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Scheduling Problems 



HFS 

A set of ὲ jobs are to be processed in a series of ά stages 
optimizing a given objective function. 

 
ÅParallel machine scheduling (PMS) problem 
üKey decision: allocation of jobs to machines 

 

ÅFlow shop scheduling (FSS) problem 
üKey decision: sequence of jobs through the shop 

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



HFS 

ÅStandard problem: 
ïall jobs and machines are available at time zero, 
ïmachines at a given stage are identical, 
ïany machine can process only one operation at a time 

and any job can be processed by only one machine at 
a time, 
ïsetup times are negligible, 
ïpreemption is not allowed, 
ïthe capacity of buffers between stages is unlimited , 
ïand problem data is deterministic and know in 

advance. 



HFS 

ÅCharacteristics of HFS variants: 
ïThe number of processing stages ά is at least 2, 

ïEach stage Ὧ has ὓ ρ machines in parallel and in 
at least one of the stages ὓ ρ, 

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

ïEach job Ὦ requires a processing time ὴ  in the Ὧ. We 
shall refer to processing of job Ὦ in the stage Ὧ as 
operation έ . 



HFS 

ÅApplication: 

ïManufacturing:  

Åelectronics, paper, textile, photographic film, others. 

 

ïNon-manufacturing:  

Åcivil engineering, internet service architecture, 
container handling systems. 



ÅStandard ǇǊƻōƭŜƳ άǘŜƳǇƭŀǘŜέΥ 
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Å Ὦ: identifies a job (ρȟςȟσȟȣȟὲ) 
Å Ὧ: identifies a stage (ρȟςȟσȟȣȟά) 
Å ὰ: ὰmachine of a given stage 

Å ὴ : processing time required by job Ὦ in stage Ὧ 

Å ὧ : completion time of job Ὦ in stage Ὧ (ὧ π) 
Å ὤ: objective function (ὫὶὩὥὸὩὶ έὶ Ὡήόὥὰ ὸέ ὸὬὩ  

ὧέάὴὰὩὸὭέὲ ὸὭάὩ έὪ ὸὬὩ ὰὥίὸ έὴὩὶὥὸὭέὲ ὸέ ὪὭὲὭίὬ  
Ὥὸί ὴὶέὧὩίίὭὲὫȟὭȢὩȢάὥὯὩίὴὥὲ) 

Å (σ): guarantees that all operations are assigned strictly to one machine at 
each stage 

Å (τ): restrict the starting time of operartion έ  to be greater or equal to its 
release time from previous stage 

Å (υ) & (φ): prevent any two operations from overlapping in a common 
machine 

Å (χ),  (ψ), (9): define the domains of the decision variables 
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ÅERMA1 
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ÅERMA1 
ï(ὃ): express the fact that the jobs must be processed 

at every stage 

ï(ὄ): imply that there is at most one job in position ὰ 
on each machine 

ï(ὅ) & (Ὀ): enable us to calculate the completion times 
at each stage (both routing and disjunctive contraints 
on the machine) 

ï(Ὁ) & (Ὂ): define the criteria ὅ  and ὅӶ 

ï(Ὃ): express the bound on the criterion ὅ  for the 
solution sought 
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ÅERMA2 

 


