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INTRODUCTION

Design Overview:

e Credit Based Flow Control (CBFC) is one of the PCle (PCl Express)
crucial feature.

FC mechanism is used by the Requester to track the queue/buffer
space available in the agent across the Link.
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¢ There are two sets of resources associated with each Virtual
Channel (VC):

» Dedicated pool

——» Shared pool

METHODOLOGY

Verification Techniques to overcome challenges

SST (State Space

Helper Assertion Tunneling)

Helper Assertion:

* Helper assertions are the assertions that assist in proving
other assertions in formal verification.
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* Write helper assertion on the subset of the Col of target assertion.
* Then make a use of proven helper assertion to prove the target
assertion.

RESULTS
¥ Assertion set as a helper.
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I Prove with —sst N and see the SST trace.
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SST trace has been found at 130th bound, which starts from the arbitrary state.

Analyze the SST waveform and write more helper assertions.
* Marking the property as “proven” is only a temporary step to evaluate
the effectiveness of the helper on the target property.
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* Run the property again.
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CHALLENGES

* Traversing the vast design space and managing runtime complexity is
a significant challenge in formal methods.
CBFC is particularly susceptible to this issue, as it requires tracking
multiple parameters, including available credits, updated credits, and
buffer size.
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* Virtual Channel (VE)

* Shared and Dedicated resources add high cyclic depth in the design,
resulting in high sequential complexity.

[

Traditional formal methods becomes impractical due to the huge state space,
leading to the computational complexity and prolonged run time

METHODOLOGY

SST (State Space Tunneling): SST Flow Chart
SST is used to overcome the
problem of state explosion.

Helps to identifying the exploiting

paths that are relevant to the
property being verified.

1. Identify the CQOI Signals
for the target assertion

2 Manually identify the
helper assertion

Use SST technique

* Analyze the SST trace.
Identify the irrelevant
scenarios

Keep the useful helper
assertion which pushes
the bound.

Discard the useless helper
assertion.

Prove the helpers

CONCLUSION
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In PCle, as the number of VCs increases, the state space grows
exponentially, making it computationally intensive to explore all
possible paths, especially when complex dependencies exist
between channels.

To overcome these challenges, “Advanced Formal Techniques”
such as Helper Assertions and State Space Tunneling were
employed.

SST lets you examine the challenges the engines are facing in
induction. Where they need to prove that a proof to bound N
implies the property is true at N+1. (i.e., assume P(n) is TRUE,
then prove P(n+1)).

By leveraging SST, we can effectively converge the undetermined
results into definitive proof, thereby facilitating a more efficient
analysis of state space without compromising accuracy.
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