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Problem: understanding PCIe performance behavior is difficult

Why PCIe is hard to reason about: We want a performance interface which is:

PCIe is a packet protocol: every transfer carries 
header and protocol overhead Predicti ve


      → enables throughput/latency/bottleneck analysis
Reads are split transactions: requests and 
completions travel separately Co mposable


      → combines across system components
Many requests can be in flight: devices track tens 
to hundreds of outstanding transactions. Resolution -adjustable


      → can trade accuracy for simplicity
Throughput and latency depend on request size, 
concurrency and the bus topology. Mini mal


      → exposes only performance-relevant elements
Measurements show what happens, but not why.

From PCIe hardware/software to a performance model

We model PCIe buffering, delays and credit-based flow control using Latency Petri Nets (LPNs).
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LPNs offer a formal framework to reason about PCIe behavior

Steady-state flow equations (Linear Programming) Recurring markings and simulation

Latency Petri Net: LPN State:
Edge flows:
Constraints: Recurrence search over sim. trace

For each :

Place conservation Transition consistency Cycle delay bounds

We can maximise the flow to obtain upper bounds on throughput!
We can identify recurring patterns to 

estimate throughput!

Latency Petri Nets can capture the mechanisms that shape PCIe 
performance in a form that is both analyzable and compact.

Interested in related topics? Talk to us or visit dslab.epfl.ch!
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