t i K I HLES B AT 5 R TALH
flLES I AR AT 28 e, HARP RGN R

step 1: P A Bl AL 02E 436/ A4 X, MR 4 g i S5 s
A2 GRS AR R AR B R BRI 28 g,

step 2: BEALEFEHLAS gy, B TAF 4.

step 3: SR LA ¢ 5 R TALHLE myg gy LT
A AR AT A2 03 305 MR X oz TAAH
— B WL g, MDA g DA R A3 N T A 4.

step 4: AR HE SCHC ¢ FR 4K H e i 1 MR X

NS5 2§ i S i K AL A b AR A n s 5
DA R0 T[], B 2 3R T .

step 1: AT A Bl AL e 428> 4 X, A 4 g i S s
A2 IR 2 T SRR AR s R I 28 g,

step 2: BEALIE BEHLEE mgy, b I DL 3 B2 n T
) A, B v JE o T A B Ak X
252 ETTEMRREER

— MR, LS B0 T R R, T N T ]
AR SR, JC 18 T Ab B A T8 B2 22 P, #AN ] A
2 HIALEE A TSR LA, RIS H Hu b s
T3 FEAR T B 2238 AN W I RE AR TR 2. FE AN TR AL
makespan ¥ 7§ T, 8 i & 2 PR ML 28 i T, &
4 SE 0 T TR, TT AR BRSO REFE TR 9. HE T
I, ARSCH T T T TE BIAR IS &, 7R AN 75 EE B L
78 0 B AN AR HER () Bl b mT DU 202D TE, B4k
SRR 2 .

#¥E2  Neighborhoodsearch_TE().

BN AME X

i ST BN X 18 D A, S R A A

D) for k = 1:.S do /i3 T4 g BT A HLES

2) fork=1:mydo

3) forj=1:ndo//IRITH; T IT4ifE
PLEE Migre LTINS, 37550 HUE 15 75 00, BUEO.

4) if yjig == 1l and V}, > V) then

5) B I T3 % J5 T T [R]
WIENTT < pjge/Vir — pjgr/Va, h' < h.1E
AGV. M2 FG A AH < 1 HE i [7) 25 24 R &A% R, i

HAZ TP R vr &K Mn T A TT" « min(s;, —
€jg — Wjigks Ljgg' — €jg)- g NI H T —E
T FTAE A 883 R 300 T A7, DRk R T B A7 7E, U
g = g+ LA T BLE My, BN TRy &5 —
NI WTT  Tigg — ejg. 5ig Mejq 2058 TAF
i, j AE AL g E NI TT 48 R0 Z5 SR 8], w00 HAENL
i Mgy, bS8 5N A 5 A0 6 I, A 4 FRG0RE #H 5% 1
HEFIA] Tjgq NAGV $ LA j NTAL g izt 3] o' T
R TA).

6) if TT” > TT' then
7) Vi, — Vi IR M X
8) end
9) end
10) end
11) end
12) end
3 BELE

KSR F Matlab R2017a SEBLR L4 FE, A3 S
06 I E#R{E & %t 8 Windows 10, 40 F 5 Intel Core i7-
4770M CPU @3.40GHz, N 17 16 G i+ H ML L i3k
7. B4k, 5% T MAHESP-MO-SDST I 78 850/, %
IR SCHRAE T B, A3 3% 3 HGWOAS!, IEDAY
A e NSGA-ITZ 3 o B yF A 0k EUAIE 7. 3K 3 Fh SR AE
SR AR B I /K 2 18 BE e B #0E T IZ IRLA. R
T AR, 3P HE 38R FH 5 MA A R g A DA R
fERts 7k, R T TR W, A SRR A HLEE AT AGY
TEARRDIRAS T AL REREAA[R, By = 3V2, Eidle =
1, EgEond — 11, gt = 1 5 RIEP = 1.2,
3.1 EBHMERESHEE

ARSI AR j*s*v fir 44,4 N — A IE R,
B 41j10s5v3 R AN 10D TAE 54 TAZ3 D AGY
IS AR T TR DL AGV B A TH
FIRE () 24, A S AR 1 45 AN S04, A A e 1 BRI
Y R 1 pr s,

*1 EpfIZENEEE

5 HUAE Y
TR 10,15,20,25,30
T HE 34,5
AGV %5 34,5

ML S 2,3

TP AR N TR [A] [0, 10] 2 [A] %%

HLESTH] AGV IS i ) [1,6] Z [a] %4y
G A 5 18 i ] [1,6]  [A]%E4L
BRER T 5 b 10 % ~ 15 %
in 1,152

MA A (1 5 8 25 3 32 N R L Popsize, 5
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BPUE & LR EERSAKRKERNNE S AGVELSAL 2729

1EIEAR B Maxiter, 22 X R P, AR S ME% P, i@
I Taguchi 77 ¥ 3E 4T 1E A2 SE 56, 24 Popsize = 80.
Maxiter = 150, P, = 0.7f1P,, = 0.1 &L
s, HA SHE S 808 B 9 1 275 SR (15, 24-25).
3.2 MEEIFNIERR

AR F SR [26] H 3 AN VRN FiE B GDL 1IGD Al
C-metric KA 8 H VAN Z R SRR 4E 7S o
.4k, T 5B 5% AR Pareto 7 Y (OPF) J2& A& Al
1, {8 FH 32 f8d Pareto-front(APF) £ %% OPF. X} T+ /M5
141], APF I8 3 4 i A3 550245 B 1 AR SCRC R4 & e — 1
B4 G NG T LRSI R A5 2.
33 TV A IELIIE

N T EWI R FH 52 A e AL A f 5 n R U (PEP)
PR FVE - AR AL SR I TR 81, MA 5 R 56 42 Bl
HUAS BT 46 Rl e (1) MA G2 MATL) #:4T T L. Bl
MLIE B 12 A6, BAS S5 ST IZ 4T 20 IR T % GD.
IGD LA f C-metric [f1°F 3548 413 2 FroR. AR £ R
FEANTEAR O IR AR, B3 2 7 40, 76 12 ANIR 55451 o
C(MA,MAD ¥ KT C(MA1, MA), Hl it MA1 5032 it
AT IR SCHC AR R 7 #HE MA B2 s ) 452
PC AifE SCHC. £E R 23 5541 b MA 550 1 GD A1 IGD 45
Fr#f EE MAT (17N, U B AR SCHE H I M AT 48 A0 7 56
BT RS Ge.

#=2 MAFIMAILEE3NMEFRELE

C-metric GD IGD

ESY

C(MAMAI) C(IMAI,MA) MA MA1 MA MAI

j10s3v3 0.54 0.23 0.0148 0.0724 0.0102 0.014 4
j10s3v4 0.65 0.14 0.0966 0.084 3 0.0049 0.0134
j10s3v5 0.61 0.30 0.0351 0.1301 0.0153 0.0189
j15s4v3 0.47 0.18 0.0231 0.0872 0.0128 0.0195
j15s4v4 0.52 0.22 0.0441 0.1005 0.0127 0.0178
j15s4vs 0.56 0.33 0.0298 0.1013 0.0096 0.0155
j20s3v3 0.63 0.29 0.0181 0.0526 0.0118 0.0101
j20s3v4 0.55 0.35 0.0364 0.1438 0.0104 0.0124
j20s3v5 0.70 0.24 0.0302 0.1235 0.0068 0.0103
j30s4v3 0.68 0.19 0.0612 0.0947 0.0107 0.0152
j30s4v4 0.46 0.33 0.0432 0.1126 0.0106 0.0176
j30s4v5 0.57 0.26 0.0327 0.1002 0.0145 0.0134

34 BEERENBRMIIE

N T E B AR AT S R 1A U, o MA
58 W5 AR 448 2R (1) MA (e AE MA2) #E47 7 LL . Bl
BLEHE 12 A5, B> HA5) ST 32 47 20 IR TS GD
IGD VL J C-metric [P35 {8 415K 3 Fros. MAAR IR &
AT AR B B AR B 3R 3 AT R0, 76 12 AN I B 4
C(MA,MA2) #°KF C(MA2, MA), i3 ] MA2 515 T
SRAT ) AE SCHC AR R 7 # 0, MA S Fr 3145 (1 4R 3¢
Wc g S E T 5240, MA 5132:14 GD FTIGD 5

HRLE MA2 (/8. PRI, AR ST 10 P Ao 418 3584 28 S i
FE 73 T AR B X AN A EAT B Pt gt CR
AEH I

£ 3 MAFMMA2E L3I NMEFRELR

. C-metric GD IGD
3]

C(MAMA2) C(MA2MA) MA MA2 MA MA2

j10s3v3 0.84 0.16 0.0227 0.0413 0.0044 0.0097
j10s3v4 0.70 0.24 0.0081 0.0268 0.0053 0.0235
j10s3v5 1 0 0.0074 0.0122 0.0012 0.0282
j15s4v3 0.55 0.25 0.0063 0.0306 0.0085 0.0361
j15s4v4 0.77 0.21 0.0051 0.0235 0.0052 0.0369
j15s4v5 0.68 0.24 0.0115 0.0296 0.0108 0.0346
j20s3v3 0.69 0.16 0.0036 0.0327 0.0069 0.0232
j20s3v4 0.75 0.25 0.0137 0.0332 0.0084 0.028 5
j20s3v5 0.49 0.15 0.0117 0.0201 0.0026 0.0106
j30s4v3 0.88 0.12 0.0086 0.0425 0.0046 0.0109
j30s4v4 1 0 0.0073 0.0274 0.0017 0.0358
j30s4v5 0.85 0.15 0.0026 0.0263 0.0086 0.0132

3.5 S5HMEZALR

BEXE A% AL A K AGV H AN [|] 1) 45 AN A1,
M RSB AT 20 IR, BRI AT — IR1G 3] — A [C-
metric, GD, IGD] . 3R 4 Zi it 1 4 #5375 20 IR IE 1T
J& 3N FE AR 1P S 4H, AR 7 R OR B TR AR I B AR
. HFR 40 LLF H, B A s 6L, MA B0 3
ANVEO RS AR AL T HAth 3 P AR,

T Ak, 4 R ae VLA B UL B AR 55,
TYUEEIE MR B ARG B X L R, TR
FLHEAT Wilcoxon £ 5 #iAT I8 (B A5 /K19 0.05), SL56
SEIRNK S FoR. p EIE /N T 0.05, R MA HiksS
HoAh 3 Fh B A B3 25, H HoR R TEAR.

39 j10s4v5 A5 4 Fp B SIS AT — IR
Pareto B V. H1 & 3 AT %1, MA 5035k B 35453 (0 3F 52 IE A
BT HA 5%, B3 of B Ak Pareto fif il X B (1) H bR
BRIEUE 73 N Crnaxe = TORITE = 1 035.87, % .1 &
7 RE M H R E 4 Fs. B4R 2R R R L
JE 75 %, 2(1) F R TAF 2 )58 TG EBRER T, 5 4h, 75
BLES 1 Ff B (A 2-4 RORAENLES | B T2 8 T
P4 2 TR R AR G R R ). 4 B85 9 AGY
W BETT R, i Sk A i B RN R AR LS, 17 Sk BT 3K
I R R T, LLAGV 2 8%, HigHiik 28

1.4

- + HGWOA
13 - > IEDA
: = NSGA-II
ERREIE o
L +
= 7] 7 % [70.1035.87]
2 oLip oo%
%
1.0F Bo "imp,
Oo + *+$ * 5+* D* |
oooooo +
0.9 ! ! !
65 75 85 95 105

makespan

B3 j10s4v5 B4 FE % Pareto BIH
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Fz 4 ATHEEGD.,IGD LAK C-metric 3EHFRITEEL (A: MA, B: NSGA-II, C: IEDA, D: HGWOA)
. GD/IGD C-metric
3]
MA NSGA-II IEDA HGWOA C(AB) CB,A) CALC C(CA CAD C(DA)
j10s3v3  0.0212/0.0127 0.1214/0.0349  0.1055/0.0634  0.0564/0.028 8 0.77 0.18 0.88 0.12 0.69 0.29
j10s3v4  0.0203/0.0215 0.0643/0.0524  0.0645/0.0689  0.0926/0.0325 0.52 0.35 0.63 0.16 0.65 0.24
jl10s3v5  0.0136/0.0086 0.1065/0.0422  0.1258/0.0724  0.0437/0.022 1 0.61 0.23 0.81 0.04 0.55 0.34
j10s4v3  0.0262/0.0139 0.0862/0.0518 0.1034/0.0675 0.064 5/0.0453 0.76 0.21 0.76 0.13 0.46 0.29
jl0s4v4  0.0083/0.0141 0.0871/0.0482 0.0494/0.0617 0.0201/0.0393 0.79 0.13 0.88 0.12 0.66 0.22
jl10s4v5  0.0102/0.0117 0.0382/0.0344  0.0408/0.0487  0.038 6/0.0297 0.56 0.27 0.73 0.16 0.59 0.25
jl0s5v3  0.0164/0.0142  0.0939/0.0429 0.1086/0.0528  0.0822/0.012 1 0.61 0.39 0.86 0.14 0.58 0.21
j10s5v4  0.0152/0.0068 0.0669/0.0284  0.0804/0.0617  0.0625/0.021 1 0.68 0.19 0.76 0.14 0.65 0.35
jl0s5v5  0.0126/0.0094 0.0664/0.0234  0.0811/0.0495  0.044 1/0.038 1 0.76 0.21 0.64 0.26 0.72 0.17
j15s3v3  0.0024/0.0115 0.0459/0.0501 0.0405/0.1011  0.027 1/0.036 5 0.55 0.45 0.73 0.27 0.52 0.36
j15s3v4  0.0243/0.0051 0.1068/0.0201 0.1055/0.0392  0.0303/0.029 1 0.72 0.18 0.77 0.16 0.53 0.37
j15s3v5  0.0049/0.0157 0.0913/0.0509 0.1076/0.0525  0.056 6/0.029 7 0.55 0.28 0.83 0.12 0.65 0.29
j15s4v3  0.0096/0.0166 0.0924/0.0277 0.0828/0.0656 0.0175/0.056 4 0.81 0.19 0.88 0.06 0.48 0.31
j15s4v4  0.0249/0.0129 0.1055/0.0423  0.1329/0.0758  0.017 3/0.037 6 0.73 0.27 0.72 0.18 0.58 0.17
jl15s4v5  0.0187/0.0159 0.1071/0.0589  0.1234/0.0658  0.067 6/0.034 6 0.75 0.21 1 0 0.63 0.26
j15s5v3  0.0241/0.0203 0.0734/0.0505 0.1058/0.0812  0.034 6/0.027 5 0.72 0.15 0.76 0.13 0.66 0.34
j15s5v4  0.0188/0.0179 0.1024/0.0701 0.1099/0.0865  0.0359/0.0463 0.57 0.19 0.85 0.15 0.51 0.36
j15s5v5  0.0112/0.0158 0.0492/0.0649 0.0535/0.0718  0.017 6/0.039 5 1 0 0.73 0.23 0.70 0.30
j20s3v3  0.0201/0.0252 0.1048/0.0331 0.1108/0.0535 0.0307/0.038 4 0.65 0.27 0.80 0.20 0.53 0.24
j20s3v4  0.0196/0.0056 0.0525/0.0143 0.0518/0.0396 0.0554/0.0114 0.84 0.04 0.75 0.14 0.67 0.22
j20s3v5  0.0116/0.0117 0.0656/0.0506 0.0709/0.0652  0.0518/0.0156 0.64 0.36 0.69 0.21 0.65 0.35
j20s4v3  0.0212/0.0037 0.1195/0.0511 0.1014/0.0628  0.044 5/0.0337 0.74 0.18 0.76 0.24 0.82 0.18
j20s4v4  0.0184/0.0032 0.0922/0.0731 0.0749/0.0254  0.061 8/0.0123 0.69 0.16 0.75 0.12 0.69 0.25
j20s4v5  0.0198/0.0061 0.0474/0.0173  0.1094/0.0299  0.0126/0.0116 0.82 0.15 1 0 0.58 0.37
j20s5v3  0.0144/0.0102 0.0867/0.0268 0.1018/0.0348 0.0539/0.0164 0.68 0.26 0.84 0.16 0.44 0.32
j20s5v4  0.0167/0.0099 0.0654/0.0342 0.0852/0.0663  0.0235/0.0262 0.85 0.15 0.69 0.21 0.58 0.18
j20s5v5  0.0213/0.0088 0.0727/0.0375 0.0572/0.0544 0.0402/0.0232 0.69 0.15 0.76 0.24 0.61 0.23
J25s3v3  0.0081/0.0012 0.0532/0.0464 0.0652/0.0526 0.0255/0.023 8 0.76 0.17 0.86 0.14 0.57 0.19
j25s3v4  0.0137/0.0165 0.1028/0.0308 0.1182/0.0383  0.0321/0.0247 0.66 0.15 0.80 0.16 0.60 0.22
j25s3v5  0.0125/0.0109 0.1572/0.0531 0.1022/0.0818 0.0586/0.0127 0.62 0.21 0.72 0.18 0.59 0.24
j25s4v3  0.0207/0.0273 0.1074/0.0219  0.1251/0.0645  0.066 8/0.035 8 0.79 0.18 0.75 0.14 0.49 0.36
j25s4v4  0.0173/0.0156 0.0662/0.0685 0.0881/0.0705  0.0664/0.029 8 0.61 0.35 0.64 0.13 0.58 0.28
j25s4v5  0.0114/0.0074 0.0646/0.0321 0.1089/0.0807 0.0796/0.0187 0.68 0.24 0.72 0.22 0.54 0.32
j25s5v3  0.0104/0.0088 0.0808/0.0352  0.0973/0.0423  0.0264/0.028 8 0.84 0.16 0.84 0.07 0.63 0.33
j25s5v4  0.0172/0.0126 0.0801/0.0588  0.1055/0.0634  0.0526/0.042 5 0.54 0.35 0.79 0.14 0.57 0.29
j25s5v5  0.0151/0.0275 0.0522/0.0276 0.0645/0.0289  0.0437/0.0221 0.75 0.25 1 0 0.65 0.35
j30s3v3  0.0145/0.0063 0.0907/0.0398 0.1258/0.0724  0.016 6/0.0253 0.58 0.42 0.91 0.03 0.49 0.34
j30s3v4  0.0124/0.0236 0.1014/0.0349 0.1034/0.0475 0.0701/0.029 3 0.66 0.19 0.64 0.16 0.55 0.30
j30s3v5  0.0257/0.0144 0.0643/0.0424 0.0494/0.0517 0.018 6/0.0297 0.78 0.22 0.80 0.15 0.64 0.36
j30s4v3  0.0018/0.0161 0.0765/0.0422 0.0808/0.0487  0.0222/0.0121 0.79 0.14 0.83 0.17 0.72 0.28
j30s4v4  0.0153/0.0108 0.0662/0.0218 0.0386/0.0428 0.0125/0.021 1 0.71 0.21 1 0 0.75 0.16
j30s4v5  0.0021/0.0095 0.0471/0.0482 0.0504/0.0417 0.004 1/0.038 1 0.64 0.26 0.78 0.18 0.64 0.28
j30s5v3  0.0017/0.0124 0.0618/0.0344  0.0711/0.0595 0.047 1/0.036 5 0.78 0.18 0.66 0.34 0.51 0.29
j30s5v4  0.0161/0.0083 0.0739/0.0129  0.0805/0.0311  0.0503/0.029 1 0.57 0.36 0.84 0.16 0.66 0.22
j30s5v5  0.0204/0.0027 0.0669/0.0284  0.0955/0.0392  0.056 6/0.0207 0.61 0.25 0.73 0.22 0.61 0.35

£S5 MA vs. Efth 3FE KM FE#R Wilcoxon £F SFEAE IS RORBEIRX, Mg R H X, t = 0RRHAT L

. VEAMERE (p-value) FF.
GD IGD C-metric PAj15s3v4 A5l MA 5532 T 3 makespan #1 TE I
MA vs.NSGA-TI 3.17¢-16 1.61e-14 3.08¢-16 A H AR B s i 28 an i 5 A 6 . AR RN R,
MA vs.IEDA 3.16e-16 3.62e-16 3.02e-16 =) = N *ﬂ— =} ~ >
MA vs. HGWOA 2.25e-10 5.79e-11 3.07e-16 Eit@ E %%Tﬁlﬁ/ﬁtkii EP %/TJQ ﬂjﬁ makespan

ANTE PN H AR 84 e KBS 25, m 1) 0 T 25
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