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Example: Circuit computing max 
of three inputs.
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// Return the max value of three inputs.
module max3(

input [7:0] a, input [7:0] b,
input [7:0] c, output [7:0] result

);
wire [7:0] d;
// d = max(a, b)
assign d = (a>=b) ? a:b;
// result = max(d, c)
assign result = (d>=c) ? d:c;
// assertions
assert property (a <= result);
assert property (b <= result);
assert property (c <= result);

endmodule



•
• Ensure correctness
• Reused for regression test
• Compositional verification
• Help for unbounded checking

•
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•
•

• Specify invariants that must hold for all inputs.
• Checked by formal verification tools.
• Example: assert property (a <= result);

4/40



“ ”

5/40



𝐻 = < 𝑉ு, 𝐼, 𝑆, 𝑠଴, 𝑇 >
𝐴 α

α
• In all reachable state 𝑆, assertion 𝛼 should be true 
• 𝑆ఈ = 𝑆 𝛼 𝑠 = ⊤}, S ⊆ 𝑆ఈ

• We say  𝐻 ⊨ α
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• 1 2

• Use Trace-based, pattern matching 
• Require high quality of traces
• Require templates or hints.

•
assert property (a <= result);
assert property (b <= result);
assert property (c <= result);
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• uses simulation traces, model checking and counterexamples to guide 
synthesis

• generates formally verified specifications
• differentiate more design changes than SOTA
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• 𝑉గ

• 𝑉௜
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LY1 Spend more content on how varibale set are designed.
Leiqi Ye, 2025-10-02T16:37:50.862

LY1 0 Add more detail.
Leiqi Ye, 2025-10-02T16:38:37.697

LY1 1 Below all the slide 
Leiqi Ye, 2025-10-02T16:39:37.010
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{𝑐, 𝑏, 𝑟𝑒𝑠𝑢𝑙𝑡}

…………………



•
• Collect simulation traces
• Make full random assignment to i/o of the 

design
• Positive examples 𝑃 from  runtime traces
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•

• →

• → 𝑁
• → 𝑃

Negative 
states
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𝑎 = 1, 𝑏 = 1, 𝑑 = 2, 𝑟𝑒𝑠𝑢𝑙𝑡 = 3 ∈ 𝑆௥௘௔௖௛௔௕௟௘?

! 𝑎 = 1, 𝑏 = 1, 𝑑 = 2, 𝑟𝑒𝑠𝑢𝑙𝑡 = 3
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𝛼

• ∃𝛼. 
• ∀𝑠ା ∈ 𝑃, 𝛼 𝑠ା = ⊤
• ∀𝑠ି ∈ 𝑁, 𝛼 𝑠ି =⊥ Simulation 
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（CVC53 used
as core solver）
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LY1 Correct about the example.
Leiqi Ye, 2025-10-02T16:59:41.625

LY2 Say the we use CVC5
Leiqi Ye, 2025-10-03T15:14:29.606
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• 𝛼
• We only know 𝐻௜ ⊨ 𝛼

• 𝛼  𝐻
• If pass: we know 𝐻 ⊨ 𝛼
• If fail: return counterexample trace

• Add all states in the counterexample to 𝑃.
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(𝑎 <  (𝑎 | 𝑑))
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{𝑎, 𝑏, 𝑑, 𝑟𝑒𝑠𝑢𝑙𝑡} 𝑟𝑒𝑠𝑢𝑙𝑡 <=  (𝑎 | 𝑑)

{𝑎, 𝑏, 𝑟𝑒𝑠𝑢𝑙𝑡} a ≤ 𝑟𝑒𝑠𝑢𝑙𝑡

{𝑐, 𝑏, 𝑟𝑒𝑠𝑢𝑙𝑡}

…………………
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{𝑏, r𝑒𝑠𝑢𝑙𝑡}
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•

•

𝑉𝐶 =  
|𝐴௖௢௥௥௘௖௧|

|𝐴|
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•
•
•

•
• 1

// Return the max value of 
three inputs.
module max3(

input [7:0] a, input
[7:0] b,

input [7:0] c, output
[7:0] result
);

wire [7:0] d;
// d = max(a, b)
assign d = (a>=b) ? a:b;
// result = max(d, c)
assign result = (d>=c) ? 

d:c;
<= result);
endmodule
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// Return the max value of 
three inputs.
module max3(

input [7:0] a, input
[7:0] b,

input [7:0] c, output
[7:0] result
);

wire [7:0] d;
// d = max(a, b)
assign d = (a>=b) ? a:b;
// result = max(d, c)
assign result = (d>=c) ? 

d:c;
<= result);
endmodule

// Return the max value of 
three inputs.
module max3(

input [7:0] a, input
[7:0] b,

input [7:0] c, output
[7:0] result
);

wire [7:0] d;
// d = max(a, b)
assign d = (a<=b) ? a:b;
// result = max(d, c)
assign result = (d>=c) ? 

d:c;
<= result);
endmodule

Mutate

30/40



// Return the max value of three 
inputs.
module max3(

input [7:0] a, input [7:0] b,
input [7:0] c, output [7:0] 

result
);

wire [7:0] d;
// d = max(a, b)
assign d = (a>=b) ? a:b;
// result = max(d, c)
assign result = (d>=c) ? d:c;
// assertions
assert property (a <= result);
assert property (b <= result);
assert property (c <= result);

endmodule

// Return the max value of three 
inputs.
module max3(

input [7:0] a, input [7:0] b,
input [7:0] c, output [7:0] 

result
);

wire [7:0] d;
// d = max(a, b)
assign d = (a<=b) ? a:b;
// result = max(d, c)
assign result = (d>=c) ? d:c;
// assertions
assert property (a <= result);
assert property (b <= result);
assert property (c <= result);

endmodule
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// Return the max value of three 
inputs.
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// Return the max value of three 
inputs.
module max3(

input [7:0] a, input [7:0] b,
input [7:0] c, output [7:0] 

result
);

wire [7:0] d;
// d = max(a, b)
assign d = (a>=b) ? a:b;
// result = max(d, c)
assign result = (d>=c) ? d:c;
// assertions
assert property (a <= result);
assert property (b <= result);
assert property (c <= result);
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•

•
| 𝐻ᇱ ∈ 𝐻 𝐻ᇱ¬⊨ 𝛼}|

|𝐻|
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LY1 Eliazebeth: an you present the average sizes on behavioural and on structural verilog separately? otherwise hard to compare 
goldmine to others
Leiqi Ye, 2025-09-24T16:34:34.388



•
•
•
•

Harm smart
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LY1 Separation material
Leiqi Ye, 2025-09-25T09:35:12.519
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