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A TZBM-Based Algorithm for Flow Shop Scheduling Problem Considering the Decision Maker’s Preference

Tetsuo SAWARAGI, He Xu, Yajie T1aN, Yukio HOrRIGUCHI and Jidong REN

Synopsis : Nowadays steel manufacturing pays a critical attention to on-time delivery and inventory reduction. In our study, we propose a heuristic algo-

rithm to solve the hybrid flow shop scheduling problem (HFSP) considering reducing total tardiness and inventory time. In order to achieve a
feasible solution in limited computational time, the algorithm is based on Three-zone Buffer Management (TZBM) approach. TZBM ap-
proach combines the Drum Buffer Rope (DBR) method proposed in theory of constraints (TOC), with a contract net protocol in multi-agent
system (MAS). The effectiveness of the proposed algorithm is shown by simulation results comparing with the results obtained by a Tabu
search (TS) algorithm. In the production field, a shipment buffer is set between the due date and the shipping time in order to avoid possible
late shipment. The size of shipment buffer is always decided according to the experience of a system operator who has responsibility to draw
up a production schedule. Wherein, an operator needs to take a decision considering trade-off between on-time delivery and inventory reduc-
tion. Therefore, a new interactive decision support system is proposed which is based on the two-stage TZBM approach. The operator needs
to make his/her judgment whether an optimal solution shown by the system is preferable or not, then to change the trade-off between the two
conflicting objectives. The system needs to compute another optimal solution according to judgment given by the operator. Under the result
of numerical experiments, to integrate the experience of operators with the computational intelligence of systems proves to be an effective

scheduling method.

Key words : production engineering; hybrid flow shop scheduling problem (HFSP); theory of constraints (TOC); three-zone buffer management (TZBM);

interactive decision support system.
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Fig. 1. Estimated start and completion time.
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Fig. 3. TZBM approach.
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Fig. 4. Two stages of TZBM approach.
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I Sprocesses 100jobs In 132 1102
ger . eger -
ccale 10processes lOOJ'Dbs of 810 1‘._)2{_) 133?
20processes 100jobs 1303 2263

Table 2. Experiment data of TS.

- Computation time
Data | Benchmark problem D, Tx3(Sec.)
3 207ob: 303 18
processes 0]? 3 3
ccale 10processes 20jobs 344 13
20processes 20jobs 1399 192
. Jprocesses S0jobs 609 483
middle e -
ccale 10processes 30jobs 875 1683
20processes S0jobs 1482 3306
a Jprocesses 100jobs 326 6763
S‘i‘i‘; 10processes 100jobs| 1079 27405
20processes 100jobs 1528 18588
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Table 3. Comparison of total tardiness Dr.

Total tardiness of relared due date
Data | Benchmark problem Proposed| TS T I T
T T=05 | T=1.0 | T=1.5 | T=3.0
sl Jprocesses 2Q|f)bs [ 0 0 0 0
scale 10processes 20jobs 0 0 0 0 0
20processes 20jobs 0 0 0 0 0
. Jprocesses J0jobs 0 2 22 22 22
middle e
scale 10processes 30jobs [ 98 30 70 70
20processes S0jobs 0 13 14 14 14
Sprocesses 100jobs 0 11 8 8 8
]:ii 10processes 100jobs 0 43 43 39 19
20processes 100jobs 0 2 2 0 0

Table 4. Comparison of variation of inventory time.

Variation of inventory time

Data | Benchmark problem | Proposed | T3 T3 T3 T3
T T=0.5 | T=1.0 | Tx1.5 | T=3.0

Sprocesses 20jobs 334 357 299 299 | 299

ZZ]: 10processes 20jobs 482 433 435 433 404

20processes 20jobs 603 447 447 447 447

. Jprocesses S0jobs 4935 438 438 | 438 | 438

m‘sg‘ile" 10processes 30jobs | 461 sa1 | s01 | s46 | 546

20processes 50jobs 697 709 00 | 709 | 709

ager Sprocesses 100jobs 666 682 742 742 742

s@gale 10processes 100jobs 199 833 833 763 819

20processes 100jobs | 918 953 933 | 967 | 967
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Fig. 5. Search process of solution space for the proposed
method.
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Fig. 6. Desiring level of the operators A and B.
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Fig. 7. Process of dialogue with operator A.

PR U7z, (609,495) & DI R A s 728, Alddim etk
PISES mv, XIS, ABEERBEIXS D2, 28 2%
TWETELIDONERB720DIC, A4 2 28V MSE K
PRETHIEICL T K e FE A, ARAKHER £5,=50%
(>23.6%) IZFHEEL TRAL 72458, (622,408) /R &/,
A13(622,408) % (609,495) L I L, A4 & Z/8 MSDHE
bk D HEREBIE D& [ ARELWFE SN2 720, il
IR E B o7z, 2O, AFFERIERNIE S D & [, D
FNRNTDTHD, A4 7 230 MSOENEE AP 50
20V a—MREFRLED B L, 23.6% & 50% DED

£=40% (>23.6%) IZ i sKAKHE A AL L | BB L 22/ 1
(625,436)TdH - 72, Al (625,436) % (622,408) & [LiE L, il
HE 2 k5727280, Wk TELS Ko7z, /2,
AlFTRES < 23.6% & 40% DI R WER R LN LN EH
Z, 40% & 50% DD f1=45% (>29.3%) 1= 7 RAKHE % 74
LT, B L 7213 (627412) TdH - 72, Al (627,412)
% (625436) L L, A A 2 280 MSDHEAL & b {EER
IS D2& [ MRELEE SN2, WERIIZE
Kolz, EHRBIBGENDENVEEZEL, AlZAA 2 2NNV
MSOFIEIZFT B RGE#42 T S8 72, &RIC, EHAEA
W BRI B B (622,408) & (627,412) D 2O DR K D |
(622,408) % ik Bl /£ 9 B & L CRINL 72,

FHEB E OO KEE % Fig. 8I1Z8#T 5. B
AR f=65% D at Hfif (641,394) & i e fif & L CGEM
L7,

TRSFREROEREZEA &) 27 BAOEHEZEBDZFNE
d, YATLEONEEMLE T, MEGHIO Y 2 7 LI K
25 U 7= iR (609,495) K 0 R L, F il
BUZA O il (622,408) & (641,394) %1345 Z &N T X 72,
Ak FELOFEBETIE, ¥ AT LEAZO SR Ml —
il LT, HarEsEsy 2 fEHER 01X 6 D & K BT
NETHDLELTOIRUATD ZFE T 24, WEEDOE
FBIRBANGE D BN A E T 254 & [H—D FIETHE
TATRECd 5, BUAFBRIC K O, XFEEARE R P e AR
BEITHEEHELOND,

45

550 1 Variation of inventory time
522 1

Optimal solution
494 1

A Y
466 AY
hY Procass ofdialogus
A with operater B

438 A A

T a=55% A

- M=

fua=65% Makespan
382 v - v - r

599 627 655 683 711 739

Fig. 8. Process of dialogue with operator B.
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