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I. OVERVIEW

This project aims to implement a parallel Haskell program that solves general integer
linear programs (ILP) using the branch-and-cut algorithm1. We shall implement both se-
quential and parallel versions and compare their run-time performances against a benchmark
ILP solver, GNU Linear Programming Kit (GLPK)2.

II. BACKGROUND

It is known that general integer linear programming problems (ILP) are NP-hard. To
obtain heuristic-based integral solutions of an ILP, branch-and-bound search algorithm3 was
developed. Essentially, it solves a series of linear-relaxed subproblems on different variables
while keeping track of the optimal values as the subproblems branch out their descendants by
fixing more and more variables as integers until all subproblems become infeasible (fathomed)
or optimal solution is found. The general branch-and-bound algorithm is shown in figure 1a
along with a search tree example in figure 1b. This can already benefit from parallelism as
different branches can be processed separately while having the same memory on optimal
bounds and termination conditions4. To make branch-and-bound more efficient, branch-and-
cut algorithm1 introduces a better method to fathom subproblems by including Gomory’s
cut5 constraints. This is also the standard way to solve mixed-integer programs (MIP) in
most solvers, which is how GLPK solves ILP in particular.

III. OBJECTIVES

We have the following list of objectives:

1. Implement sequential branch-and-bound algorithm by utilizing Haskell’s Numeric mod-
ule for linear subproblems.

2. Implement Gomory cutting plane for subproblem creation and keep it as a switch that
can be included in the branch-and-bound program to create a branch-and-cut program.

3. Implement parallel branch-and-cut algorithm by applying parallelism at the first layer
of subproblems while updating the same optimal bounds and incumbent solutions for
early termination.

4. Compare performances among sequential branch-and-bound, sequential branch-and-
cut, parallel branch-and-bound, parallel branch-and-cut, and GLPK solver called from
Python CVXPY interface.

https://hackage.haskell.org/package/hmatrix-glpk-0.19.0.0/docs/Numeric-LinearProgramming.html
https://www.cvxpy.org/
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(a) Branch and bound algorithm3
(b) Branch and bound example on two integer

variables3
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