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Define Completeness Criteria
For each compliance check X

Read the check definition
Define the possible scenarios
Define when your device is “X compliant”

Identify ALL possible and legal scenarios
– Completions for the different types of requests
– Completions for the attributes
– Completions for TCs

Example:
TXN.2.21#19 - “Completions headers must supply the same values for the Requester ID, Tag, 
Attribute and Traffic Class as were supplied in the header of the corresponding request”

Requests

Attributes

TCs
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Completeness Status Example 

Functionality 
Checking IS 

Complete

Functionality 
Checking is 

NOT Complete
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Create Self-checking Logic

1. Define completeness criteria for each check

3. Create intelligent stimuli generation to fill criteria 

2. Create self-checking logic in testbench

4. Assess and report status of completeness
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Create Self-Checking 
Logic in Testbench

For each compliance check
Implement an automatic check for all possible scenarios
Check should be as generic as possible
Check should be tested well to eliminate false alarms

Example:
TXN.2.21#19 - “Completions headers must supply the same values for 
the Requester ID, Tag, Attribute and Traffic Class as were supplied in the 
header of the corresponding request”

For each completion:
check that completion.id == request.id

else dut_error();
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Create Intelligent Stimuli 
and Assess Completeness

1. Define completeness criteria for each check

3. Create intelligent stimuli generation to fill criteria 

2. Create self-checking logic in testbench

4. Assess and report status of completeness
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Create Intelligent Stimuli 
Generation To Fill Criteria

For any given functionality and its 
corresponding checks:

Environment must create massive stimuli 
(randomly)
Environment must also generate directed stimuli 
(precisely)

Issues still to be addressed:
“How do we create tests to cover all these 
scenarios?”
“After running these tests, key areas are still 
uncovered.  How do we revise/tune tests to fill 
coverage holes?”
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Common Approaches Inadequate 
for PCI Express’ Complexity

Directed tests (no matter how many) unable to 
provide needed variety of check related 
scenarios
Manual test writing to reach coverage holes 
inadvisable:

Requires extensive protocol knowledge 
Time consuming
Risky
Significant maintenance burden
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Random Tests Necessary 
But Not Sufficient

Random test limitations 
Difficult to control and direct to specific areas
Complex scenarios take too long to reach

extend MY_RANDOM_TEST {
body()@ driver.clock() 
is {

do tl_pkt; // 
generate random TLP
};

};

How do I  fill 
the coverage 
holes using 
this test ?!? 

How do I  fill 
the coverage 
holes using 
this test ?!? 
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New, Hybrid Approach Needed
Maximize Controllability

Enable random tests steering to specific areas
Maximize Predictability

Automatically provide status reports
Provide visibility into effort required to reach closure

Minimize Resource Requirements 
Ensure reusability
Apply different functional subsets in parallel
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Proposed Solution:
Structured Random Test Suite

Built from random tests 
Grouped according to PCI-SIG® compliance 
checklist

Direct mapping between compliance check list, 
verification plan, and test suite sections

Each test or group controllable separately  
Makes PCIe compliance verification manageable
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Random Test Suite Structure
Reflects Spec’s structure

top_test_suite
tl_test_suite
dll_test_suite

dlcmsm_test_suite
Random DLCMSM  tests

fc_init_protocol_test_suite
Random FC INIT protocol 

tests 
dllps_test_suite.vsif

Random DLLPs tests
data_integrity_test_suite

Random Data Integrity tests
pl_test_suite
pm_test_suite
sys_test_suite
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Best Practices to Reach Compliance

2. Simulate using selected test suite group

3. Extract related coverage

5. Tune test suite to reach uncovered scenarios

4. Analyze coverage; identify holes

1. Run the full random test suite Coarse 

Fine 

Medium
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Run Full Random Test Suite

group vr_pcie_test_suite {
seed : random; 
group pl_test_suite {

#include phy_layer_test_suite.vsif
};
group dll_test_suite {

#include data_link_layer_test_suite.vsif
};
group tl_test_suite {

#include transaction_layer_test_suite.vsif
};
group pm_test_suite {

#include power_management_test_suite.vsif
};
group cfg_test_suite {

#include configuration_test_suite.vsif
};
group  multi_layers {

#include multi_layers_test_suite.vsif
};

};

All tests use random seed

All test suite 
sections included 
in top level test 
suite file

CoarseCoarse
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Extract & Analyze Coverage 
Collected From Test Suite

Only 37% 
overall grade

PH5
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Add Tests At Section Level 
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group dll_test_suite {
seed : random;

group dlcmsm_test_suite {
count : 1;
#include pcie_dlcmsm_test_suite.vsif

};
group fc_init_protocol_test_tuite {
count : 100;

#include pcie_fc_init_protocol_test_suite.vsif
};

group dllps_test_suite {
count : 1; 
#include pcie_dllps_test_suite.vsif

};
group data_integrity_test_suite {

count : 100;
#include pcie_data_integrity_test_suite.vsif

};
};

Resimulate Focusing on 
Selected Test Suite Group

Increase 
number of 
runs x 100 for 
sections with 
low coverage, 

group dll_test_suite {
seed : random;

group dlcmsm_test_suite {
count : 1;
#include pcie_dlcmsm_test_suite.vsif

};
group fc_init_protocol_test_tuite {
count : 100;

#include pcie_fc_init_protocol_test_suite.vsif
};

group dllps_test_suite {
count : 1; 
#include pcie_dllps_test_suite.vsif

};
group data_integrity_test_suite {

count : 100;
#include pcie_data_integrity_test_suite.vsif

};
};

Medium
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Coverage Results Now Improved
DLL coverage grade now up to 83%

Next step: examine remaining holes
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Identify Specific Item Coverage Holes
PH7
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Increase Number of Specific DLL 
Random Tests To Cover Item Holes

group data_integrity_test_suite {
seed : random;
test ack_for_unacked_tlps {
top_files : data_integrity/test_ack_for_unacked_tlps.e;

};

test ack_nak_during_replay {
top_files : data_integrity/test_ack_nak_during_replay.e;

};

};

Run constrained 
random tests to 
cover specific 
coverage holes

Fine 
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DLL Section Fully Covered

100% grade in 
overall DLL 

section
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What’s next?
Maximize automation
Randomly structured test 
suite provides direct 
connection between test 
and coverage areas
This infrastructure can be 
automated

Coverage analyzed 
(automatically) after each 
specification section 
simulated
New tests generated to 
reach uncovered scenarios
Multiple iterations until 
coverage goals reached

Coverage 
Analyzed

New tests generated 
for uncovered areas

Run (Improved)
Test Suite

PH
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Summary: Structured Random 
Test Suite Advantages and Benefits 

Maximizes controllability 
Full control over stimuli generation at any granularity

– Full specification
– Per section
– Specific functionality

Maximizes predictability
Provides visibility into effort required to achieve full compliance
Status is quantified and always available

Minimizes engineering effort 
Eliminates maintaining large numbers of tests
Generates multiple scenarios with random engine reuse
Enables parallel verification on multiple protocol sections
Minimizes protocol expertise required

Coarse 

Fine 

Medium




