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" Define Completeness Criter

= For each compliance check X
v Read the check definition
v" Define the possible scenarios

v Define when your device is “X compliant”

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”

v" Identify ALL possible and legal scenarios
— Completions for the different types of requests
— Completions for the attributes
— Completions for TCs

- TCs

V4
|
Requests i H

Attributes
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% | Verification Plan Tree (pcie_def*) lhatl Bucket Analy: _Bucket Anal SIS[2

File Edit ¥iew Analysis Options Eile Edit  View Anahsis Options
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Export | Info \-’l_g_\_n\rs Runs Report ey Export Buckets Holes Project . .
o, o, = = [: Buckets of Item: vr_pcie_tl_monitortx_tl_cmpl_pkt_endediper_type).cross_req_| Fu n Ctl O n al |ty
B Ee 3 i .
Read Reload | Perspective | Rank Correlate | Sou Al least . 1 Ch ec kl n g IS
S e e Buckets Tahle
=} Goal Relative  vPlan = | = = = |
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L NIA 12 2114 TN.C. 2 11 (NAY CFGRDO DEFAULT_ORDERING_DEFAULT _SMOOP O I
T T MEDLK DEFAILT _ORDERING_DEFAILT _SHOOP {0
DI [E8] 1.2.21.15 Tin.2.21#19 '
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MED DEFAULT _ORDERIMGC_DEFAILT _SHOOP
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DEFAULT _ORDERIMNG_MNO_SMNOOP
RELAX_ORDERING_DEFAULT _SMOOP
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L
@ - B 10wk DEFALLT _ORDERING_DEFALLT _SNOQOP 0 3 50 1
@ [1oo] [B crcrDO DEFALULT _ORDERING_DEFAULT SNOOP 0 3 25 1
@ CFGRD1 DEFALLT _ORDERING_DEFALLT _SNOQOP 0 4 28 1 —
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©® [Loo] [© mrD DEFALLT_ORDERING_DEFALLT_SHOOP 5 4 46 1 —
5] - l MRD DEFALLT_ORDERING_DEFALLT_SHOOP 3 3 43 1 —
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" Create Self-checking Logic

+— 1. Define completeness criteria for each check

l

2. Create self-checking logic in testbench

I

3. Create intelligent stimuli generation to fill criteria

l

4. Assess and report status of completeness

!
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eel. Create Self-Checking EQL
Logic in Testbench

= For each compliance check
v Implement an automatic check for all possible scenarios
v Check should be as generic as possible
v" 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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eel__ Create Intelligent Stimul
and Assess Completeness

> 1. Define completeness criteria for each check

|

2. Create self-checking logic in testbench

I

3. Create intelligent stimuli generation to fill criteria

l

PCI >

EXPRESS

4. Assess and report status of completeness

!
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eaf__ Create Intelligent Stimuli  £8&
Generation To Fill Criteria

= For any given functionality and its
corresponding checks:

v" Environment must create massive stimuli
(randomly)

v Environment must also generate directed stimuli
(precisely)

= |ssues still to be addressed:

v “How d_o we create tests to cover all these
scenarios?”

v' “After running these tests, key areas are still
uncovered. How do we revise/tune tests to fill
coverage holes?”
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~¥sie Common Approaches Inadequate =®ssss
for PCl 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:
v" Requires extensive protocol knowledge

Time consuming

Risky

Significant maintenance burden

AN NI
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e Random Tests Necessary

But Not Sufficient

= Random test limitations

v Difficult to control and direct to specific areas
v Complex scenarios take too long to reach

extend MY_RANDOM_TEST {
body(OQ@ driver.clock()
1s {
do tl _pkt; //
generate random TLP

How do | fill

the coverage
holes using
this test ?!?
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File Eclit  Wiew Fefinement Options
= g 8
| Export | Info Wiews Runs Report
- = = = =y = e D H
=te il £ N == Le] = -9 e |

Ii:.

Fead FReload | Parspective

Zoal Relative
Crade

D‘;- wPlam: fvobs/Sspecwarepackages/w_pciewmi /P CI
Perspecitive: Endpoint, AEFE = Off, %WiZ 1-7 = Off, «

T (=

vPlan

=3 4 Endpoint, &FR = OFf, Wi 1-7
=--[ 4.1 PCIE _instance
&3 4.1.1 TPL Compliance Check List

Off, Completer Abort OTf, Config ReECUEST Retry 51

4 1.2 THM Campliance CHerk List
- = <4.1.2.1 Transaction Laver Protocol — Packet Definition (02 _02")
= 4.1.2.2 Handling of Received TLF=s (02.0Z%™)
- =2 4.1.2 2 Tran=saction Ordering {02 047
=3 4.1.2 .4 vWirtual Channel (¢C) Mechanism (02, 05%)
3 4_.1.2.% Ordering and Receive Buffer Flow Control (02, Q&™)
-2 4.1.2 .6 Data Integrity (02 . 07™)
=3 4_.1.2.7 Completion Timeout Mechanism (Q2. 8™
O [===1 4.1.2 .2 Link status Dependencies (02 .09™)
607 4.1 % DLL Compliance Check List
= 4. .1 Data Link Lawver Owersiew (02 017)
= [ 1 <. .2 Data Link Control and Management State Machine (02 _02™)
= 4. .2 Flowe Control Initialization Protocol (03, 037)
(B 2.4 Data Link Lasver Packets (DLLFs) (OZ . 047
= 4.1.%.5 Data Integrity (03 Q5™
4.1.4 PHY Compliance Check List
4.1.5 PM G Compliance Checle List

u
a

4. 1.& 575 Compliance Check List
4. 1.7 CFC Compliance Check List

w
o
#

yinvw 2uurs, FLI-OI19, All KIYIILS ESEIveu
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" New Hybrid Approach Needed

—
= Maximize Controllability
v Enable random tests steering to specific areas

= Maximize Predictabllity
v Automatically provide status reports

v Provide visibility into effort required to reach closure

= Minimize Resource Requirements

v Ensure reusability
v Apply different functional subsets in parallel
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ea{__ Proposed Solution: o
Structured Random Test Suite

= Built from random tests

= Grouped according to PCI-SIG® compliance
checklist

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

= Each test or group controllable separately
v"Makes PCle compliance verification manageable
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T

Random Test Suite Structure

18 Adobe Reader - [PCI_Express_Base_11.pdf]
",_f Fle Edt View Document Tooks Window Hep

zOpen HSaVeaCnpy ~ Print @ Emai ﬁSeamh ‘”‘:[:T Select Text Lﬂl @& % d D‘D @ 63%

= 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

PCI-SIG Developers Conference

- @ oy é}[eﬁnnks o

- BX

o | X

Great affers

from Adobe

(% Objective of the Specification
(% Document Organization
[ Documentation Conventions
[ Terms and Acronyms
(% Reference Documents
#21. Introduction
#l2, Transaction Layer Specification
#l13, Data Link Layer Specification
13,1, Data Link Layer Overview
#1332, Data Link Control and Management State Machine
#1133, Flow Control Initalization Protocal
#1434, Data Link Layer Packets (DLLPs)
#1033 5. Data Integrity
#l14, Physical Layer Specification
#15, Power Management
#lli6, System Architecture
#17, Software Initalization and Configuration
#B A Isochronous Applications
(8. Symbol Encoding
BC. Physical Layer Appendix
(2D, Request Dependencies
[ Acknowledgements

& Options + x

PCI Express™
Base Specification
Revision 1.1

March 28, 2005

PCI>
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3
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10508

)
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PCI=>

Best Practices to Reach Compliance

Fine

PCI-SIG Developers Conference

1. Run the full random test suite

2. Simulate using selected test suite group

A 4

3. Extract related coverage

A 4

4. Analyze coverage; identify holes

l

5. Tune test suite to reach uncovered scenarios

|

Copyright © 2007, PCI-SIG, All Rights Reserved
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PCI=>

**Run Full Random Test Suite

group vr_pcie test suite {
group prrest_suite {

#include phy_layer_test_suite.vsif

5
group dll_test suite
#inclg

8

group pm_test suite

group cfg_test suite
#incly@e configuration_test_suite.vsi
h

group multi_layer

PCI-SIG Developers Conference

All tests use random seed

ge data_link_layer_test_suite.vsi

group tl_test_suite
#includ@transaction_layer_test_suite.vsi
i

£ bower_management_test suite.vsif _2

multi_layers_test_suite.vsif

All test suite
sections included
In top level test
suite file
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*se Extract & Analyze Coverage =&
Collected From Test Suite

File Edit Wiaw aAnalysis FEefinemsasnt OpTions

S Tl Only 37%
| BExport | Info Wiews RKuns Feport ” d
= ' ' overa rade = .
s st S = 3 J 22 H B
Reoad Reload Pars pactive Fank Corr
L3 a Tl vPlan: Sobs/specware S packages S _[pcle
£ vPlan = Grade Perspective: EncPoint, AER = On, WC 1-7 =

Encnff:ﬁnt, AFEF. = On, Wi Z 1-7F = Off, Caompleter alaort = Off, Config Fequest Fe
2 L Flle_instance

t]:x 1.1 TPL Compliance Check List

|i-l—_| 7.1.2 TN Compliance Check List

- [55% ] 7.1.2 DLL Compliance Check List

--[3 7.1.2.1 Data Link Layer Owverview (03.0L1™)

E [ m F.1.2.2 Data Linls Control and Managomeoent State Machine (02 02"
E—'r—_l 11% | 7.1.2.2 Flow Control Initialization Protocol (02 02"

|.+||2l EEEET] - 1. 2.9 Lata Link Layer Packets (DLLES) (02 047™)

- 7.1.2.5 Data Integrity (02 . 05"}

3
._:_||'“__| S22 F.1.5% PMOG Campliancoe Chocls List
= 7.1.6 5¥S Compliance Check List
-2 SOL.s LHL Comphance Check List
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PCI ¢ PCI =
EXPRESS

™ Add Tests At Section Level

=2 [55%] 7.1.2 DLL Compliance Check List
— 7.1.%.1 Data Link Laver Owverview (03 017
- [ 7.1.3.2 Data Link Control and Management State Machine (032.02%)

(] 50% ()7 1.2.5 Data Integrity (02 . 05™)

PCI-SIG Developers Conference Copyright © 2007, PCI-SIG, All Rights Reserved 19



s Resimulate Focusing on

Selected Test Suite Group

PCI-SIG Developers Conference

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

I
group protocol_test_tuite {
cou
#incl(@e#icie_fc_init_protocol_test_suite.vsif
}.

group dlips_test_suite {
count: 1,
#include pcie_dllps_test_suite.vsif

h

group dg#® ROrity test_suite {
#include=ee® data integrity test_suite.vsif
Ji
It

Copyright © 2007, PCI-SIG, All Rights Reserved
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number of
runs x 100 for
sections with
low coverage,
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PCl ¢ PCI >
e EXPRESS

Coverage Results Now Improved

= DLL coverage grade now up to 83%

%] 4.1.2.2 Data Link Cantraol and Managemem State Machine (03.02™)

4.1.2.2 Flow Control Initialization Protocol (03 .02™)
D D m 4.1.2.2.1 General (032, 03 00*}

- m [58.79%] 4.1.2.5 Data Integrity (02.05™)
DD [5313%] 4.1.2.5. 1 LCRC, Sequence Mumber, and Retry Management (TLP Transmitter) (03,05 02™)
m-3 4.1.3.5.2 LCRC and Sequence Mumber (TLP Receiver) (03.05.03%

= Next step: examine remaining holes

PCI-SIG Developers Conference Copyright © 2007, PCI-SIG, All Rights Reserved 21



PCIi ¢
SIG

ldentify Specific Item Coverage Holes

*  Verification Plan Tree (PCIE*)

PH7

File Edit Wiew Analysis

Fefinemant Opticons

Bucket Analysis [0]

£

| BExport | Info Views Runs Rs

| Fead Reload | Parspective

7z wPlan =0

=-13 #:
-0 =
: --I:I 10001
0 [Aoon
o e Y |
=

LR
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O

Eile  Edit Wiewe  Analwsis Dptions

H.HEH. » 3

Export Buckets

o [ee

Haolas

Project

1
z
e |

F:

Buckets of ltem:
wvi_pcie_dll_monitorrx_ack _pkt_ended.cross__retry_buffer_size__ack_acknowl

lps

Buckets Table

Ar least @ 1

retry_buffer_size

e
=

ack_acknowledges_outstanding_tips < |[Count = |1

Up 1o 2046

FALSE

Up 1o 2046

TREUE

2047 — retry buffer full

FALSE

2047 — retry buffer full

TRUE
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Y <. 1.2.5.1. 1.4 DLL.OS . QZ#22 — 03
EROTE] 4.1.2.5.1.1.5 DLL.OS . QZ#232 — 03,
- L 4.1.2.5.1.1.6 DLL.OS.02#24 — 03,

B ACK_DLLP received while there 3
SO TS 4.1.2.5.1.1.7 DLL.OS.02#25 - 02,
ERIEY 4.1.2.5.1.1.8 DLL.OS QZ#2& — O3
- L= 4.1.2.5.1.1.9 DLL.OS.02#27 — 03,
IO EEEEE 4.1.2.5.1.1.10 DLL OS5 . 02#25 - 02.05 .02 01#10

L5
05,
0%,

05,
L5
0%,

02 0104
02 01#05
02 D1#H#0E
outstanding TLPs.
02 D107
02 Q1408
02 01#&#05

22



PCIi ¢ PCI >

~vsie Increase Number of Specific DLL =®=s=
Random Tests To Cover Item Holes

Run constrained

_ _ _ random tests to

group data_integrity test_suite { cover specific
seed : random; coverage holes

Qest ack for_unacked tlps 12

top_files : data_integrity/test_ack for_unacked tlps.e;

J

est ack_nak_during_replay I

top_files : data_integrity/test_ack nak_during_replay.e;

J

Fine )
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™ DLL Section FuIIy Covered

File Edit “iew Analysis Hefinement Options
=] "
£ E NS 100% grade in
Export | Info Views FHuns FReport
e - overall DLL
L s Sy E
| Read PReload | Perspective’| Fank Corpglate [Sol Y 222 = e B
e Coal Relative v Pl 5pecware;packageﬂw_pciehrm,f
2 g Co
£ vPlan Grade fve: Encpoint, AER = OFf, %¥C 1-7 = O
= D E=EEE] 4 Endpoint, AER = Z Off, Completer Abort = Off, Config Request Re
=0 S 4.1 PCIE_instanc
E-C0 411 T mpliance Check List
I:I ] 4 ¥M Compliance Check List
EI---r:I U] 4.1.2 DLL Compliance Checlk: List
- (3 4.1.2.1 Data Link Layer Owerdew (02 .01%)
i EI RE] 4.1.2.2 Data Link Control and Management 5tate Machine (2. 02™)
@ [T 4.1.3.3 Flow Control Initialization Protocal (03.03%)
i EI RE] 4.1.2.4 Data Link Laver Packets (DLLPs) (03 . 04™)
- @ B 4.1.3.5 Data Integrity (03.05%)
- [EFEEE] 4.1 4 PHY Compliance Check List
-0 (BBl 4.1.5 PMG Compliance Check List
- [FEEEE] 4.1 6 5vS Compliance Check List
-0 e 4.1 7 OFG Compliance Check List
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‘SIG

‘What's next?

= Maximize automation

= Randomly structured test
suite provides direct
connection between test
and coverage areas

= This infrastructure can be
automated

v Coverage analyzed
(automatically) after each
specification section
simulated

v New tests generated to
reach uncovered scenarios

v Multiple iterations until
coverage goals reached

o5

Run (Improved)™ Coverage
Test Suite Analyzed

o .

New tests generated
for uncovered areas
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R Summary: Structured Random cxness

Test Suite Advantages and Benefits

= Maximizes controllability

v" Full control over stimuli generation at any granularity
— Full specification
— Per section
— Specific functionality
= Maximizes predictability
v" Provides visibility into effort required to achieve full compliance
v’ Status is quantified and always available

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

Fine
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