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Hyper-heuristic Three Dimensional EDA for Solving Green Two-Sided Assembly
Line Balancing Problem

Abstract

Abstract: This paper establishes a model for green robotic two-sided assembly line balancing problem of
type-l, and a hyper-heuristic three dimensional estimation of distribution algorithm (HH3DEDA) is
proposed for solving this problem. In HH3DEDA, a combinatorial encoding rule based on process
selectors is designed via considering the characteristics of the problem. Then, HH3DEDA with a high and
low layered structure is proposed. In the upper layer, the three-dimensional probability matrix is utilized to
learn high-quality high individual block structure and its distribution information, and then the matrix is
sampled to generate new high level individuals. Each high individual is composed by 12 heuristic
operations, which are designed via considering the characteristics of the problem. In the lower layer, the
high individual determined heuristic operation permutation is used as a new heuristic to perform a deep
search for the GRTALBP-I solution space. Meanwhile, the energy saving strategy of robot switching
machine is utilized to enhance the quality of obtaining the non-dominated individuals. Simulation
experiments demonstrate the effectiveness of the proposed algorithm.
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experiments demonstrate the effectiveness of the proposed algorithm.

Keywords: two-sided assembly balancing; hyper-heuristic; three-dimensional distribution estimation

algorithm; muti-objective optimization; saving energy and reducing consumption

5

%5 e 28 °F 1 i) & (assembly line balancing
problem, ALBP)) {2 A7 7E T SEBRA 77 . 1% n] #T
1955 4F [ Salveson' "$2 i, 3 BRI 7t 4 ] 45 FH HhoK
RN TR BC AN AL, DA RRC R i A
R 20 AL 90 SR LK, XGLALEL 2k i T2
BRAR, EP RS HAA BERBY, TFh
TR A A TR, W5 T SRR
G T . Bartholdi™ $2 1 XUiZ %% e 4k F- 4 fry
(two-sided assembly line balancing problem, TALBP),
FFUEIHJE T NP AR R ATk, [H A A AE R
TABLP CLEJT V8 2 MW t. #IRCmARY
WAL HFRHIAE, PRI AR 32K mE: OB
At E, s ME AR BRI — 2K
X3 %5 T 2 146 ] B TABLP-1)""; @40 T4 %k
B, Pl /MU AT B AR S —2RXA %
WE 48 ST 47 ) B (TABLP-1D)"; ) 40 LAy $ & Aty
FARFIA], DL KA R A H b i 28 =38
(3 E )WL B B4 P48 ] B TABLP-1D)

SR, BEAE I 47 A i 3 A0 N T8 B A e i
K, Tkl N B AN T E oy @ # s T
JTRIEET B B, W IRR ML 88 AL 3
B £ - 167 111 5 (robot TALBP, RTALBP) B A5 5 % f{]
PLSERE X . HHTRTALBP 45 3 — & (R 78 . 2
an, RS R TT IR, SCERITTIET XS DU /IMETS
B R AR 4L H AR i RTABLP-IT,  #£3F T —Fh e
WA & % # R H ¥k (discrete cuckoo search
algorithm, DCSA) AT 3K il o SCRR[12]%F X6 PL i /)
A5 I T A AR AR B B B AR A O 1R B I T
RTALBP-II, %57 [ U R e it 1 — MR & oo
Ja & A E 7% (hybrid meta-heuristic algorithm,
HMHA) AT K f# . 7E2 H AR5, SCHR[13]

i

0

BEXE DAt /ME A B . SR AP e DA R i
KA 7= 26 R R P Ax H A R B ATL B 00100 25 i 2
- 47 v] 251 (stochastic TALBP, STABLP), # it 1 —
B HL A€ By & ¥k (discrete flower pollination
algorithm, DLPA)#EAT K fif o STHR[14]%E % BL R /)y
A4 J ST F 1) A BE A 9 10 A H A5 1) RTALBP-1I, &%
Th 7l E S AR AR K B (restarted simulated
annealing algorithm, RSA) 47 3K fif . R4 148 L
7N T s N = v 8 R S
RTALBP( L & # RTALBP-I)“F- f7 r] 8l . # A ¢
S5 G5 1R e e 26 P47 ] L (TALBP-1) 5 L 3%
N R 36 T 2 55 1121467 ) @ (RTALBP-II), 33k
— 3P B AE B IO AR LA N TF ORHLT RE SR B
FEHH DA A I o5 M 5 FRER R il TR 2R B 4
B AL BEREFR AR N ARAL H AR [ S LA B TR
120 25 T 8 V- 167 ] A% (green RTALBP-I, GRTALBP-I)
A, BT GRTALBP-I 7] 4 %) A RTALBP-I, i
RTALBP-I 3 1] 5 %] 5 TALBP, i GRTALBP-I
J& T NP-hard ") @ . X 3 W] B 5¢ GRTALBP-I 4 A
A HEEMIIRE L.

i i & 7% (hyper-heuristic algorithm, HHA)
e KM R RS, EE BT MR
5Fel% (high-level strategy, HLS) R 2 i e U5
% (low-level heuristic, LLH), i3 i SZHILGH i 2= (R A
A XSk 2R . IT4EK, HHA SRR R H %28
AR B R, HHA (5 2R 2 A 2R LT
K2 ISR AR, AKX 2 IR R & 5 1L 25 (R
LLHs #4) 5 (010 J53 1l 570) 47 76 T 6 P2 KT ¥ 1) il
2R, B HE B 2 TR A7 T A AR AL 25 K 45 R
[FIB, LLHs i sh# TR A MR A F I &2
B, TR LA 2R B0k 1) R A S [R] Hh 22 b 4R ek
SER I R R AR A S FE AR AT AR — B A TR I
A& B, ®iHA AW HLS 5 LLHs 2 #2 7+ &

http: // www.china-simulation.com

455

https://dc-china-simulation.researchcommons.org/journal/vol35/iss3/2
DOI: 10.16182/j.issn1004731x,joss.21-1134



Hu et al.: Hyper-heuristic Three Dimensional EDA for Solving Green Two-Sided

H35 B3 M
2023 £ 3 H

AR R . SR SCBETHE R R =4 A Al
THEIRAT R AR, 1ZEE G E K H = 4E R iy
AR Z 8y, Bef ROk G fe gt (L Sk
3 A7 6 B s AR A e Y R, =
YEME AR A EME R T, W] BRI 22 3
AR 2 e 2 D oA A AR BB (8 P A JE A0z A
2 BRI AR SR A BT A A I B AR R M 2 AL
R S LE AR h i B AR AL B, AT T EE S F A
SEFERTT R DR EERAE . WA, xR
SCHRTT I, HHA R AR R RC 1 i X S 1) rp 15
BN

i b, ARG LG N IEREL R R L
ST i ) AR S SR . AEERAET T, AL LAIR]
I B MU ZR R S I TR B 28 B 4R bR 5 e BERE
FEbR AL H b i ) ST . fESRARTT T, S5
GRTALBP-I ({145 5., Bt fa A sl =4 i fhi it
5% (hyper-heuristic three-dimensional estimation of
distribution algorithm, HH3DEDA)# 4T 3K fift . 1511
BRI TR Hlas AW Begm as L], i —
R e () NEH J5 & SRR AR ) 46 10 SR ok
FORBI GG R R BT, FEFTIREVE M S 2R =
4E 7 A5 fh 1 B 7L (estimation of distribution
algorithm, EDA) K & B 5% =] F1 AR Z2 A o =1 )2 AN 4
S R AR R, b & E AR B T i

RGN

Journal of System Simulation

Vol. 35 No. 3
Mar. 2023

THIT 12 0 e AR R SE R HES R s AR Z
W e 2 A R R R SR AR L U B AT AT SE
I F v 0 A % ) AN o] DX 3 P BR N A 2. L Ah,
B HLEE A TF MUY RE KNG, E— BT S
SRR SO AR IR T & o I 0 B B s, B0 IE
T HH3DEDA 4 %501

1 GRTALBP-I |5 iR

FEXGAREFL LR T, W — S5 T 1] (9 26 A5 1AL
PRIt AL, fedq AL b oy Fo AN R 28 2 1) T e
I F R AT A . Mk, AR LT B LR A B AR
FEAF [F) 15 A B () R0 TP B, X ke e 2 4
TR, e T RENFAZE, TAm
S B 45 1 BF )t B 4200 T A e I, ORI R
24 4 i (1 AR P AR AN TR D R AR

UL b FE VR TR 2 e T 4R ko
GRTALBP-TE 7 H#iid . 123 AL AR, B
386 G kG FEALAE N, AN A A 44 B S bR 75 5K
DEAFRBMHEN. T AaBER, 45
ln), AREM A R B 2R R S5 A SR F LSS
NEFAEN, HALE AT LS B AR B v
CENUER s NI SR 52 P I S e 2 S S
BT AHLE ABUL S Fe 2 A J5 an B 1 FTR

Thz(1,1) j Bl AL

OOO®

THI2,1) j Bl A3

OO OB ®

1o, O®®

i Hl#s N386

HLEs N2! TA7(2,2) gr Hlas N4

TA7(193,2)

K1 HLE AN XGA R Z AT =)
Fig. 1 Robot bilateral assembly line layout
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Table 5 Effectiveness of verifying HH3DEDA high-level

policies

; CTis HHGA HHEDA HH3DEDA

NN RN NN RN NN
12 5 05686 0.75 0.6502 1.10 0.8717 5.75
12 6 04950 1.20 0.6074 290 0.8117 6.30
12 8 0.5958 0.80 0.68376 0.95 0.8259 6.50
12 9 0.5500 1.70 0.6147 2.20 0.8971 6.85
16 15 0.5383 220 0.6367 2.75 0.8633 5.70
16 16 04210 1.50 0.3836 1.50 0.7683 5.95
16 20 0.3917 1.85 04083 3.50 0.7774 4.60
16 21 04093 1.70 05467 270 0.8267 4.80
24 20 0.3705 1.50 0.6887 1.70 0.8473 5.35
24 25 04210 2.00 0.6234 3.00 0.7833 6.10
24 30 03167 1.15 05870 2.80 0.8219 5.85
24 40 03933 1.00 0.6650 235 0.8852 5.20
65 326 0.5233 2.10 0.7905 2.40 0.5850 3.50
65 381 0.5017 220 0.5258 3.10 0.7049 4.65
65 435 03469 140 0.7533 2.70 0.8774 3.80
65 490 0.6011 225 0.6371 3.25 0.8302 5.45
65 544 04619 190 0.7345 3.20 0.6825 345
148 255 04667 130 0.6783 2.80 0.8130 4.10
148 306 0.5683 235 0.5800 2.10 0.7605 3.95
148 357 03643 1.10 0.7348 290 0.8017 4.05
148 459 04750 1.80 0.7683 3.10 0.6412 2.90
148 510 0.6866 2.45 0.6414 3.00 0.8266 4.50
205 1888 0.6178 2.50 0.6150 2.40 0.7333 3.30
205 2266 0.5417 1.50 0.6726 1.90 0.6000 3.15
205 2454 0.5867 1.40 0.4800 1.30 0.7583 2.25
205 2643 04367 1.50 04250 1.70 0.7476 3.50
205 2832 03476 1.00 0.5033 1.60 0.8250 2.70

t# 5 al &N, HH3DEDA £ 464 K #4545 _E i)
TR 45 51 #8048 T HHEDA Al HHGA, b5
ilE T 3DEDA {4 = /= 5 A &t . Sibr b
3DEDA Fl EDA iX 283 T 8 e B AL (1 55005, W AE
— B PR b e GA X AL G b A B b kA
FE (K0 B e 2R 1 i B, 3DEDA X T
WHLEDAT &, 7 LAA RG] F HAHAE 24N 5 & =X
AR BT R R RS R (R TR E AT B, TR T DT B
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Table 6 Algorithm comparison results

ITLBO IMMOGLS  HH3DEDA ITLBO IMMOGLS  HH3DEDA
no s Ty NN RN NN RN NN| cTis RN NN RN NN RN NN
125 02236 085 00417 025 09272 625| 65 435 0.1407 070 0.0704 025 0.9608 5.75
12 6 00200 0.5 01567 0.75 09667 7.65| 65 490 0.1163 040 0.0867 025 09337 525
12 8 0 0 0 0 10000 6.65| 65 544 0.1517 045 00951 040 0.8491 6.05
12 9 0083 035 0 0 09714 630 148 255 0.1542 055 0.1128 0.60 09163 7.45

16 15 02238 090 0.0446 025 09628 7.45| 148 306 0.1704 0.45 0.0925 040 0.9656 6.55
16 16 0.0982 055 0.1256 045 0.8871 6.30 | 148 357 0.1867 0.60 02232 1.00 0.8917 6.05
16 20 0.0750 0.10 0.0350 0.10 09475 635 | 148 459 0.1918 090 0.1117 0.40 0.9408 7.95
16 21 02021 050 0.6667 0.20 09626 840 | 148 510 0.1480 0.60 0.1143 045 09251 7.15
24 20 0.1546 0.65 02154 0.60 0.8833 6.40 | 205 1888 0.0338 020 04771 2.00 0.8492 3.85
24 25 0.1045 050 0.1621 0.60 0.9076 6.10 | 205 2266 0.0063 0.05 0.3267 0.65 0.8583 3.45
24 30 0.0767 030 0.0238 0.10 09900 5.70 | 205 2454 0.1125 0.15 02775 1.05 09150 3.55
24 40  0.0183 0.10 0 0 1.0000 535 | 205 2643 0.0500 0.10 0.1042 0.25 09691 4.20
65 326 0.1617 0.65 0.1280 040 09717 6.10 | 205 2832 0.0500 0.05 0.0792 0.25 1.0000 4.85
65 381 0.0708 0.30 0.0712 035 09733 6.85

120 & ¢
% = S, e HH3DEDA
Sm e HH3DEDA ) =[TLBO
4o 1121 ¢ = [TLBO o 7 *IMMOGLS
% . +IMMOGLS %, . - .
Pl ” = 2.
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3= * 20 ’ .
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Fig. 7 Each algorithm solves n=16, CT=16 and obtains the Fig. 8 Each algorithm solves n=148, CT=357 and obtains
schematic diagram of non-dominated solution the schematic diagram of non-dominated solution
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