WDAG: Projected Stochastic Approximation Iteration for DAG Structure Learning

\;’4.:;'.@

MOHAMED BIN ZAYED

2Carnegie Mellon University, Pittsburgh, USA

Goal

A Learning the data causality structure of the form of
Directed Acyclic Graphs (DAGSs) is challenging

A Difficulty:
constraints

highly non-convex nature of DAG

Main idea

» We present a novel framework for learning DAGs,
employing a Stochastic Approximation approach
integrated  with  Stochastic Gradient Descent
(SGD)based optimization techniques

» We enforce DAG constraints efficiently via (new)
DAG projection methods

» Algorithm converges to a feasible local minimum

» Low iteration complexity, well-suited for handling
large-scale problems

Proposed Method

Minization problem:

{F(w) def

min
weRd

i [f(w,6)]]

The objective function can be expressed as.

min E...p

def
m 1(W;2) < Lz - W) = L[z - "W
eD
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The proposed framework consists of three main steps:

 Run an optimization algorithm Al without any DAG
constraints, only forcing the diagonal to be zero

 Finding a DAG that is close to the current iterate using
projection (A3)

 Run the optimization algorithm A2 while preserving
the vertex order

Algorithm 1 {)DAG framework

. Requires: Initial model W € R%*4, such that diag(Wy) = 0.
cfork=0,1,2..., K —1do

1
2
3 W = 4 (W)

¢ (WP m) = p(Wi?)
5 Wiy = Az(W;(Cz/:s); Tk)
:

. end for
: Output: Wy

Algorithm 2 ¢'DAG

1: Requires: initial model W € R4*4 numbers or iterations 71, To.
2: fork=0,1,2..., K —1do

3. W) = SGD(Wy,)

4 (W3 1) = Algorithm[3) (W{!/3))

5. Wiy =5SGD,, (Wk) -
6

7

. end for
: Qutput: Wk
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Algorithm 3 Projection ¢(W) computing the “closest” vertex ordering (recursive form)
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Requires: Model W € R%%¢, (optional) weights L € R?*¢ with default value L = 11" .

fork=1,...,ddo
Setry = || (W o L) [K]
Setcr, = || (WoL)[:]]
end for

|
k]

|2
|2

Set 1. = arg m%nke{l,...,d} Ck

Seti, =argmingcgy a7
if r;, <= c;_ then

k

Output: [¢)(W (ic,ic), L(ic, c)), ir]

else

Olltpllt: [ica w(w(?’m ?:C)J L(?:Cn ?’C))]

. end if

{By A(i, j) we denote the submatrix A[1,...,i —1,i+1,...,d][1,...,5—1,7+1,...,d]}
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