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Introduction
� Ever increasing complexity of Systems-On-Chip (SoCs) 

makes the verification harder and harder.
� Co-simulation/verification of hardware and software is now 

widely recognized as an important and viable verification 
approach.

� Traditional event-driven simulator has limitations on run-time 
performance [1].
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Cycle-based Simulation
� Benefit

� Fast simulation speed

� Limitation
� Handling multiple asynchronous clocks [7].
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Asynchronous Clock Models
� Approximated as synchronous clocks.

� Cycle errors are inevitable.
� Verification vector reuse
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Preliminary
� Simulation clock

� The only built-in reference clock
� Cycle-based simulation mechanisms

� Communicate and update mechanism
� Message-passing mechanism
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GCD (Greatest Common Divisor) Model

� Accurate and easy to implement.
� Impractical in real systems.
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Early/Late Edge Model

� Maximize the simulation performance.
� Cycle errors at the point of clock domain crossing.
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Late Edge Model: Asynchronous to Simulation
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Late Edge Model: Simulation to Asynchronous
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Cycle Errors due to Clock Models

� The cycle error is advent when 
� an edge of the simulation clock and one of the asynchronous clock 

become identical in C-level
� but their corresponding edges are not identical in RTL
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Cycle Error Correction
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Communicate and Update Mechanism
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Cycle Error due to Mechanism
� The method using the proposed synchronizer can 

be used to correct the cycle errors.
� The clock generator determines that a cycle error 

occurs …
� if edges of C-level are identical but the corresponding 

edges are not in RTL
� if the edge of the receiving clock is inactive
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Experiment

� We simulated the sample circuit on a cycle-based simulator 
MaxSim [10].

� PC with a 2.53 GHz Pentium 4 processor with 512 MB 
memories.
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Result
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Conclusion
� Asynchronous clock models

� GCD model
� Early/late edge model
� Early/late edge model with correction

� Overcome the limitation of the cycle-based 
simulation
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