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Abstract Interpretation-Based Static Analysis
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void f(void) {
int i = 0;
int j = 10;
while (i < 10) {
i = i + 1;
j = j – 1;

}
}

example.c

concrete states of
i and j

abstract
i∈[0, 10],
j∈[0, 10]

runtime errors (RTEs)

• arithmetic overflows
• division by zero
• null pointer dereference
• ……



Workflow of Using Static Analyzer
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Ourghanlian A (2015) Evaluation of static analysis tools used to assess software important to nuclear 

power plant safety. Nucl Eng Technol 47(2):212–218. 



An Example of Refining by Reconfiguring Parameters
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RTE alarms in the form 

of ACSL annotation

2 false alarms 

are eliminated.



Challenge
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A typical parameter setting of Frama-C/Eva with different parameter types: 

integer, Boolean, string, and set-of-strings. 

Why configuring parameters is tricky and needs expert knowledge? 

⚫ a wide range of parameters subject to a huge and possibly infinite joint parameter space



Challenge

6

Why configuring parameters is tricky and needs expert knowledge? 

⚫ a wide range of parameters subject to a huge and possibly infinite joint parameter space

Analysis result

(#RTEs)

Automatically analyzing

Refining by re-

configuring parameters

Intermediate 

information

⚫ the lack of a framework to utilize intermediate information



Problem Formulation / Parameter Spaces
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Problem Formulation / Problem Statement
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The Parameter Refinement Framework / Overview
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The Parameter Refinement Framework / Sample
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The Parameter Refinement Framework / Sample
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The Parameter Refinement Framework / Sample
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The Parameter Refinement Framework / Sample
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The Parameter Refinement Framework / Sample
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The Parameter Refinement Framework / Sample
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The Parameter Refinement Framework / Sample
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The Parameter Refinement Framework / Refine
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The Parameter Refinement Framework / Refine Pbase
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the “parameter setting with

lowest precision” pa eliminating a

the “parameter setting with

lowest precision” P’base eliminating

all newly found false alarms



The Parameter Refinement Framework / Case Study
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The Parameter Refinement Framework / Case Study
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The Parameter Refinement Framework / Case Study
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Evaluation: Research Questions
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RQ1: How does Parf compare against other parameter-selecting strategies? 
RQ2: How does Parf perform on different hyper-parameters?
RQ3: Can Parf be generalized to other static analyzers?
RQ4: Can Parf improve Frama-C in verification competitions? 



Experiment Settings
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Experiment environments:
• RQ1, RQ2, and RQ4: 8-core Apple M2 processor,16GB RAM, 64-bit macOS Sonoma 14

• RQ3: 16-core Intel i7 processor, 16GB RAM, Arch Linux

Benchmarks:
• RQ1, RQ2 , and RQ3: Frama-C official Open Source Case Study (OSCS) benchmarks

• RQ4: verification tasks of SV-COMP 2022, the NoOverflows category with a specific version called 

Frama-C-SV

Baselines:
• Default: default parameter settings of Frama-C/Eva or Mopsa

• Official: official parameter settings provided by Frama-C together with the OSCS benchmarks

• Expert: dynamic parameter-tuning strategy for Frama-C/Eva, sequentially increases the parameters from 

-eva-precision 0 to -eva-precision 11 for analysis until the given time budget is exhausted or the highest 

precision level is reached

Time Budget:
• 1 hour for each benchmark
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RQ1: How does Parf compare 

against other parameter-selecting 

strategies? 

Parf achieves the best results on 91.9% 

(34/37) benchmarks, and exclusively 

best on 32.4% (12/37) benchmarks.

Parf performs almost the same as the 

expert strategy in programs with low 

analysis complexity (-eva-precision>=9).

Parf achieves exclusively best on 57.9%

(11/19) on programs with high analysis 

complexity (-eva-precision<9). 

Evaluation: RQ1



Evaluation: RQ2
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RQ2: How does Parf perform on different hyper-parameters?



Evaluation: RQ3
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RQ3: Can Parf be generalized to
other static analyzers?

Matthieu Journault et al. 2019. Combinations of Reusable Abstract Domains for a Multilingual Static 

Analyzer. In VSTTE (Lecture Notes in Computer Science, Vol. 12031). Springer, 1–18. 



Evaluation: RQ4
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RQ4: Can Parf improve Frama-C in verification competitions? 



Summary
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A new framework for adaptively tuning external parameters of abstract interpretation-
based static analyzers, which is particularly practical for large-scale programs. 
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