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Algorithm 1: Learning the structure via deterministic rounding

Input: Variables X = {X, ..., X,,} and dataset D on X.

Output: A Bayesian network structure G

1. Solve LP program 21 to obtain an optimal fractional solution z*.
2.foru € X do

3. pa(w) = User, (%, = 7=}

4. end

/* Construct the structure G = (V,E) =/
5.fori <1 tondo

6.  Create node X;

7.  forX; € pa(X;) do

8. add directed edge (X;, X;) to the E
9. end

10. end

11.return G
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Abstract

Bayesian networks are one of the most widely used probabilistic graphic models used to represent a
probability distribution and have a wide variety of applications in artificial intelligence, data mining,
and machine learning. One of the most important issues in these networks is the problem of learning
structure from data. In general, structured learning methods are divided into three categories:
constraint-based, score-based, and hybrid. In this paper, we present a new score-based method for
learning a Bayesian network from data, which is based on the deterministic rounding method in
linear programming. The proposed method first models the structure learning problem as an integer
linear program and then relax it to a linear programming problem. Then, by solving the relaxed linear
program, it converts the obtained fractional answers into integer answers using the introduced
deterministic rounding method.

Keywords: linear programming, Bayesian networks, deterministic rounding, learning structure in
Bayesian networks.



