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Research Question

Can we use weakly-relational or Zonotope domains to improve predicate
generation for program analysis over simple value analysis?

Data-Flow Analysis

information about programs in the

F ifyé form of abstract states. These states
ey - can be used to represent numerical
: [assert y <0 values using infinite domains such as
Intervals, Zones, or Octagons.

Data-flow Analysis (DFA) computes

Comparison of invariants between Octagons and Predicates
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Comparing Octagons to Predicates*, we can see that a random Predicates
domain is more precise than Octagons second only to equivalent precision.

Comparison numbers from work under review Ballou et al., 2025, “Minimal Comparison of Octagon Abstract Domain”.

/Zone Domain Graph Representation
The Zone domain as introduced by
Miné'represents the strict unit
difference between program variables.
The graph to the left represents the

following system:
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Miné, 2001, “A New Numerical Abstract Domain Based on
Difference-Bound Matrices”
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We can project the region described by
relationships of two variables into a
plane. Notice, the various implied
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— intervals at the intersection points.

Intervals to Predicates

e After parsing and querying
weakly-relational domain analysis,
we must construct a set of intervals

0,6 : :
0.6 to use for Predicate Generation.

e \We require that the resulting set of
predicates are disjoint and

[0, 4] L, 6]
[0, 1] ~ [3,6]

o, 3] complete.
[0,3] [M] e Additionally, we are constrained by
13, 4] the number of predicates. Too
[1,3] — many, and the analysis is too slow.
-

Too few, and the analysis is
Imprecise.

Sherman et al., 2015, “Exploiting Domain and Program Struc-
ture to Synthesize Efficient and Precise Data Flow Analyses (T)"

Candidiate Predicate Set
{(—00,0),[0,1],(1, 3], (3,4], (4,6], (6, +c0) }

Notice, the individual predicates are disjoint and the set covers the entire
range of values over integers.

Closed-Normal Form
{(_007 _1]7 [07 1]7 [27 3]7 [417 [57 6]7 [77 +OO)}

Incomplete Lattice Representation under C

® One idea for working through the
generation of predicates that

T satisfy the disjoint and complete
[0, 6] properties is to leverage a lattice
[0,4] [1,6] data structure over the incomplete
0,3] I3, 6] intervals.
0,1] [1,3] [3.4] [4,6] e Through this data structure, we
—

should be able to easily interleave
the different intervals into a set of
predicates of a specified or
requested size.

L

Tasks to Resolve
e Implement a parser of zonotope invariants output

® Implement predicate generator over the incomplete lattice
e Empirical Evaluation
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