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Solving MILP with Branch-and-cut

Branch-and-cut algorithm
1 Solve the root node with strengthening inequalities added dynamically

(cutting plane algorithm)

2 Follow with a branch-and-bound algorithm (keeping the generated
inequalities but no new ones)

Cuttting plane algorithm

Repeat:

1 Solve current linear relaxation

2 Generate strengthening cust (cut generation)

3 select only a subset of inequalities (cut selection)

This work uses machine learning for improving cut selection.
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MILP Resolution depends on the order of the constraints

In cutting plane, the order in which the strengthening cuts are added matters!

Different datasets

Solve each instance 10 times (one round of cutting plane?) by adding all
generated cuts but with different random orders.

Remark
Same thing if only a fraction of candidate cuts are added.
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Idea

Objectives

Given a set of candidate cuts, determine

(P1) which cuts should be selected

(P2) how many cuts should be selected

(P3) in which order the selected cuts should be added

Done by learning!
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Reinforcement learning

Markdown decision process

State: (current LP, optimal solution, set of candidate cuts)

Action: choose an order subset of candidate cuts (one cut selection)

Reward:

dual bound improvement
final reward: (negative) solving time or (negative) primal dual integral gap

Stops after T rounds of cutting plane.
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State

Each constraint of the current LP is represented as a vector of size 13.

State

Sequence of such constraint vectors (order given by the order of the constraints in
the current LP)
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Hierarchical learning

First model to define the ratio of candidate cuts to keep

Second model to define select the candidate cuts (with order)
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ML Model
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Comparison with scoring models
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Training
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Datasets

Easy datasets:

Set covering
Max independant set
Multiple knapsack

Medium datasets:

MIK
CORLAT

Hard datasets:

Load balancing problem
Anonymous problem
Two subsets of MIPLIB 2017

Wang et al. HEM 03/28/2023 15 / 20



Competitors

Comparison with the following algorithms

SCIP with no cuts

SCIP default

SCIP with random selection of 20% of candidate cuts

Score-based policy (SBP): Implementation of a (slightly difference) learned
scrore function (but original work was for one cut selection).

All algorithms use SCIP 8.0 (even theirs). They perform only one round of cutting
at root node.
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Experiment 2

Compare HEM with just the inner model (pointer network with end token)

Note Hierarchie is important (predict first the ratio and then select cut)
Question Why not subdividing into 3 models (ratio, subset order)?
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Experiment 3

HEM-ratio: the ratio is fixed

HEM-ratio-order: the selected cuts are added in the order they are generated
(no order selection in cut selection).

Note ratio and order are important
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Experiment 4

Test on bigger instances

Note HEM generalizes well
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