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High-level synthesis
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• We generated 6700 random C programs and gave them to four 
HLS tools (Intel i++, Xilinx Vivado HLS, LegUp, and Bambu).

Testing HLS tools

5
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Some bugs in HLS tools
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This code crashes LegUp 4.0

Hardware generated  
by Vivado HLS from this code  

outputs the wrong value
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Aside: bugs over time
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Can we have more 
reliable HLS tools?
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Vericert
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Vericert
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Correctness
• We prove the following theorem: 

• Roughly: 

• 1.5 person-years of effort,  

• 3k lines of implementation, 

• 8k lines of Coq proof.

11
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Correctness
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• From executing 155267 randomly generated C programs:  

• Aer fixing the bug in Vericert's prey-printer, we found 0 run-
time errors.

Beware of bugs in the above code; I have only proved it correct, not tried it.
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Performance
• Measured performance using the PolyBench/C benchmark. 

• 27 of the 30 programs in the benchmark are applicable (the 
others use floats). 

• We synthesised the designs for a Xilinx FPGA and measured 
their area and running time. 

• We compared against an open-source HLS tool called LegUp.

13
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Performance (1st aempt)
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Performance
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• Vericert is fully open-source and available on Github:

Further reading

16

hps://github.com/ymherklotz/vericert
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Further reading

17

OOPSLA '21

PLDI '24
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Where next?
• Operation scheduling 

• Resource sharing 

• Constant propagation, loop pipelining, … 

• Support more of the C language as input

18
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Logic synthesis
• We generated about 100,000 

random Verilog designs.

20
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Logic synthesis - results
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Logic synthesis - example 
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Vivado incorrectly expands 1'b1 to 2'b11 (should be 2'b01)
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Further reading

23

FPGA '20
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Stability
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Verilog RTL

logic  
synthesis
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Verilog RTL
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☹
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Stability bug
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95   wire foo;
96   some;
97   other;
98   stuff;
99   here;
100  wire baz;

95   wire foo;
96   some;
97   other; stuff;
98   here;
99   wire baz;

wire w95_foo;
wire w100_baz;

wire w95_foo;
wire w99_baz;
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Can we have more 
reliable logic synthesis 

tools?

26



John Wickerson Towards more reliable EDA tools

Verified logic synthesis
• Andreas Lööw at Imperial is building a verified logic synthesis 

tool in HOL4.
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CPP '21
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Testing equivalence 
checkers
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equiv 
checker

design 1 design 2

❌✅
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Testing equivalence 
checkers

30

equiv 
checker

design 1 design 2
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Testing equivalence 
checkers
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equiv 
checker

design 1 design 2

❌✅
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equiv 
checker

design 1 design 2

❌✅

gcc

design1 () {
  int a = 3;
  int b = 5;
  return a + b + 1;
}

design2 () {
  return 9;
}

9

42

design2 () {
  return 42;
}
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Testing equivalence 
checkers
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sc_fixed<8,3> a = 1.5;
sc_int<8> b = sc_int<8>(a); //b == 00000001 (✅)

//b == 00110000 (❌)

//a == 00110000.
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Further reading
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DVCon '24
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Can we have more 
reliable equivalence 

checkers?
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Vera
• An equivalence checker built and proven-correct in Coq. 

• Reduces the equivalence problem to an SMT query and uses 
SMTCoq to solve it. 

• Preliminary results on  
the EPFL benchmarks are  
encouraging (44 out of  
60 verify within a few  
minutes). 

• A subtlety: undefined  
behaviour.

36
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