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Solving program verification problems

● Program verification problems can be encoded to Constraint Horn 
clauses (CHCs) solving problems

Motivation & Background
●●●

CHC graph representations
●●●

R-HyGNN
●●

Framework overview
●●
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int x=-50; 
int y;
 while (x<0){
   x=x+y;
   y=y+1;
 }
 assert(y>0);
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Solving CHCs by counter-example guided abstraction 
refinement (CEGAR) based model checking
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● Extract program features by graph neural networks from CHC’s graph 
representation

Framework overview
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Five proxy tasks from simple to difficult
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1. Predict if an graph node is an argument of relation symbol
2. Predict the number of occurrence of the relation symbols in all clauses
3. Predict if a relation symbol is in a cycle
4. Predict the existence of argument bound
5. Predict the clause membership in all/some minimal unsat cores 
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● Two graph representations for CHCs
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●  Relational Hypergraph Neural Network (R-HyGNN)
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Evaluation on five proxy tasks (CHC-COMP) 
● Dominate distribution
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Evaluation on five proxy tasks (CHC-COMP)
● Accuracy is higher than dominate distribution
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Evaluation on five proxy tasks (Task 5 results)
● Task 5: Predict the clause membership in (a) some and (b) all of the 

minimal unsat cores
● Task 5 (a) 1155, 386, 386 problems for train, valid, and test respectively
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● Simple patterns
○ Clauses close to the assertions are likely in the minimal unsat cores  

Predict the clause membership in minimal unsat cores 
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● Simple patterns
○ Clauses close to the assertions are likely in the minimal unsat cores  

● Intricate patterns
○ Perfectly predict the clause membership of minimal unsat cores in the 

case that contain 290 clauses.
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● Simple patterns
○ Clauses close to the assertions are likely in the minimal unsat cores  

● Intricate patterns
○ In the verification problem that contain 290 clauses, the model can 

perfectly predict the clause membership in minimal unsat cores.

Predict the minimal unsatisfiable cores 
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Summary & Future work
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Evaluation on five proxy tasks (Task 1 example)
● Task 1:  Predict if a node type is relation symbol argument.
● Binary classification task. 
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CHC graph representations
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Framework overview
●
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● Task 2: Predict how many times the relation symbols occur in all clauses.
● Regression task.  

Evaluation on five proxy tasks (Task 2 example)
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● Task 3: Predict if relation symbol node is in a cycle.
● Binary Classification task. 
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Evaluation on five proxy tasks (Task 3 results)
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● Task 4: Predict lower and upper bound existence for relation symbol 
arguments.

● Binary classification task.  
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Evaluation on five proxy tasks (Task 4 results)
● Task 4: Predict lower and upper bound existence for relation symbol. 

arguments. (a) lower bound, (b) upper bound.  
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● Task 5: Predict if a clause occurs in the counter-examples.
● Binary classification.  
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Evaluation on five proxy tasks (Task 5 results)
● Task 5: Predict if a clause occurs in the counter-examples.
● (a) the intersection and (b) the union of the minimal unsatisfiable subsets 

of a clause set.  
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Motivation 

1. Automatic program verification rely on domain-specific heuristics 
constructed from program features (J. Leroux, et al 2016, Y. Demyanova, 
et al 2017, V. Tulsian, et al 2014).

2. Deep learning, a popular automatic feature learning technique, has been 
used to extract program features in many applications (C. Richter, et al 
2020, X. Si, et al 2020).

3. More and more studies represent code by graphs and extract program 
features by GNNs (A. Paliwal, et al 2019, D. Selsam, et al 2019).

4. Every study has unique graph representation and learning models.
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Challenges for learning program features to guide 
verification
1. The syntax of the source code varies depending on the programming 

languages, conventions, regulations, and even syntax sugar.
○ We use CHC as input.

2. Program feature extracting requires capturing intricate semantics from 
long-distance relational information based on re-occurring identifiers.
○ We introduce two graph encoding for CHCs.

3. Most of GNN models cannot deal with hypergraphs.
○ We introduce R-HyGNN, an extension of Relational Graph 

Convolutional Networks (M. Schlichtkrull, et al 2017).
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● Three minimum unsatisfiable cores 
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● Predict if a clause occurs in some minimum unsatisfiable cores 
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Solving CHCs by model checking
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Solving CHCs by counter-example guided abstraction 
refinement (CEGAR) based model checking
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Solving CHCs by counter-example guided abstraction 
refinement (CEGAR) based model checking
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Solving CHCs by counter-example guided abstraction 
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