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Pruning by Feasibility

. Syntactic Spec
S — X|00012
| SAS|SVvS|ISeS

N

| S+S|SxS|S/S|S>>S

J How to detect7

el

N 4

. Semantic Spec

£(1011,) = 0011,
.

“\1

A

f(10115) = 10115 >>




Pruning by Feasibility

Existing Approaches

® Inverse Semantics : [Lee 2021] [Gulwani et al. 2011 ]

® Templates : [Inala et al. 2016}

® Static Analysis : [Feng et al. 2017] [Singh and Solar-Lezama 2011}
[So and Oh 2017] [Vechev et al. 2010] [Wang et al. 2017a,b]
[Pailoor et al. 2021] [Mukherjee et al. 2020]

® and more...
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Pruning by Feasibility

Existing Approaches

® Static Analysis : [Feng et al. 2017] [Singh and Solar-Lezama 2011}
[So and Oh 2017] [Vechev et al. 2010] [Wang et al. 2017a,b]
[Pailoor et al. 2021] [Mukherjee et al. 2020]




* Our tool SIMBA using Forw

# Fastest Solved Benchmarks

* Outperformed state-of-the-art tools for 2 branch-free benchmarks

* Comparable to state-of-the-art tools for a branch benchmark

Our Performance

Comparing to 2 existing tools on 3 benchmark domains
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Using Forward Analysis

Checking only output feasibility
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Limitation of Forward Analysis

Checking only output feasibility
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Need: Backward Analysis Too

Output feasibility + Hole Precondition
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Challenges

Challenge 1: Precision & Cost Balance

Challenge 2: Precise Backward Analysis



Challenge 1: Precision & Cost Balance

* Reduced Product Domain of well-known and simple domains

* No more complex domain (e.g., relational domain) was necessary
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* Reduction Example: Bitwise ¥ Unsigned Interval
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* Reduction Example: Bitwise ¥ Unsigned Interval
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Challenge 1: Precision & Cost Balance

Our Solution: Reduced product domain of
interval domains and bitwise domain
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Challenge 2: Precise Backward Analysis
by Selective Finite Concretization
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Challenge 2: Precise Backward Analysis
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Challenge 2: Precise Backward Analysis
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Challenge 2: Precise Backward Analysis
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Challenge 2: Precise Backward Analysis
by Selective Finite Concretization

Our Solution: Use concretization for precise analysis




Realized: SIMBA

* Synthesis from Inductive specification eMpowered by Bidirectional Abstract

Interpretation

* Available at https:/github.com/yhyoon/simba
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Synthesis Algorithm
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Synthesis Algorithm
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Synthesis Algorithm
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Synthesis Algorithm
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Synthesis Algorithm
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Synthesizing Conditional Programs

Simba Core + Divde-and-Conquer

* Incorporate the divide-and-conquer approach [Alur et al. 2017] into our algorithm
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Synthesizing Conditional Programs

Simba Core + Divde-and-Conquer

* Incorporate the divide-and-conquer approach [Alur et al. 2017] into our algorithm
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Evaluation: Benchmarks

* 1875 synthesis tasks from 3 domains: BitVec, BitVec-Cond, Circuit

Background Bit-vector arithmetic SAT
Theory
Domain BitVec BitVec-Cond Circiut
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Benchmarks HD Deobfusc Lobster Crypto
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Evaluaton: Benchmarks

* 1875 synthesis tasks from 3 domains: BitVec, BitVec-Cond, Circuit
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ackground Bit-vector arithmetic SAT
Theory
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Evaluaton: Benchmarks

* 1875 synthesis tasks from 3 domains: BitVec, BitVec-Cond, Circuit

Back
ackground Bit-vector arithmetic SAT
Theory
, BitVec BitVec-Cond Circiut
Domain
(# 544) (#750) (# 581)
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# Tasks 44 500 750 369 212
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Evaluation: Baseline Solvers

* Duet [Lee 2021]: the state-of-the-art synthesis tool for inductive SyGuS problems
* Employs a bidirectional(top-down + bottom-up) search strategy

* Requires inverse semantics operators for search space pruning

* Probe [Barke et al. 2020]: tool performs a bottom-up search with probabilistic model

* Probabilistic model is learned just in time during the search processes



# Fastest Solved Benchmarks

Evaluation: Simba Performance

Solve Faster

* Outperformed baseline solvers for conditional-free program

» Comparable to baseline solvers for conditional program
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Evaluation: Simba Performance

Solve More

* Outperformed baseline solvers for conditional-free program

» Comparable to baseline solvers for conditional program
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Total Solving Time (s)

Evaluation: Simba Performance
Overall

* SIMBA(plot ©) shows the best performance for branch-free benchmarks

* DUET(plot A) is better than SIMBA for branch benchmarks in average
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Evaluation: Simba Performance

Ablation Study

* Forward-Backward Analysis(plot o) is necessary to achieve the best performance
* Only forward analysis or SMT Solver is not sufficient

* Sometimes, even worse than brute force(plot /) because of bad analysis cost
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In the paper...

* Formalization (abstract domain, forward-backward transfer functions, etc.)
* Detailed Algorithm of synthesis and forward-backward analysis

* Why our tool outperforms the baseline solvers (case study)

 and more
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