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Motivation from XAl
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Example: Robustness

Robustness of Boolean function f on given input x € {—1,1}" is the smallest number of
bits flipped in x that makes f output a different value from f(x), i.e.,

() = min {llall,|f () = f(x © a)},
x, @ a,) withx; @ 0=x; and x; B 1 = —x;.
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A promising approach [NK+18, SD+19, 5§5+20]
1. Binarize the NN & see f as a Boolean function
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2. Gonstruct a good representation (e.g. formula, circuit
and decision diagram (DD)) for f, so that
we can efficiently investigate various properties
(robustness, model count, equivalence, **+)
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2. Replace the activation function with the STEP function.
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Time/Size for Step 1

Transform NN to Boolean circuit
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Overview of our results

Original optimization problem

(MIP/LP/QP/SDP etc.) equivalent extended formulation j — AT A \/0 ifﬁ/\d)N N/\O)},_E\}Eﬁ (3)
' min Z
&, f(2) — B/ (2)
s.t. Az>Db The circuit constructed by our method is the smallest, and we compute

[SS+20]-2 took too much time so it's not shown at right.
#Networks are trained with different initial weights

robustness most efficiently.
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O If the constraints are “compressed” well, we get a concise problem
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[SS+20]-1" s circuits are generated from the NN with real weights,
[SS+20]-2’ s circuits are generg};d from the NN with integer weights.

Example
= L L
FRAR (FRE)

1100017 07 (21
110000 7 - 1 Zy
110000 Zl 0 {1,2} ({3 >{4,5} 11000001 —107| 23
oo1001|[,- [0 00100001 —10|| 2
883222 z g - =) 888883281 :1 % 1. Yuta Kurokawa, Ryotaro Mitsuboshi, Haruki Hamasaki, Kohei Hatano, Eiji Takimoto, Holakou
000110 ' |1 (6} @} 3 000000001 —11f 0 Rahmanian, “Extended Formulation via Decision Diagrams,” COCOON2023, 2023.
R . 0. 2. Yiping Tang, Kohei Hatano, Eiji Takimoto, “Boosting-Based Construction of BDDs for Linear Threshold

Az > b Functions and Its Application to Verification of Neural Networks,” DS 2023, 2023.

6 vars 9 consts

NZDD for A4,b
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