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1 Forbidden sets and maximum uts
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� F � V forbidden set of ativities:
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� A � V ative set for given shedule S and resoure k:
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� A ative set i� A is antihain in O
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� Requirement
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� Shedule S hangeover-feasible only if no ative set is forbidden

� For eah k 2 R �nd ative set A
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How to �nd an ative set with maximum requirement?

� Split nodes i 2 V
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� Proposition (M�ohring 1985).

Maximum (0; n + 1)-uts C in G
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� Any path from 0 to n + 1 is ut exatly one

� Set U := fi 2 V
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� Set U oinides with ative set A

k

(S) of maximum requirement
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2 Breaking up forbidden sets

� Given forbidden set F , B � F minimal delaying alternative for F if

. F nB is not forbidden

. F nB

0

is forbidden for any B

0

� B

� Breaking up forbidden set F = A

k

(S):

Introdue disjuntive preedene onstraint
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between set A := F nB and minimal delaying alternative B

� Minimizing f subjet to temporal and disjuntive preedene onstraints an be done

in O(n

2

� +min[n; �℄d� log n) time
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3 Shedule-generation sheme

� Resoure relaxation

Minimize f(S)

subjet to S
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� Shedule-generation sheme

01 Solve resoure relaxation: shedule S

02 Determine A

k

(S) for all k 2 R

03 IF no A
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(S) forbidden THEN stop (� shedule S is feasible �)

04 ELSE branh over minimal delaying alternatives B for set A
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06 Selet one enumeration node and GOTO 01
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Example (ntd.):
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4 Computational experiene

� Testset: 360 instanes with 10, 20, 50, 100 ativities and 5 resoures eah generated by

ProGen/max

� RF = 0:75, RS 2 f0; 0:25; 0:5g, OS 2 f0:25; 0:5; 0:75g

� #

k
ij

� 0:25p

i

, variation oeÆient v � 0:75

� Objetive funtion: Projet duration S

n+1

� Pentium PII with 333 MHz and 128 MB RAM

� Branh-and-bound algorithm in C with time limit of 100 seonds

p

opt

p

uns

p

feas

p

unk

�

LB

n = 10 76.67% 23.33% 0.0% 0.0% 6.34%

n = 20 65.56% 27.78% 6.67% 0.0% 6.59%

n = 50 28.89% 21.11% 40.00% 10.00% 8.84%

n = 100 15.56% 14.44% 44.44% 25.56% 7.07%

WI R

ECCO XV, Lugano Projet Sheduling with Sequene-Dependent Changeover Times 8/9



5 Conlusions

� Summary

. Relax resoure onstraints

. Cheking hangeover-feasibility of a shedule: minimum ow problems

. Maximum uts provide (forbidden) ative sets

. Break up forbidden sets by disjuntive preedene onstraints

� Future Researh

. Loal searh proedures based on onepts presented

. Material ows between sites: Cumulative resoures and transshipment problems

. Stohasti durations/hangeover times

� Replae shedules by strit orders O, starting with O = ;

� Chek hangeover-feasibility of strit orders O by omputing maximum uts

� Expand strit orders O by pairs (i; j): preedene onstraints S

j

� S
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