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Genetics-Based Machine Learning Approach for Flexible Shop
Scheduling Problems: Rule Acquisition for Real-time Scheduling

KAZUTOSHI SAKAKIBARA," HISASHI TAMAKI, "t HAJIME MURAO'
and SHINZO KITAMURAt

In this paper, we deal with an extended class of flexible shop scheduling problems, and
consider a solution under the condition in which information on jobs to be processed may not
be given beforehand, i.e., under the framework of real-time scheduling. To realize a solution,
we apply such a method where jobs are to be dispatched by applying a set of rules (a rule-
set), and propose an approach in which rule-sets are generated and improved by using the
genetics-based machine learning technique. Through some computational experiments, the
effectiveness and the potential of the proposed approach are investigated.
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(a) Shop-floor’s view (Product flow)
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(b) Operations’ view (Technical order)
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Fig.1 Example with 6 machines, 3 jobs and 9 operations.
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Fig.2 Procedure for generating a schedule.
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Fig.3 Outline of the Pitt approach.
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Table 3 Results of computational experiments.

GBML GA CPLEX
E, 50.0 (70, 30) 50.0 (70, 30) 50.0 (70, 30)
E; 78.5 (151, 6) 77.5 (155, 0) —
Es | 2971.0 (4450, 1492)  2771.0 (4395, 1027)

* In the parenthesis, two kinds of sub-objective functional values

(21, z2) are also shown.

01 0D0o0oooooo
Table 1 Examples of the problem.

NM  NY N (w1, wa)
E; 6 6 18 (0.5, 0,5)
Es 12 9 45 (0.5, 0,5)
Es 11 70 219 (0.5, 0,5)

02 0000ooOoooooo
Table 2 Setting of the parameters.

Population size n, 100

Number of generations ng 5000
Mutation rate pp, 0.1/individual
Number of rules n, 50
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Table 4 Computational time [s].

GBML GA CPLEX
E, 1.00 0.42 482.74
Eo 4.40 3.64 —
Ej 68.68 39.24 —
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Table 5 Number of rules applied for scheduling.

Eq Eo Es
Number of rules 6 8 7
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Fig.4 Weight of attributes associated with operation.
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06 O0OD0OD0ODOOOODOOO
Table 6 Robustness of the obtained rule-set.

Ratio of the obtained value to the best objective
Maximum  Minimum  Average Std. Dev.
cE 1.29 1.04 1.09 0.06
&x 1.18 1.01 1.07 0.05
&x 1.31 1.07 1.16 0.07

000000000000 000000000000
D000D0EEDDDDUDDODUOOnnERE O
00 & 0000000 GADDODODOODOOOD
000000000000 00000D0 60000
0O6000000000000000

e £00DDODDDODODODOD100O00D0

00000000000000000
o0Doooooooon

e ¥ 00D EFDDUDOUD GADDOIDOOD

000000000 OooEEnnooonoono

oooooDoog
00000000000000000000000
00000000000 0000000000000
000000000000 0000000000
000000000000 D00000000000
00000000 GBMLOOODO GAOOOOOD
00000000 00000000000000000
00 GBMLODOOOODOOOOOOOOOOOO
00000000D0000000000000000
0000000000 00000000000000
O0DO0& DDDoDoooD GADOODOOO
000000000000 30% 0000000000
000000000000000000000000
000000000000000000000000
00o000000O0ODO0oO0O0ODooo

6. O 0O0O4Q

ooboobooooooooooboooooboooon
gobooooboOooooooobooooobDonoo
goooobobooooooooboboooooDon
goboobooooooooooooobooboooo
oooo0oO0oooooooo GBMLOOOOOO
gooooboooooooboooobobooooobooo
goooooooo
gbobooodoooobooboooooooo
OablOO0O0O00O0COOOOOOOOODOOO0OO0
gooooobooboooooboooooooooon
goooo
ObhOOOOOOOOOOOODOOOOoOOOOOO



98 goooooooooooooooooo

gboboobooooooooooooooo
cobOOOOOOOOOOOODOOOOOOOOO
ooo

g 0 0 0O

1) Pinedo, M.: Scheduling: Theory, Algorithms,
and Systems, 2nd edition, Prentice-Hall (2002).

2) Blazewicz, J., Ecker, K., Pesch, E., Schmidt,
G. and Weglarz, J.: Scheduling Computer
and Manufacturing Processes, Springer-Verlag
(1996).

3) Shaw, M.J., Park, S. and Raman, N.: Intelli-
gent Scheduling with Machine Learning Capa-
bilities — The Induction of Scheduling Knowl-
edge, IEE Trans., Vol.24, No.2, pp.156-168
(1992).

4) Shafaei, R. and Brunn, P.: Workshop schedul-
ing using practical (inaccurate) data Part 1:
The performance of heuristic scheduling rules
in a dynamic job shop environment using a
rolling time horizon approach, Int. J. of Pro-
duction Research, Vol.37, No.17, pp.3913-3925
(1999).

5) Shafaei, R. and Brunn, P.: Workshop schedul-
ing using practical (inaccurate) data Part 2:
An investigation of the robustness of schedul-
ing rules in a dynamic and stochastic environ-
ment, Int. J. of Production Research, Vol.37,
No.18, pp.4105-4117 (1999).

6) 0000000 00O0O0 ODO0OO0OO0OOO0OO0
gooooooooUooooopoooooog
O00000oooooooooooooooog
000 COVol.123, No.4, pp.823-831 (2003).

7) Sakakibara, K., Tamaki, H., Murao, H. and
Kitamura, S.: Mathematical Modeling and Hy-
brid Solution for a Class of Flexible Shop
Scheduling Problems, Proc. Int. Symp. on
Scheduling 2002, pp. 93-96 (2002).

8) Bick, T., Fogel, D.B. and Michalewicz,
Z.(Eds.): Ewvolutionary Computation 1, Insti-
tute of Physics Publishing (2000).

9) Smith, S.F.: A Learning System Based on Ge-
netic Algorithms, Ph.D. Thesis, Univ. of Pitts-
burgh (1980).

10) 00 0O0OO00O0OO0OOOOoOOoooUOoOoOO
Jo0o00oooooooooooonooooog
0J00000oO0o0o00O0oO0oOovVol3ds, No.3,
pp.428-434 (1999).

11) ILOG Inc.: CPLEX 8.0, http://www.ilog.co.jp/
(2001).

(00150 40 12000)
(00 150 50300000)
(00150 100 5 000)

Feb. 2004

oo 00

19750 50 15000199900
gboooooobobooooo
20010000000000000
goooobboooooodzoo10
gooooooocoooooooo
gboooooboooooboooooooooboooooo
0000000000000 oO0/UoOoooooo
oooooooooooboobooboobono
goooooooooooboooboooDo

oo O

19620 120 14000198500
ooooooooooobooobo199
gooooobooooooooooo
gooooooooooooooon
gooooooolgsooooon
goooo199uooooooooocboobooooa
gobooboooboobooooboooboooooooo
goooo0oooO0OoOoO0O0O0mIEEEDOOODO
goooooboobooooooooo

oo a

19690 10 70001991000
oooooboooooood199s 0
goooooocoooooooon
gobooo2000000000
goooboooooooobooboo
2003000000000000000000000
omooobooooooooooobooboooooo
gbobooooboooboboooooooboooono

oo oo

19400 50 31000196300
goooboooooooboooboooo
gooooolseennoooooon
goooooocooooooooo
ooooooooooooboooo
1985 0000199% 0 20000000000000
19970 20000000020000 3000 IJ1998
gooOo0o0ooobooboOoboOo20020 40000
gobooooo0oO0ooO0o0obooooooooooo
goooooooooobodoooobooooooo
goooooooooogoo



