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→ Preemptive Jobshop Scheduling Problem with additional constraints
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 One resource per task
 Task-resource suitability
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.. of the preemptive Jobshop Scheduling Problem (pJSP)
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Workload limitation

MaxW constraint :

Introducing a new constraint

(δ uvk , k ,[u , v ])
Operator k needsat least
δ uv
k rest shiftswithin interval [u , v ]

‘‘

’’
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MaxW constraints

Illustrative example
.. of the MaxW-pJSP
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An optimal solution
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Illustrative example
.. of the MaxW-pJSP

MaxW constraints
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Ok , c , b = optional unitary interval var for shift b
of MaxW constraint c of operator k

O1 : [0, 8]
O2 : [0, 8]
O3 : [0, 8]
O4 : [4, 10]
O5 : [4, 10]

Presence(O1) +
Presence(O2) +
Presence(O3) +
O4 is present in [0, 8] +
O5 is present in [0, 8] ≥ 3

O1 is present in [4, 10] +
O2 is present in [4, 10] +
O3 is present in [4, 10] +
Presence(O4) +
Presence(O5) ≥ 2
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CPO : Preemption 

Modelling
with CPO

W i , j , l = unitary interval var for shift l of task j of job i
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Minimize makespan

Precedences

MaxW constraints

No ubiquity

Ordering

Workshifts variables

Offshifts variables

Ok , c , b = optional unitary interval var for shift b
of MaxW constraint c of operator k
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Mistral : Preemption        (PreemptiveNoOverlap)

Modelling
with Mistral
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[Juvin et al., CP2023]

(s j , e j)

+ JacksonPreemptiveScheduler

= earliest start and 
latest end of task j
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Handle MaxW constraints:
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Handle MaxW constraints:

d1 + d2     3
d2 + d3     2

d1 d2
d3
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MaxW-pJSP with Mistral
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Modelling
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Preliminary results
Mistral vs CPO
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45 min

How to deal with the exponential number of subintervals
generated by the MaxW constraints decomposition ?

● 78 pJSP instances of OR-Library
● 9 MaxW instances per pJSP instance

→ 78*9 = 702 instances
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Number of optimal solutions
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78*9 = 702 instances 45 min

CPO vs Mistral vs Iterative
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Added proportion of MaxW
Iterative
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- PreemptiveNoOverlap implemented :)

- same model as Mistral
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Iterative : Mistral VS TEMPO
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TEMPO
is great PreemptiveNoOverlap 

is great for preemptive 
scheduling

Lazy Constraint Generation 
can be great if some 

constraints can be verified 
without being enforced in the 

model

Takeaways
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Perspectives

Operations research

- Try to make use of Tempo's clause learning

- Study different MaxW constraint addition heuristic

- Integrate MinW constraints (not symmetric)

25
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Questions ? Tanguy.Terrien@laas.fr

Disjunctive scheduling

on TEMPO (CP25)

My paper
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Future work

Human-Machine Interaction

- Develop a user interface that is in line with both optimization 
functionalities and cognitive-wise needs (ongoing)

HMI

18
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Future work
Cognitive science (+ HMI)

Cognitive science (+ HMI)

- Evaluate the effect of a decision-support system on users' 
performances and cognitive and emotional state (ongoing)
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Illustrative example

Operators LB: max (6, 7, 8)

Jobs LB:

max ( 3 + 1 + 1 ,

          3 + 1 + 5 ,

          2 + 3 + 2 )

3+1+2 = 6

3+3+1 = 7

2+1+5 = 8

Global LB: 9

Optimal solution

..of the Preemptive Jobshop Scheduling problem (pJSP)
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On [u , v ] , operator k should have at least

δ uv , N
k  off shifts in any N consecutive shifts
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Specific case

RMaxW constraint :

Another new constraint

(δ uv , Nk , k , N ,[u , v ])
On [u , v ] , operator k should have at least

δ uv , N
k  off shifts in any N consecutive shifts

‘‘

’’

(2, 7, [0, 10])



AAPG édition 2022 - ANR-22-CE10-0012-05

Modelling of RMaxW
A better method

Maximum time lag :

Maximum time between two tasks or two occurences of a repeated task



AAPG édition 2022 - ANR-22-CE10-0012-05

Modelling of RMaxW
A better method

Maximum time lag :

Maximum time between two tasks or two occurences of a repeated task

→ We add     unitary fictitious tasks to the whole horizon of RMaxW 



AAPG édition 2022 - ANR-22-CE10-0012-05

Modelling of RMaxW
A better method

Maximum time lag :

Maximum time between two tasks or two occurences of a repeated task

→ We add     unitary fictitious tasks to the whole horizon of RMaxW 

●

  



AAPG édition 2022 - ANR-22-CE10-0012-05

Modelling of RMaxW
A better method

Maximum time lag :

Maximum time between two tasks or two occurences of a repeated task

→ We add     unitary fictitious tasks to the whole horizon of RMaxW 

●

●  

  

c z cδz 2

7



AAPG édition 2022 - ANR-22-CE10-0012-05

Modelling of RMaxW
A better method

Maximum time lag :

Maximum time between two tasks or two occurences of a repeated task

→ We add     unitary fictitious tasks to the whole horizon of RMaxW 
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●  
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CPO model
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Modèle complet Mistral
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Modelling
with Mistral

Handling MaxW constraints :

 Original task
Fixed duration,
variable start/end 

q1: start at 0, end 
at 4, duration d1

q2: start at 4, end 
at 8, duration d2

q3: start at 8, end 
at 10, duration d3

d1 + d2     3
d1 + d3     2

 Added rest task
Fixed start/end,
variable duration
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