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PROBLEM DEFINITION

» Satisfiability Modulo Theories (SMT) generalize SAT
» SMT(LRA) : Boolean combination of atomic
propositions over Boolean variables (e.g. A, B), and
of atomic linear real arithmetic (LRA) formulas over
real variables (e.g. x <y + 5)
 Weighted Model Integration (WMI) over SMT(LRA):
WMI(#,w | , b) Z / w(x,b”) dx.
b* cpm ¥ 0(.07)

 Example: house price model
- J (price; <10 - sqft; +1000) Vv (price; < 20 - sqft; + 100)
i1 (0 < price; < 3000) A (0 < sqft, < 200)
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Figure 1. Feasible region of SMT(LRA) model y; .

MOTIVATION

* Goal: to develop efficient inference algorithm for
WMI problems on hybrid domains

* To leverage context-specific independence in model
integration (MI) problem to speed up inference
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Figure 2. Model integration runtime on independent house price model.

MODEL INTEGRATION IS ALL U NEED
* Boolean to real: * weighted to unweighted:
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v Focus on MI without loss of generality
GRAPH ABSTRACTION OF SMT

Integration over y;

* Definition (Primal Graph): vertices being all variables;

edges connecting any two variables in the same
>

clause.
Primal Graph

e Boolean formula:

(yVz1)A(yV z2)
Figure 3. Example

e SMT formula:

( 1<y<1)
( O5<£B1,£B2<05)
(1 +1<y)V (Z/S331—1)
(2 +1<y)V(y <z2—1)

formulas.

primal graph for Both
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SEARCH-BASED Ml

* Proposition: M| of SMT(LRA) theory is integration
over a univariate piecewise polynomial

MIO |z, b)= ) / Py

[l,ulel
where [ are intervals over which p(y) is polynomial.

* This observation allows search space leveraging
context-specific independence
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(a) Discrete And/Or search
tree with Boolean variables
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(b) Infinite search tree (c) Our proposed finite search
with real variable y tree on interval [l, u]

* From finite branches (instantiations) to integration

0= D)y

Intf %&

[ Yo N Yd o [ U

Polynomial

mterpolatlon Integrate p(y)

—

[ Yo U1

* How to find polynomial intervals and degrees?

Bottom-up
processing

[l, U,] = [ll, ul] M [lz, ’UQ], degree = dl + dz

S

11, u], degree = d;

X

* Complexity analysis: search space sizeO(1 - (n3 - ¢#)™)
is bounded exponentially by the tree height of the
primal graph h; and that of pseudo tree h,

2, ug], degree = dj
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(a) Model integration runtime on star, full three-ary tree, and path primal graphs.
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(b) Model integration runtime on non-independent house price model.
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