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Abstract: Focusing on hybrid flow shop robotic cells scheduling problem withQblocBing, for optimizing simultaneously

1on rule was proposed for obtaining feasible

robotic operation sequence and part input sequence, a branch and bound @@ proposed. Firstly, robotic activity was

defined to transfer double sequence into single sequence. Secondly, @

solution. Finally, according to the order insertion rule, bggnchif

function got by branch and bound method was the s

was designed. Stochastically generated instances

CPLEX; but compared to CPLEX, the average computation

were computed by CPLEX and branch and bound method. were three tanks in robotic cells, the value of objective
that

time was reduced by 38.58% .

the computation time did not exceed 600 s

So the branch ai

solution. It means that the branch a
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ethod®Wwas effective. When the number of tanks exceeded three and
pared to CPLEX, 85.19% of instances could be found out better
ethod is more valuable, especially for big scale problems.
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Fig. 1 Schematic diagram of construction process of
feasible robotic activity schedule
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Tab. 2 Number comparison of theoretical solutions and feasible solutions

nxm nx(m+1) — UEPEIS S
TR BIRR
5x%x2 15 768 >8E10
5x%x3 20 168960 >1E17
5 x4 25 136195632 >1E23
4x2 12 96 >3E07
4 %3 16 7098 >1E12
4 x4 20 1476900 >1E17
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YRS HMREIA B R B EL LA, Wil

5 HRILK

DA 36 A 3T ) 44 2 194 43 32 %€ 5 ( Branch and Bound,
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CPU@ 3.20 GHz, §f7h 8 GB WIFE T84T, ifTiE AL
IRy CPU AtE], & 1E25#FR CPU B E] 600 s,

ASE SR [17] B HIE BT Roa, ; HEEH, A
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RIF/YET n N4 560 ,m K340, EHL(BB)
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5AER, BAEFIEFERIZEFT 10 W, BRFTHE I E R
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AEE£ B A I () SR AR B AR , ELNEE LA AR B £,
TR AR IESE T BEEM AR,
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Tab. 3 Comparison of computation time and objective function value of

two algorithms with different m

CPLEX BB CPLEX BB

" T cI/s T Cr/s| T CIvs T CT/s
JAP1 334 0.12 334 0.05 Jap1 382 0.17 382 0.09
JAap2 419 0.31 419 0.03 Jap2 427 0.33 427 0.16
JAP3 415 0.17 415 0.01 JAP3 437 0.20 437 0.17
JaP4 369 0.31 369 0.01 JaP4 369 0.20 369 0.21
JAP5 402 0.27 402 0.02 JAP5 429 0.24 429 0.24
J5P1 459 0.30 459 0.29 J5P1 490 0.41 49011.76
J5P2 532 0.20 532 0.16 J5P2 532 0.51 532 3.55

3 J5P3 528 0.34 528 0.08| 4 J5P3 528 0.42 528 1.92
J5P4 461 0.20 461 0.08 J5P4 475 0.34 475 2.06
J5P5 471 0.98 471 0.04 J5P5 501 0.59 501 5.80
JoP1 541 1.15 541 6 J6P1 567 6.55 567 85.33
JoP2 646 2.28 1. JoP2 646 10.06 646 30.90
JoP3 617 1.6@ .21 J6P3 619 4.02 61995.54
1.47 0.56 JoP4 549 4.51 54946.32

J6, 3 548 0.96 JoP5 587 5.04 587 34.65

PR T ne [7,15] HoAE R m e [4,20] Hou B4k

B ka7 10 IR BOFE B R A-F-34 B AR s S E AT
Bo
Fe B3k 81 MR, CPLEX 43 T 14 MR HIR AT,
i HE 17, 28% , BEEBBIIEAE K, £r 45 R i A O R BESR A T
o s Mo S R BE®RGA N T B A B 618 T 4T ## . CPLEX 43
TGRS, 3N =T,m =4 HMn =8,m =4;
DERBELEE T n =7,m = ARG BIAR BT
% BB AW EG], 250 =T,m =4 Fin =
7,m = 8, RO EFBEIHEARSL T CPLEX, BHREE, /b
AR i, CPLEX BR AR ARG B = T S0 R E %,
HRPBE K, 50 30E R BHIBRE T CPLEX, L, 7
JRRF S8 A BLIA L 69 53 32 58 SR TR B SRR MU ) R Y
BEH.

6 iz

ASCET R B ZE R AR L AR A TRl i 2. R BE 17 AL, 1 A
DA AIE SR LA LImF ML B 13 IRF & —h—,
YRR R N — SRR R, T R R
T TIF FBLES A BT , 32 5 T 00U 3 AL 4
TR LUBUFIA SN 2R, MR T 0 & A B, &
WA BEYLA B IR, 7SS BT T CPLEX £
SRAGRAVE N ERS EA LS JEERBTFE AT U LA T P T -5
JE— BB SO R BRI AR A T R T LR S
FEERCR; —RA AT R A E T8, 80 E RRE
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Tab. 4 Comparison of computation time and objective function value of two algorithms with different n
CPLEX BB CPLEX BB CPLEX BB

Rz r o |t 1 cws r ocrs |0 T cs T Cl/s
4 669 31.73 669  428.56 952 600.00 980  600.00 4 1261 600.00 1418 600.00
6 776  600.00 980  600.00 6 1144 600.00 1239  600.00 6 inf 600.00 1594 600.00
8 1084 600.00 1060  600.00 8 inf 600.00 1530  600.00 8 inf 600.00 2135 600.00
10 inf 600.00 1484  600.00 10 inf 600.00 1968  600.00 10 inf 600.00 2524  600.00
7 12 inf 600.00 1667  600.00 | 10 12 inf 600.00 2220  600.00 || 13 12 inf 600.00 3007 600.00
14 inf 600.00 2119  600.00 14 inf 600.00 2674  600.00 14 inf 600.00 3585 600.00
16 inf 600.00 2484  600.00 16 inf 600.00 3209  600.00 16 inf 600.00 3847 600.00
18 inf 600.00 2840  600.00 18 inf 600.00 3501  600.00 18 inf 600.00 4529 600.00
20 inf 600.00 3260  600.00 20 inf 600.00 4439  600.00 20 inf 600.00 4732 600.00
4 724 124.88 768  600.00 4 1046 600.00 1185  600.00 4 1444 600.00 1466 600.00
901 600.00 963  600.00 inf 600.00 1419  600.00 inf 600.00 1687  600.00
inf 600.00 1343  600.00 inf 600.00 1869  600.00 inf 600.00 2132 600.00
10 inf 600.00 1518  600.00 10 inf 600.00 2127  600.00 10 inf 600.00 2662 600.00
8 12 inf 600.00 2043  600.00 || 11 12 inf 600.00 2517  600.00 || 14 12 inf 600.00 3573 600.00
14 inf 600.00 2262  600.00 14 inf 600.00 3167  600.00 14 inf 600.00 3776 600.00
16 inf 600.00 2581 600. 00 16 inf 600.00 3417  600.00 16 inf 600.00 4499 600.00
18 inf 600.00 3160  600.00 18 inf 600.00 3735  600.00 18 inf 600.00 4966 600.00
20 inf 600.00 3575  600.00 20 inf 600.00 4466  600.00 inf 600.00 5537 600.00
4 867 600.00 973  600.00 4 1230 600.00 1261  600.00 4 Q1512 600.00 1567 600.00
6 1009 600.00 1105  600.00 inf 600.00 1663  600.00 D inf 600.00 1860 600.00
8 inf 600.00 1357  600.00 inf 600.00 1870 .00 8 inf 600.00 2234 600.00
10 inf 600.00 1725  600.00 10 inf 600.00 24 *+ 10 inf 600.00 2845 600.00
9 12 inf 600.00 2060 600.00 || 12 12 inf 600.00  2@17 L0015 12 inf 600.00 3726 600.00
14 inf 600.00 2574  600.00 14 inf 600. 600. 00 14 inf 600.00 4228 600.00
16 inf 600.00 2779  600.00 16 inf 6 46 600.00 16 inf 600.00 4578  600.00
18 inf 600.00 3507  600.00 18 i 600. 4213 600.00 18 inf 600.00 5277 600.00
20 inf 600.00 3761 600. 00 2 6(%. 4528  600.00 20 inf 600.00 6052 600.00
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