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Miter Circuit
Datapath Circuit
with many XOR chains 

[Courtesy  Wikipedia]

Datapath Circuits & AIG & Miter

And Inverter Graph(AIG)
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Reasoning tools

Miter Circuit
AIG

Tseitin Transformation Boolean Formula
Conjunctive Normal Form（CNF）

SAT solver BDD solver EPS Tool

The Satisfiability Problem The Binary Decision Diagram Exact probability-based simulation 
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Simulation & EPS 
• Logic Simulation & Exhaustive Search

0 …0 0

• EPS（Shih-Chieh Wu，et al. ATS 2006）  

Compare the number of pairwise output

the probability for the � − �ℎ PI should be assigned to 1/��
�1 = 3

bitwise-AND (∩)    bitwise-INV

Backgroun
d

1/3
1/5
1/17

Exhaustive Search 

1
0
1

0
1
1

0
1
0

…

Logic Simulation



Z.Chen, X. Zhang, et al. SKLCS Lab.ISCAS & CURE 
Lab.CUHK   

Integrating EPS into Sweeping for Datapath CEC 709/30, 2023

Backgroun
d

SAT/BDD – Sweeping Flow
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Methods Motivating Example

• ec_h1 :  an industr ia l  instance f rom 
designing long bit-wise arithmetic circuits.

• ABC &cec cannot solve this instance.

• 220 rounds logic simulation randomly.
• 113 potential-equivalent node pairs.
• 48 different structure

• SAT solver kissat-MAB  vs.  EPS

SAT and EPS are complementary
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Methods Framework of hybridCEC

Potential-Equivalent Pairs
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Methods Improved Exact Simulation

• EPS algorithm in assigns 1/�� for the �-th PI. For a circuit with � PIs, the value �-th becomes a large 
integer �1�2…��/�� after reducing to a same denominator and eliminating the denominator.

• Each PI needs 2� bits width because of the there are 2� possible assignment patterns, which is 
memory costing.
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Methods Selection Heuristic

SAT EPS

• The runtime is determined by the number of PIs
• Large but with simple structures
• Inefficient for circuits with many XOR chains
• Runtime can be considered as the time to refute XOR blocks

12

|b1|=3

|b2|=2

|b3|=1

• B is one XOR block
• BS is the set of XOR blocks
• N is the number of PIs

2|푃�|

V S
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Methods Selection Heuristic

SAT EPS

Score > 0.15, pick EPS;
Score < 0.15, pick SAT

V S
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Methods Identical Structure Detection (ISD)

Sweeping： SAT checking � ↔ �
SAT checking �′ ↔ �′ (slow)

 

ISD： SAT checking � ↔ �
because  � ≅ �′, �  ≅ �′ (fast!)

so �′ ↔ �′
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Experimen
ts

Settings

• 50 industrial datapath circuits, which are AIG miters:
• dp: datapath circuits with multiply-add hybrid arithmetic units
• dpm: small datapath circuits with mainly multipliers
• ec: mixed of dp and dpm.

• AMD EPYC 7763 CPU @ 2.45Ghz, 64 cores*2, 1T RAM, Ubuntu 20.04 LTS 
(64bit).

• CUTOFF = 3600s, `TO’ is stand for timeout

• Competitors of hybridCEC:
• ABC &cec (state-of-the-art CEC SAT-sweeping tool)
• Pure SAT (state-of-the-art SAT solver kissat-MAB)
• Pure BDD (state-of-the-art BDD solver KCBOX)
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Experimen
ts

Comparison with SOTA

… … …
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Experimen
ts

Behavior Analysis

… … …

• The number of pairs (Pairs)
• The number of pairs reduced by ISD (ISD)
• The number of SAT calls (#SAT), EPS (#EPS), and the time used in SAT solver (TSAT) and EPS (TEPS)
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Experimen
ts

Strategy Assessments

… … …
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Conclusio
ns

• A hybrid CEC algorithm called hybridCEC for Datapath circuits.

• In the future, we plan to develop a parallel version of hybridCEC.
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