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REVEAL

Formal equivalence verification of Verilog designs
Based on automatic datapath abstraction & 
refinement
Leverages recent advances in scalable automated 
reasoning methods
Suitable for verification of (control logic of) pipelined 
microprocessors against their ISA specs
Extensible (through suitable definition of 
“equivalence”) to other high-performance 
microarchitectures
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CEGAR with Enhanced Refinement
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Property Satisfied by Abstract Model
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Running Example

module example();
wire [3:0] a, b;
wire m =a[3]; // msb
wire l = a[0]; // lsb
wire c = m? a >> 1 : a;
wire d = l? b >> 2 : c;
wire e = m? a  : a >> 1;
wire f = l? {2’b00, b[3:2]}  : e;
wire p = !(a == 0) || (d == f);

endmodule;
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1st Iteration: Counterexample
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1st Iteration: Localize Counterexample
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1st Iteration: Generalize Counterexample
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1st Iteration: Minimal Abstract Explanation
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1st Iteration: Minimal Concrete Explanations
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2nd Iteration: Counterexample
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2nd Iteration: Localize Counterexample
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2nd Iteration: Generalize Counterexample
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2nd Iteration: Minimal Abstract Explanation
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2nd Iteration: Minimal Concrete Explanations
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Preliminary Evaluation: Benchmarks
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Preliminary Evaluation: Verification Results
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Other Refinement Strategies

Bit Slicing: admit “mistake” and blast terms back to bits
Find multiple explanations of the violation from the abstract 
model
Generalize (and store) inferred “facts”:

( )( ) ( )[ ]= ¬ =Viol CT2 zero,EX4 pc EX4 pc

( )[ ]′ = ¬ ∀ ⋅ =Viol T CT2 zero,T T



Extensions: Apply on Real-World Examples

Broader category of pipelines and architectures
Out-of-Order Execution
Superscalar / VLIW
External and Internal Exceptions (Interrupts)
Speculation
Hierarchical Memory

Other abstraction schemes to prevent blow-up of              
CLU formulas

Predicate abstraction
Temporal abstraction


