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OverviewOverview
Using PCI Express does not automatically 
optimize performance.
PCI Express parameters such as TLP size, 
availability of flow control credits and latencies 
have a strong influence on the overall 
performance.
Due to the number of input factors it’s hard to 
predict the actual performance of a new device 
under real-life conditions.
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Goal of this presentationGoal of this presentation
Define performance parameters like Throughput, 
Efficiency and Utilization.
Show how TLP size, availability of flow control 
credits and latencies affect the overall 
performance.
Analyze the PCI Express performance of various 
systems.
Present potential improvement paths for 
increasing the overall performance.



Copyright © 2005, PCI-SIG, All Rights Reserved 6PCI-SIG Developers Conference

A first estimateA first estimate
What is the maximum Throughput you can get 
on a x1 link for read completions ?

The requester is able to accept completion packets 
at line rate.
The completer is able to send completion packets at 
line rate.
The completer splits the completion at each 64 byte 
Read Completion Boundary
1. 240 MB/s ?
2. 210 MB/s ?
3. 190 MB/s ?
4. 170 MB/s ?
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Throughput, Utilization and 
Efficiency
Throughput, Utilization and 
Efficiency

Throughput
Transferred data in bytes / second

Utilization
Percentage of link active bytes / total bytes

Efficiency
Percentage of payload bytes / link active bytes

Actual Throughput = 
Maximum Throughput * Utilization * Efficiency
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LatenciesLatencies
Request to Completion

Time between read request and first completion
Time between read request and last completion

Latencies that may decrease utilization
TLP to FC Update
FC Update to TLP
TLP to NAK / ACK
NAK to Replay / ACK to replay buffer free

RequestRequest DW 1DW 1 Completion 1Completion 1 Completion nCompletion n DW nDW n
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Latencies that may 
decrease utilization
Latencies that may 
decrease utilization

TLP to FC Update (FC out)
Distance between end of TLP and the FC update that 
gives back the credits that were used by the TLP

FC Update to TLP
TLP to NAK / ACK
NAK to Replay / ACK to replay buffer free

TLPTLP FCFC
FC out
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Latencies that may 
decrease utilization
Latencies that may 
decrease utilization

TLP to FC Update
FC Update to TLP (FC in)

Time between reception of a FC Update until the next 
TLP (that was waiting for credits) is sent

TLP to NAK / ACK
NAK to Replay / ACK to replay buffer free

FCFC TLPTLP
FC in
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FC Update latencyFC Update latency

A device may be forced to wait for credits
Depending on link speed and number of credits

TLP 0TLP 0 FCFC
FC out FC in

TLP 1TLP 1

FC Update latency
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FC Update latency (x1)FC Update latency (x1)

Need credits for sending 250 bytes ( 250 MB/s / 
1 us, header and payload) in order to achieve 
full line rate
Less credits will result in lower Utilization

TLP 0TLP 0 FCFC
FC out FC in

TLP 1TLP 1

FC Update latency (1 us)
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FC Update latency (X8)FC Update latency (X8)

Need credits for sending 2KB ( 2 GB/s / 1 us, 
header and payload) in order to achieve full line 
rate
Less credits will result in lower Utilization

TLP 0TLP 0 FCFC
FC out FC in

TLP 1TLP 1

FC Update latency (1 us)
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Latencies that may 
decrease utilization
Latencies that may 
decrease utilization

TLP to FC Update
FC Update to TLP
TLP to NAK / ACK (ACK/NAK out)

Time between end of TLP and the ACK DLLP that 
acknowledges the TLP

NAK to Replay / ACK to replay buffer free

TLPTLP ACKACK
ACK/NAK out
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Latencies that may 
decrease utilization
Latencies that may 
decrease utilization

TLP to FC Update
FC Update to TLP
TLP to NAK / ACK
NAK to Replay / ACK to replay buffer free

Time from reception of the ACK DLLP until the 
receive buffer is freed

Time from reception of the NAK DLLP until the TLP is 
replayed

NAKNAK ReplayReplay
NAK in

ACKACK Buffer freeBuffer free
ACK in
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ACK LatencyACK Latency

A device may be forced to wait for replay buffer 
space depending on link speed and replay buffer 
size

TLP 1TLP 1 ACKACK
ACK out

TLP 1TLP 1
ACK in

ACK latency
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Throughput, Efficiency
and Utilization
Throughput, Efficiency
and Utilization

Measure real-time actual 
performance numbers 
with a protocol analyzer

Does not evaluate the 
maximum capabilities of 
Device 1 or Device 2

Device 1Device 1

Protocol
Analyzer
Protocol
Analyzer

Device 2Device 2
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Measure maximum
performance values
Measure maximum
performance values

Use the protocol 
exerciser as ideal 
stimulus
Use the protocol analyzer 
to measure the actual 
performance numbers

Device
Under
Test

Device
Under
Test

Protocol
Analyzer
Protocol
Analyzer

Protocol
Exerciser
Protocol
Exerciser



Copyright © 2005, PCI-SIG, All Rights Reserved 21PCI-SIG Developers Conference

AgendaAgenda
Overview
Definition of Terms
Test methods and setup
Measurement results
Summary



Copyright © 2005, PCI-SIG, All Rights Reserved 22PCI-SIG Developers Conference

Actual Performance
on a x1 link
Actual Performance
on a x1 link
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Maximum Completion
Throughput (x1 link)
Maximum Completion
Throughput (x1 link)
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FC out latency (posted)
624ns – 240ns: 384 ns
FC out latency (posted)
624ns – 240ns: 384 ns
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FC in latency (completion)
432ns
FC in latency (completion)
432ns
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Performance improvement 
ways
Performance improvement 
ways

Efficiency:
Maximize payload size
Minimize overhead: Avoid unnecessary DLLP’s

Utilization:
Minimize FC latencies
Maximize (FC) buffer sizes
Minimize ACK latencies
Maximize retry buffer size
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SummarySummary
PCI Express parameters such as TLP size, 
availability of flow control credits and latencies 
have a strong influence on the overall 
performance.
Both sides of a link are influencing the overall 
performance.
For corner case measurements an ideal stimulus 
is required.
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Thank you for attending the 
PCI-SIG Developers Conference 2005.

For more information please go to 
www.pcisig.com
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