
International Joint Conference on Artificial Intelligence 2024, Jeju, South Korea

ParaILP: A Parallel Local Search Framework for Integer Linear 

Programming with Cooperative Evolution Mechanism

08/08, 2024 P. Lin, et al.Parallel Local Search for Integer Linear Programming

1

Peng Lin, Mengchuan Zou, Zhihan Chen, and Shaowei Cai*

Key Laboratory of System Software (Chinese Academy of Sciences) and State Key Laboratory of Computer Science, 

Institute of Software, Chinese Academy of Sciences, Beijing, China

School of Computer Science and Technology, University of Chinese Academy of Sciences, Beijing, China

{linpeng, zoumc, chenzh, caisw}@ios.ac.cn

08.08.2024



Outline

• Background and Motivation

• Parallel Framework for Solving ILP

• Experiments and Conclusions

08/08, 2024 P. Lin, et al.Parallel Local Search for Integer Linear Programming

2



Integer Linear ProgrammingBackground
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• A fundamental model in operations research

• NP-Hard

• Strong descriptive capability

Production PlanningCrew SchedulingResource Allocation
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Complete and Incomplete AlgorithmsBackground
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Branch-and-Bound Local Search

Local-ILP [Lin et al., 2023]

Source code

• https://github.com/shaowei-cai-group/Local-ILP

Academic Solver

• SCIP [Achterberg, 2009]

• HiGHS [Huangfu and Hall, 2018]

Commercial Solver

• Gurobi

• CPLEX
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Complete Algorithms

• compute the optimal solution

• prove infeasibility

Incomplete Algorithms 

• find high-quality solutions quickly

https://github.com/shaowei-cai-group/Local-ILP


MotivationMethods
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• Incomplete algorithms are important in industry applications of ILP

• The increasing computing power of multicore computer structures

• Although good serial local search algorithm has been proposed for ILP, the 

parallel local search has not been investigated

• Thus, we try to propose the first parallel local search framework for ILP
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Parallel Framework for Solving ILPMethods
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Polarity InitializationMethods
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How to generate high-quality initial solutions for each local search thread?

Polarity Initialization 

Polarity of variables (for high-quality)

Random perturbations (for diversified solutions )



Population Maintenance PolicyMethods
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Manage a population balancing quality and diversity

The Objective Value

Q(s) is initially set to −obj(s)

The Differences from Other Solutions

The Informative Degree: 

• Whenever a solution's information is utilized, Q(s) is penalized
• If Q(s) > 0, Q(s) is updated as Q(s) × (1 − β) 

• if Q(s) < 0, Q(s) is updated as Q(s) × (1 + β)

The Fitness Function



Solution Evolution ProcessMethods
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Generate new solutions from high-quality solutions in the population

Solution Evolution Process

Random Parent Selection

• All solutions in the population are highly competitive

Uniform Crossover

• Leverage the information from two selected parents

Bound-aware Mutation

• Explore new search space
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Comparisons with Academic SolversExperiments
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ParaILP is significantly better than the state-of-the-art academic parallel solvers FiberSCIP and HiGHS



Comparison with Commercial SolverExperiments
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ParaILP is competitive with the state-of-the-art commercial parallel solver Gurobi.



Conclusions
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• The first parallel local search framework and an efficient parallel solver for solving general ILP.

• Our code: https://github.com/shaowei-cai-group/ParaILP

• Our framework could be easily extended by plugging other sequential local search algorithms as a 

subroutine to create new solvers.
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https://github.com/shaowei-cai-group/ParaILP
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Thank You! 

Q&A
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