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A set ofe jobs are to be processed in a seriesiotages
optimizing a given objective function.

A Parallel machine scheduling (PMS) problem
U Key decision: allocation of jobs to machines

A Flow shop scheduling (FSS) problem
U Key decision: sequence of jobs through the shop

Main decisions:

To assign and to schedule the jobs to the machines in each
stage.



A Standard problem:
" all jobs and machines are available at time zero,
machines at a given stage are identical,

any machine can process only one operation at a time

and any job can be
a time,

setup times are neg
preemption is not al

HFS

orocessed by only one machine at

Igible,
owed,

the capacity of buffers between stages is unlimited ,
and problem data is deterministic and know In

advance.
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A Characteristics of HFS variants:
i The number of processing stagess at least 2,

i Each stagéhasi P machines in parallel and in
at least one of the stagas o}

i All jobs are processed following the same production
flow: stage 1, stage 2, ..., stage A job might skip any
number of stages provided, it is processed in at least
one of them,

i Each jobCequires a processing timg in the ' Q We
shall refer to processing of jo@n the stageQas
operationg
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A Application:

I Manufacturing:
Aelectronics, paper, textile, photographic film, others.

I Non-manufacturing:

Acivil engineering, internet service architecture,
container handling systems.
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AStandarddlJNR 6 f SY G0 SYLJ

1 if job j on stage k is scheduled in machine [
M 0 otherwise ;

1 if job j precedes job r on stage k

X jrk = ]
0 otherwise

minimize Z

s.t.

Z 3 ij-: vjj

MK
E o =1,%0j,k)

M(E)
Cik — Cjk—1 = E Y;HP;R »(J k)

Q2 —Yju — Yo + Xjg) + ¢jr — € = Py 7(J, k, 1, q) such that j <r
Q3 — Yju — Yo — Xjgr) + cop — ik = P> ¥(4, k.1, q) such that j <r
Yim € {0,1}, Y(5, k1)

Xjre € 40,1}, V(4. ¢, k)
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‘Qidentifies a jobghchotB )
‘Qidentifies a stagéphchotB h )
a a machine of a given stage
N : processing time required by jo@n stage’Q
o : completiontime of job 'Gn stageQ® 1)
@ objective functionQi Q OHTQ N 6 @wax QQ
W AN QM ANOE Q1 ODEOHOE Qi Q
QMiT ¢ O QAREENS VQi ) wE
(0): guarantees that all operations are assigned strictly to one machine at
each stage

(1): restrict the starting time of operartiofi to be greater or equal to its
release time from previous stage

(L) & (@): prevent any two operations from overlapping in a common
machine

X), (W), (9):define the domains of the decision variables



Solution approach
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A ERMA1

MRS

Mathematical farmula.tmn ERMAT

Variables:

Objective:

Constraints:

|

n, the number of jobs, T R
k, the number of sta.ges, -

MY, ¢ =1,..,k, the number of machines at stage ¢,

pf”, z‘ =1,..,n,&=1,..,k, the processing time of job J;

at stage ¢,
a, a=0,..,1, a weight.

Xigani b Yan we Y 0% g’y 0k
boolean variable, equal to 1 if job J; is processed in po-
sition j on machine M, at stage v, 0 otherwise,

C,-m., t=1,.,n{€=1,..k, the completion time of job
Ji at stage ¢,

Cmaz, the makespan.

C, the sum of completion times.

Minimise G.CT + (1 = Q)Cmax

Ariv) g

% Xitmo =1,V¥i=1,.,m, Vo=1,..k

m=] =1
n

Y Xitmp SLYM=1,., M, vo=1,.k,
i=1

VE=1,.

s Z Z(X,',,m o % P8+ Xiuimo e 1) 5 HVY),

{=1j=1

Ym=1,.., Mf”),vu =1,.,kVi=1,..,n,
Vu=1,.
C’M > C{”"n +p(") Va = Y Vo=, .k

Cma.: C{k) Vi = 1 ey T

C Zc(k)
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(D)
(E)
(F)

I

R A — [Riane et al., 1997]
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A ERMA1

I (0): express the fact that the jobs must be processed
at every stage

i (0):imply that there is at most one job in position
on each machine

i (0) &(O): enable us to calculate the completion times
at each stage (both routing and disjunctive contraints
on the machine)

i (O & (Q: define the criteriad  andd™

i ("Q: express the bound on the criterian  for the
solution sought
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A ERMA2



