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What are scheduling problems

» Allocation of tasks to alimited set of
resources such that the measure of schedule
quality is optimized.

» Examples,

— Time-tabling of {ambulance crews, lectures,
etc}

— Batch manufacturing of discrete products
{'consumer products, ship-building, cars, etc}
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Manufaduring case

» Recave ordersinred-time or for the
current production period

» Demmpose the Bill of materials for ea
order.

* Defines minimum tempora reguirements
and quantities of raw materials.

» Objedive
— Minima makespan; waste; tardiness
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Two views of scheduling
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Clasgcd technique —
badtracking

 Search algorithm suggests the sequence of variablesto

Classcal Solutions to Job-shop
benchmarks — Makespan minimization

compose asolution. Reseach | Algorithm | 10x10 20x5

» Eacdh new variable adds anew search state, Balas (69) B&B 1177 1231

corresponding to a new more complete partial solution. Moiaon 5| B&B 972 1168

» Processrepeats until asolution or dead-end stateis
encountered Baker (85) B&B 960 1303
— DEAD-END statesimply a state from which a solution

cannot be reached without violating a constraint ABZ (88) |Bottleneck 930 1178

EACK TRACKING ey to g e Cala @9 | 888 | w0 | 1w
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GA Scheduling Example Job-shop task definition

e Problem definition
—'J" jobs, ‘m'" madines, where each job consists
of an ordered sequence of tasks, ‘t’.
* Objedive — minimize makespan to
manufadure the jobs whil st satisfying
delivery dealines.

- (Fig1)
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Job | (m,t) [ (m,t) | (m,t) | (m,t) | (M, t) | (M, )

3113 |26 | 47| 63| 56

2,8 | 35 (510|6,10|1,10| 4,4

3514468 | 19| 21|57

25115 |35 | 43| 58] 69

391 23|55 |64]| 13| 41

oO|Aa| b W|IN|F

2,3 14369 110| 54 | 31
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Dired Encoding

* Individua represents the schedule

Job#l Job#2 Job#3
—{{ 20, 35,59,{60,90, 172} {2, 75, 81},...}
Task start times

— Madhine dlocation performed by task matching

— Very difficult to design crossover and mutation
operators capable of preserving afeasible
schedule.
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Permutation Based Encoding
(PBE)

» Consider a3 machine, 2job problem —ead
job having 3 tasks
=1, 31y, I, 324, 32, J2,
» Contents of an individual now simplifiesto,
-J1,32, 32,0, R
» Schedule builder interprets this as,
— 01,32, 32,5, Iy, Jg, J25
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Mutation for PBE

» Two passhiliti es
— Random flipping of ajob-task to a different
job-task + swapping the partnering job-task to
maintain avalid schedule.

— Ignore the problem and deal with it at the
schedule loading stage.
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Crossover and PBE — 1

M Parent #1 Parent #2

#11J1|J2|J4(J3|J5|J3|J5(J4|J2|J1

#2133(J1|J2(J5|J4|J4|J3|J35|J1|J2

#3135(J41J1(J2|J3|J1|J2|J3|J5|J4

Initial candidate parents
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Crossover and PBE —2

Crossover and PBE — 3

M Child #1 Child #2

#11J1(J3|J4(J5(J2|J2|J3|J4|J5|J1

M Child #1 Child #2
#11]J1 Ja Ja J1
#2 J1 J4 | J4 J1
#3 J4 |J1 J1 J4

#21J3(J1|J5(J2|J4|J4|J3|J2|J1|J5

Randomly seledt ‘m’ jobs which will remain fixed —J1, 34
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#31J2(J4|J1(J3|J5|J1|J5(J2|J3|J4

Fill i n the remaining jobs in Child #1 (#2) using the “freejobs’

from the rows of parent #2 (#1)
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Indired Encoding

 Consider an encoding of the form,
—abcdef ... (wherethisisasequenceof integers)
* Interpreted as,
— schedule the next task of the at" unfinished job

— schedule the next task of the b™ unfinished job
— Etc

» Unfinished jobs are summarized in acyclic list,
— E.g. 8" unfinished job inthelist J1, J5, ¥ is b
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GA solutions to Job-shop kenchmarks —
Makespan minimization

Reseach 10x10 20x5
Nakano (91) 965 1215
Y amada (92) 930 1184

Croce (92) 946 1178
Dorndorf (93) 938 1178
Atlan (93) 943 1182

Fang (94) 939 1165
Mattfeld (94) 930 1165

Ono (96) 930 1165
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Indired Encoding on Benchmark
Problems — Average Tardiness

Problem | EMOD| SPT | EOD | MST GA

#1 16 16 16 20 13+

#2 26 28 26 29 24x*

#7 18 19 22 16* 17

#10 25 30 31 46 24x*

#12 25 31 32 35 25*
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Summary

By concentrating on the representation
isaues, the operation of the search operators
is smplified.

* In comparison with deterministic methods,
GA methodis bath computationally faster
and cgpable of finding equally ‘optimal’
solutions.
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