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Motivation and benchmarks

• Personalized shift-based schedules:

- Planning horizon;

- Set of shifts;

- A demand for each shift and each day;

- An employee can be assigned to a maximum of one shift each day;

- Ergonomic constraints;

- Employee preferences.

• Classical example: Nurse scheduling problem;
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Motivation and benchmarks
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Motivation and benchmarks

• Classical column generation problems handle hard constraints:

- Personalized schedules handle many soft constraints.

• Build a dedicated approach for those soft constraints;

• Several benchmarks exist in the literature:

- INRC (up to 50 nurses over 8 weeks): https://nrpcompetition.kuleuven-kulak.be/

- INRC-II (up to 120 nurses over 8 weeks): http://www.schedulingbenchmarks.org/nrp/

- NRP (up to 150 nurses over 1 year): http://www.schedulingbenchmarks.org/nrp/
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Nurse Rostering Problem
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And many constraints
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• Number of consecutive shifts;

• Total number of assignments;

• Total number of worked weekends;

• Forbidding/Rewarding some patterns;

• Work the complete weekend or rest;

• …



Challenges

• Personalized schedules;

• Up to 150 nurses on long horizon;

• Classical Resource Constraint Shortest Path takes time:

- Many soft constraints with lower and upper bounds (no real domination);

- Long horizon.

• We must develop a specialized algorithm.
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Methodology

• Branch-and-Price:

- Rotation generation;

- Roster generation.

• Acceleration techniques:

- A Soft Resource Constraint Shortest Path.

- A MIP Heuristic

- …
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Branch-and-Price

• Column generation at 
every node of the 
branch-and-bound tree
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Rotation generation
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Master : Rotation Graph
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Also, some global constraints: e.g., on the total number of assignments and worked week-ends.



Subproblems : Rotation Generation
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Roster Generation
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Roster

• Advantage:  produce a tighter relaxation

• Disadvantage:  must produce paths over the whole horizon



Roster Generation - Subproblems
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Modeling min/max

• A resource by type of shift you track: rest, 
work, early etc.

• Lower and upper bounds

• If soft, the cost per unit of violation
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• Number of worked shifts:    1 2 2
• Number of consecutive Late shifts:  1 1 2
• etc



Modeling patterns

• Pattern: (Day, Shift), (Day, Shift) …

• No Friday night if rest the weekend:

- (Friday, Night), (*, Rest), (*, Rest)

• Avoid Early -> Late -> Early
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• Position in the last pattern:   0 2 0



A Soft Resource Constraint Shortest Path
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Partial paths:
1. Cost = -100, Cons worked days = 3
2. Cost = -200, Cons worked days = 1

Resource:
1. Consecutive worked days:

• LB = 3;
• UB = 5;
• Penalty = 30.

Worst case analysis:
• Stop work immediately. 

Partial paths :
1. Cost = -100
2. Cost = -140

• Work 4 days (until partial path 2 
reaches the UB). 

Partial paths :
1. Cost = -40
2. Cost = -200

Classical domination:
Nothing can be said as the resource 
values are different.



A Soft Resource Constraint Shortest Path
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• For each resource r, compute the worst case:

- 𝑤𝑟 = 𝑝𝑟 ∗ | 𝑙1𝑟 − 𝑙2𝑟 |

• Compare partial path 1 to partial path 2 for the worst case:

- If 𝑐1 + σ𝑟𝑤𝑟 ≤ 𝑐2, partial path 1 dominates partial path 2;

- If 𝑐2 +σ𝑟𝑤𝑟 ≤ 𝑐1 , partial path 2 dominates partial path 1;

- Otherwise, nothing can be said.

• Many more partial paths can be dominated at a given node.



Acceleration - Subproblems

• Many techniques:

- Decremental state-space relaxation

- Bidirectional

- Shortest reverse paths from the sink 

- Truncated labeling

- Enumerate small paths

- …
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Acceleration – Master problems

• Many techniques:

- Strong branching

- Diving

- Dual stabilization (tough to tune)

- Lagrangian lower bound

- A heuristic based on a MIP
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MIP Heuristic
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1. Solve Roster decompostion relaxation

2. Cut all generated rosters into rotations

3. Solve the Rotation decomposition 
with a MIP (with all rotations)

Run in parallel and 
repeat forever



Experiments

• Run the roster decomposition (in parallel over 8 threads);

• The (open-source) code runs on COIN-OR (BCP and CLP);

• The MIP heuristic uses Gurobi (but can run with CBC);

• Experiments:

- Features analysis on several instances;

- Benchmark results:

- INRC, INRC-II, and NRP instances.
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Acceleration results – Master problems
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INRC
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INRC-II
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NRP
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Take home message

• Soft domination has sped up the resolution time by 25 times for an 8-weeks 
roster;

• The MIP heuristic produces good integer solution.

• The roster approach :

- is computationally manageable;

- has a very tight lower bound;

- proves optimality for many instances of several benchmarks in a very small time.

• Ref: Legrain A & Omer J., “A Dedicated Pricing Algorithm to Solve a Large Family of Nurse Scheduling 
Problems with Branch-and-Price”, Informs Journal On Computing (2023)
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Reference & Open source softwares

Scheduler Webapp
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Cahier GERAD



INRC-II with 24 hours
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INRC-II with CBC
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INRC-II Rotations vs Rosters
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INRC-II Rotations vs Rosters
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