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Agenda

 Overview of functional compliance verification 
methodologies

Traditional verification approach

Advanced verification approach

 Detailed review of the advanced verification 
methodology sign-off criteria

 Example of a real-life sign-off criteria for the 
verification of PCIe 3.0 Equalization procedure
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Overview: Traditional 
Verification Approach

 Directed Testing: Create a comprehensive list of 
all design features. Write testcase for each 
feature in the list

Advantages

– Great control for targeting specific design features

Disadvantages

– Writing and debugging of hundreds or even thousands of 
tests

– Finds only bugs you were looking for

– Maintenance nightmare
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Overview: Advanced 
Verification Approach
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Constrained-Random, 
Metric-Driven Verification

 Advantages

 Significantly reduces number of tests to be written

 Finds deeply hidden corner case bugs nobody thought of

 Uses clear sign-off metrics

 Gets to full closure faster

 Disadvantages

 Takes more time to first test
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Metric-Driven Verification 
Environment
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Verification Plan –Focus 
of Further Discussion
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Comprehensive 
Verification Plan is Key

 Since Verification Plan (vPlan) is used as an 
ultimate sign-off criteria, vPlanôs quality becomes 
of paramount importance

Must fully and comprehensively reflect the target 
specification

Must include clearly defined sign-off metrics
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Comprehensive vPlan 
Creation: Rule #1

 vPlan must be directly annotated from the target 
specification

 Identify and capture all areas in the specification 
which can be addressed by functional verification

– Electrical aspects are excluded since they cannot be verified 
by functional verification

Capture them by using special tools or a regular 
spreadsheet
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Specification =>
Verification Plan
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All Specification Rules 

Must Be Captured  

vPlan Structure Must 

Parallel Specification 

Structure  
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Comprehensive vPlan 
Creation: Rule #2

 Define clear coverage sign-off metrics

 Consider all possible scenarios and capture 
them as planned functional coverage items

Functional coverage items

– Traffic sent by DUT: to capture all types of transactions sent 
by DUT

ÅIncludes coverage for legal traffic only

ÅIllegal traffic generated by DUT must immediately be flagged 
out by checks and simulation must stop

– Traffic received by DUT: to capture all types of transactions 
received by DUT

ÅIncludes coverage for illegal traffic the DUT is subjected to in 
order to verify robustness of its design  
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Sign-off Metrics: RX Coverage

 Includes all legal and illegal combinations

 00 ïIllegal

 01 ïLegal (OS Block)

 10 ïLegal (Data Block)

 11 - Illegal
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Planned RX 
Coverage Item
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Sign-off Metrics: TX Coverage

 Includes only legal combinations

 01 ïLegal (OS Block)

 10 ïLegal (Data Block)

 Any illegal traffic coming out of DUT immediately flags 
out by checks and simulation stops
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Planned TX 
Coverage Item
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Comprehensive vPlan 
Creation: Rule #3

 Define clear checking sign-off metrics

 Consider all possible deviations from the legal 
behavior and capture them as planned check 
items

Checks to flag out DUTôs illegal behavior in response 
to legal and illegal traffic

Checks fire when DUT sends illegal traffic

Checks do not fire when DUT receives illegal traffic
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Sign-off Metrics: Checking

 Check fires if DUT transmits illegal sync header 
combinations

00

11  
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Planned Check
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Comprehensive vPlan 
Creation: Rule #4

 For each vPlan section, identify potential test scenarios 
needed to verify this functionality

 Though not a sign-off criteria, this information greatly 
helps in creation of constrained-random test cases
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Planned Test 
Scenario

Suggested 
Implementation
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Comprehensive vPlan 
Creation: Rule #5

 Keep your vPlan current to reflect changes in the 
evolving specification

Keep clear vPlan/Spec pairs for each spec revision of 
interest
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Functional
Specs

Verification
Plans
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Comprehensive vPlan 
Creation: Rule #6

 Hold in-depth vPlan review with your colleagues

The more eyes will examine your vPlan, the more 
accurate your sign-off criteria will be

Do not underestimate complexity of a quality vPlan!
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More Complex PCIe 3.0 
Example
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 Equalization Procedure, Phase 2

Upstream Port adjusts the Transmitter setting of the 
Downstream Port along with its own Receiver setting

RCEP

Downstream PortUpstream Port

Adjustment of 

Transmitter Settings
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Equalization Phase 2 
Sequence of Events

20

RCEP

Downstream PortUpstream Port

TS1s: EC = 10, Value C1

TS1s: EC = 10, Value C1’ Illegal/Unsupported

TS1s: EC = 10, Value C1’ Rejected

TS1s: EC = 10, Value C1” Legal

TS1s: EC = 10, Value C1” Accepted

TS1s: EC = 11, Value C2

Downstream Port

Initiates Phase 2

Upstream Port

Transitions to

Phase 3
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Let’s Focus on 
Downstream Lanes
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Relevant VE Topology
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Three Functionality Aspects
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 Functionality in this 
section could be broken 
down to

 Start of Phase 2

 Transmitter accepts 
proposed settings update

 Transmitter rejects proposed 
settings update
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vPlan: Start of Phase 2 
 Coverage:

 TX Phase 1 to Phase 2 
transition

 TX TS1 OSs with EC=10 on all 
lanes

 RX Illegal Phase 1 to Phase 2 
transition by Upstream Port

 Checks:

 DUT does not send TS1s with 
EC=10 on all lanes

 DUT sends TS1s with illegal 
presets or coefficients

 Error scenario:

 Illegal transition to Phase 2 by 
Upstream Port
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vPlan: Accept Transmitter 
Settings Update
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 Coverage:

 RX: Legal preset update request on 
all lanes

 RX: Legal coefficient update request 
on all lanes

 RX: Two last received consecutive 
TS1s have different preset value

 RX: Two last received consecutive 
TS1s have different coefficient value

 TX: Transmitter settings update 
accepted on all lanes

 Checks:

 DUT does not send TS1s with 
EC=10 on all lanes

 DUT sends TS1s with illegal presets 
or coefficients

 Transmitted TS1s do not reflect 
requested presets/coefficients
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vPlan: Reject Transmitter 
Settings Update
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 Coverage:

 RX: Illegal preset update request on 
all lanes

 RX: Illegal coefficient update request 
on all lanes

 RX: Two last received consecutive 
TS1s have different preset value

 RX: Two last received consecutive 
TS1s have different coefficient value

 TX: Transmitter settings update 
rejected on all lanes

 Checks:

 DUT does not send TS1s with 
EC=10 on all lanes

 Transmitted TS1s do not reflect 
requested presets/coefficients
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Exhaustive Analysis of the 
Entire Specification
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Apply the same 

exhaustive analysis 

to all sections in the 

specification
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Summary

 Constrained-random coverage-driven 
verification methodology is superior to the 
traditional directed testing approach

 High-quality metric-based sign-off Verification 
Plan is the KEY to exhaustive pre-silicon 
compliance functional verification
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Thank you for attending the 
PCI-SIG Developers Conference 2010.

For more information please go to 
www.pcisig.com


