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Presentation Disclaimer: All opinions, judgments, recommendations, etc.
that are presented herein are the opinions of the presenter of the material
and do not necessarily reflect the opinions of the PCI-SIG®,
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*2L.. PCle 2.0 => 3.0 Verification =&
Challenges and Concerns

AfiHow do | trace all thc
AfiWhat should be changec
AfiHow do | minimize the
AfifHas somet hing got br ok
AfiHow do | know that al l

been tested?0o0

Aidls my desi ckwar d
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"2 Quick Overview: POI>
Traditional Verification Approach

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

V Advantages
I Great control for targeting specific design features
V Disadvantages

I Writing and debugging of hundreds or even thousands of tests
I Finds only bugs you were looking for
I Maintenance nightmare
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Advanced Verification Approach

PCI Express®
Base Specification
Revision 3.0
November 10, 2010
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= Flexible Verification Environment

What it takes to make a flexible verification
environment?

A Modularity
V Have independent, Reusable modules
V Create extendable building blocks
V Keep clear Encapsulations

A Up to date verification plan
V Bind your verification plan to the spec
V Have a change tracer mechanism
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ee{__ Modular Verification PRl
Bqulng Blocks

A Create Base class for modules/data items

description

EXPRESS

A Extend it according to latest spec additions
V'  Example: Physical layer packet definition:

Class pcie_base packet extends
uvm_sequence_item;

rand byte unmﬂyload[];
é

Base packet
definition is
endclass : pl_bs reusablefor_future
— spec versions

class

GEN3

_pl_base packet extends

pcie_base packet;

rand bit unsigned|1 Length;

rand bit Parity;
rand bit unsigned[3:(

Extending the
base packet

endclass : GEN3 pl_bg according to

spec changes

i\ —
UVM SystemVerilog
-

—/
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ee{__ Modular Verification SO
Building Blocks

A Keep Independent, reusable, VE components
Test I~
L
Suite VIP
BFM
TL |DLL|PL
S
Independent Verification
plan, contains
@ scenarios/test cases
VIP Monitor © e
Reusable tests are 25 oA BT =
written independently on 2¢ vPlan con Goal Relative

top of abstract BFM API

=30 [E#= ] 4 Endpoint, AER = Off, wC 1-F =
=3 [E8%] 4.1 PCIE_instance

Monitors bus activity = =] _ 4.1.1 TPL Compliance Chen
. EI 4.1.2 TxM Compliance Che

and DUT behavior,

Collects raw coverage

03 <+.1.2.1 Transaction La
<+, . 1.2.2 Handling of Fet
4.1.2.2 Transaction Or
e

I:I
I |
I |
I‘__I 1.2.4 “irtual Channel

TEEE D
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eeg__ Verification Plan and aob

gn-off metrics

&
Test VIP
Suite=BFM
D>

Enables Measuring Progress
Towards Verification Closure

; vPlan: fhomefdimit ewi_libwr_pciefoms lan fPCIEwPlal
DE VPIaI‘] =1 GD%E[EEE““E Refine:nent hﬁude:rlngcal Hibhrpeiel fopland
oo P jve: i = 0, iz 1—? = Iff Comp!ete
=0 =] 7 | EndPDintI,&ER = onfwC 1-7 = OffICDmpleter Abor = OffIICanig Request Retws-]F:
=03 [I3%] 7.1 - PCIE_instance :
VIP I8 7.1.1 - TPL Compliance Check List
Monltor = 7.1.2 - T¥M Compliance Check List
=3 7.1.2 - DLL Compliance Check List
EI 3% | F. 1.4 - PHY Compliance Check: List
= B3 7.1.4.1 - Symbol Encading (04.02.01")
EE' 49% | F.1.4.2 - Framing and Application of 5ymbols to Lanes (04,02 .02™)
w=-03 7.1.4.2.1 - General (04.02.02,007)
E‘ E5% | ¥.1.4.2.2 - Framing and Application of 3ymbols to Lanes Eules (04,020,
mlﬁ 7.1.4.2 - Data scrarmbling (04,02 . 02")
. . EE' 43% | 7.1.4.4 - Link Initialization and Training (04 02 04™)
Metric-based Slg n-off =3 7.1.4.4.1 - Training Sequence Ordered-sets (04.02 04.01%)
Il—j EEE 7.1.4.4.1.1 - PHY.0Z2.06#01 - 04.02.04.01#01
Verification Plan ITj 7.1.4.4.1.2 - PHY.02. 06#02 - 04.02.04. 01#02
=1 3 714412 - PHY.0Z.06#032 - 04.02.04. 01#03
=- 2 7.1l.4.4.1.4 - PHY.QZ 06#04 - 04.02.04. 01#044
=- 2 7.1.4.4.1.5 - PHY.02 06#05 - 04.02.04 01#05
=- 3 7.1.4.4.1.6 - PHY.02 0606 - 04.02.04. 01#06
EIE' 714 4 2 - Lane Polarity Inwversion (04 02 04 Q2™
8 7.1.4.4.2 - Fast Training Sequence {0<4.02.04. 03"
-3 7.1.4.4.4 - Link Error Recovery04. 02 04, 04™)
-3 7.1.4.4.5 - Fundamental Reset {04.02 04 05"
- 7.1.4.4.& - Link Data Rate Megotiation (04,02 .04 085"
1 El 7.1.4.4.7 - Link Width and Lane Sequence Megotiation {0402 04 07™)
E‘ 7.1.4.4.8 - Lane-to-Lane De-shkew (04 02 04 058™)
0 [EEEN 7.1.4.4.9 - Lane vs Link Training (04.02.04.05™) 2
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P& From Specification to Coverage enes

Metrics Through Verification Plan

Specification => Verification Plan => Coverage Metrics

Synchronize spec
changes with
verification plan

Synchronize
verification plan

Functional

&
Design changes with
Specs coverage metrics

Verification
Plan

Coverage
Metrics

Track which verification
plan features have
coverage metrics

implemented
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ey Comprehensive B

" Verification Plan is Key

A Since Verification Plan (vPlan) is used as an
ultimatesign-of f cri1 teri a, VvPl
of paramount importance

V Must fully and comprehensively reflect the target
specification

V Must include clearly defined sign-off metrics

Metric-based
Sign-off plan

KR

PCI Express® I
Base Specification W\ Plan
Revision 3.0
November 10, 2010 l
PCIZ> .
EXPRESS .
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eal__ Specification => Eonees
Verification Plan

E Enterprise Planner
N Edit View Insert Tocls Help

2 o * * > ]
[ tlew vPlan oo Lnad vPlan (*.ep, *epplan)... g5 Save vPlan 5 Undo (™

B

23 Adobe Acrobat Professional - [PCI_Express_2_0.pdf] -
Perspective: ‘PCI Express Verification Plan - (entire plan) j Field profile: E

7‘: Fle Edt View Document Comments Took Advanced Puglns Window Help —

—— = - S - vPlan Editor Plan ‘Imp\emeﬂt Updates | Iventory

3 & = B f' Q 0 Search T Create PDF + =) Comment & Markup ~ 7 Send for Reviiew + (=) Secure « Z Sign - = PR [ me oo
s’\:, ‘]} Select‘ H - [ .jJ E ® M3, ¥! u Help « ress Verification Plan Full path PClExpress @ Base Specification Revision Z.0/Physical Layer ogical Sub- 10b decode niles
= — — 1 Bxpress @ Base Specification Revision 2.0 Plan_ PCIExpress Veriication Plan
Mame 1Bb 10h decode rules

‘ Update planner text _ Mew section g, New coverage | ’9 New checker © ; New testcase @) Existing object G Maffl-1 troduction
1.2 Transaction Layer Specification
mE 1,3 Data Link Laver Specification Description
- 1.4 Physical Layer Specification

34 Objective of the Specification 4 L4.Lintrodhuction Section owner

. |3 1.4.2 Logical Sub- black -
: - Priority
[ Document Crganization 4.2.1.3. _ (3 1421 5ymbol Encoding Farameters Glickhere to ecitparameters

mD tation C f (3 1.4.2.1.1 Serialization Serialization Serialization Serializ Goal
ocUMentation Lonvenions =-[3 1.4.2.1.2 Special Special Special Special Special Special eight
[ Terms and Acronyms : z:‘:g ﬁmejﬁat e;ch,nf,ﬂﬁesejpecia\ At least
[ Reference Documents ] [erade resoluton
Verification scope

21, Introduction A Transmitter is permitted to pick any dispacity whey Manual logical instances
1n an Electrical Idle state. The Transmitter must thes Logical instances

¢ Options~  x | |

B3 2. Transaction Layer Specification —

5 next Electrical Idle state 1s entered. Disabled ]
&3 3. Data Link Layer Specification = Planned ferns 5
B[54, Physical Layer Specification Dt o [

’ 8b/ 80/ 8br 100 100 10k Decode Decode Decode Decode Decode Decode Rules Rules Rules Rules Rules
[ 4.1 Introduction

=542 Logical Sub-block
5138 4.2.1, Symbol Encoding
[54.2.1.1. Seriglization and De-s |/
54212 Special Symbols for,
4213 80/10b Decod
3422 Framing and

Tetfrom spec

Lacation in spec Dty DocumentsiPel_Exp/SpecsPC|_Express 2 0.pdfpage 170
The Symbol tables for the valid 8b/ 10b codes are given in Appengix B. These tables have one column for the positive disparity and one column for the
arity. A Transmitter is permitted 1o pick any dispariy’ Vhen first transmitting diferential data after being in an Electtical dle state. The
tthen follow proper 8bi10b encoding rules Anext Electrical ldle state is entered. The initial disparity for a Receiver that detects
ical ldle is setto the disparity of the first S ed to obtain Symbol lock. Disparity may also be- reinitialized if Symbal lock is lost
ing the transmission of differential infarr 0 an implementation specific number of errors. All following received Symbols afler
is setmustbe in 10 the found in the

corresponding to the current running disparity.
Pti_Exp/Specs/PCI_Express_2_0, p/

Model Tree | Pages | Signatures | Bookmarks

If a received Symbol is found in the column correspy”
the Symbol does not correspond to either column,f

Associate Verification
plan items with the
spec annotations

"l Annotate the spec with

areas to monitor with

coverage, checks and
specific testcases

Capture relevant meta
e /(4 data and location in spec
s 10,3t O to track changes

¢ Attachments

S

= 4259 Disabled
2 [54 2510 Loonback . R . ‘Testtases: 0 total, O planned, 0 mapped
£ - Loopbad 4.2,.2. Framing and Application ¢ \ >
S (2442511 Hot Reset Dbt ]
23 4.2 6. Link Training and Status 5 v There are two classes of framing and application of ECE [0 TE. : = og l()[l-l]_ﬂ 3
< I ? Ordered Sets and the second class consists of TLP a ol — :
a&E 4 4| mofes | p bl | @ O[=)H o
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eef__ PCle 3.0 Example 11
Supported Speed Extension

A PCle 2.x LTSSM transitions / Speed verification plan

Transition

B

Bucket Analysis [D

Options t
States rgger |
o B2l oo 3
transltlon kets Holes Project loclk | CJ 5
Buckets of Iten: vr_pcie_ltssm_transition_cundition.PASSIVE_UP_S'//éT_Itssm.cross__ltssm_transitiDn__spe S u p p O rted I I n k
Buckets Table \ Speed
Grade = [state_name < next_state_name = succeeded_condition < speed & == ns &
POLLING_COMNFIGURATION | CFG_LIMNEWIDTH_STARTRTSZ _LINK_LAMNE_MUM _PAD CEM1_SPEED 1 358 1
QSN POLLING _COMNFICURATION | CFG_LIMNKWIDTH_STARTHTS2 _LIMNK_LANE_MUM _PAD DEMZ _SPEED [s] 1
0N CFC_IDLE RECOVERY_RCWRLOCK BTIMEOUT _IDLE_TO_RLOCK CEM1_SPEED [s] Q 1
CFG_IDLE RECOVERY_RCYWRLOCK BTIMEOUT _IDLE_TO_RLOCK CEMZ _SPEED 4] o] 1
RECOWERY_RCWRLOCK IDIRECTED CEM1_SPEED 1 E 1
RECOWERY_RCWRLOCK IDIRECTED CEMZ _SPEED 4] o] 1
RECOVERY_RCWRLOCK IRX,TS:L,ON,ANY,LANE [LEM1_SPEED 1 14 1
RECOVERY_RCYRLOCK IRX,TSl,ON,ANY,LANE LEMNZ _SPEED ] =] 1
RECOVERY_RCYRLOCK IRX,TSZ,ON,ANY,LANE LEM1_SPEED ] =] 1
RECOVERY_RCYRLOCK IRX,TSZ,ON,ANY,LANE LEMNZ _SPEED o] =} 1
RECOVERY_RCWRLOCK IRJE_ELEC_IDLE_WITHOUT_OS CEM1_SPEED [s] Q 1
RECOVERY_RCYRLOCK R} _ELEC_IDLE_WITHOUT _0S DEMZ _SPEED [s] Q 1
O%lRECOVERY_RCVRLOCK CFG_LINEWIDTH_STARTHTIMEOUT CEM1_SPEED [s] Q 1
O%'RECOVERY_RCVRLOCK CFC_LIMEWIDTH_STARTHTIMECSUT CEMZ _SPEED 4] o] 1
O%IRECOVERY_RCVRLOCK RECOWERY_RCWRCFC TIMEOUT CEM1_SPEED 4] o] 1
O RECOYERY _RCWRLOCK RECOWERY_RCWRCFC TIMEOUT CEMZ _SPEED 4] o] 1
RECOWERY_RCWRELOCK RECOWERY_RCWRCFC lRX_TSl_LINK_LANE_NUM_MATCHB CEM1_SPEED 1 52 1
DN RECOYERY _ROWRELOCHK RECOVERY_RCYRCFG IRX,TSl,LINK,LANE,NUM,MATCHB LEMNZ _SPEED ] =] 1
O%IRECOVERY,RCVRLOCK RECOVERY_RCYRCFG IRX,TSl,LINK,LANE,NUM,MATCHB,WITH,EXTENDED,BIT LEM1_SPEED ] =] 1
O%IRECOVERY,RCVRLOCK RECOVERY_RCYRCFG IRX,TSl,LINK,LANE,NUM,MATCHB,WITH,EXTENDED,BIT LEMNZ _SPEED ] =] 1
O%lRECOVERY_RCVRLOCK RECOVERY_RCWRCFG IR)(_TSZ_LINK_LANE_NUM_MATCHS CEM1_SPEED [s] Q 1 ||
O%lRECOVERY_RCVRLOCK RECOVERY_RCWRCFG IR)(_TSZ_LINK_LANE_NUM_MATCHS DEMZ _SPEED [s] Q 1
O%lRECOVERY_RCVRLOCK RECOVERY_RCWRCFG IRJE_TSZ_LINK_LANE_NUM_MATCHS_WITH_E)ETENDED_BIT CEM1_SPEED [s] Q 1
O%IRECOVERY_RCVRLOCK RECOVERY_RCWRCFG IRJE_TSZ_LINK_LANE_NUM_MATCHS_WITH_E)ETENDED_BIT DEMZ _SPEED [s] Q 1
O%IRECOVERY_RCVRCFG CFG_LINKWIDTH_FFARTIRX_TSl_LINK_LANE_NUM_NOT_MATCHB_WITHOUT_SPEB_CHANGE CEM1_SPEED 4] o] 1
O%IRECOVERY_RCVRCFG CFG_LINKWIDTH_FFARTIRX_TSl_LINK_LANE_NUM_NOT_MATCHB_WITHOUT_SPEB_CHANGE CEMZ _SPEED 4] o] 1
O%IRECOVERY_RCVRCFG CFG_LINKWIDTH_FFARTIRX_TSl_LINK_LANE_NLIM_NOT_MATCHB_CAN_NOT_UPGRADE_SPEED CEM1_SPEED 4] o] 1
O%lRECOVERY,RCVRCFG CFG_LINKWIDTH_STARTHRX _TS1_LINK_LANE_NUM_MNOT _MAT CHES_CAM_MNOT_UPGRADE_SPEED [fSEM2 _SPEED ] =] 1
O%lRECOVERY,SPEED RECOVERY_RCYRLOCK NTIMECUT _FROM _R¥_ELEC_IDLE LEM1_SPEED ] =] 1
O%lRECOVERY,SPEED RECOVERY_RCYRLOCK NTIMECUT _FROM _R¥_ELEC_IDLE LEMNZ _SPEED ] =] 1
O%BECO EEY SPEED REC Oy ERY RO RLOC TNEOLIT LI LIS FROM R ELEC IDLE TR =] ) 1 y
Disk Mode [ Ready
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eef__ PCle 3.0 Example 11

Supported Speed Extension

A Detecting 2.0 -> 3.0 changes

B Adobe Acrobat Professional - [PCI_Express_2_0.pdf]

Eﬁie Edt View Document Comments Took Advarced Pugins Window Hep

2 & A

5 (T select - .@( LGl

‘Updaﬂ! plannertest s e

By @ten-

B _’/‘ \‘l ) Search % Create PDF + “:3 Comment & Markup * ! Sand for Reviw + (=) Secure -

Sign - == Foms -

~ Amolseectmade  Frevau

[ todel Tree i Pages fi Signatures { Bookmarks -

[ Comments 8 Attachments -

<

A B 2 Options~ x

= 4.1 Symbol Encoding
and De-s:
Ba212 Special Symbals for Fi
{24213 8/100 Decods Rules
A 4 22 Framing and Applicafion o
.2.3. Dela Scrambling
24 Link Infializafion and Train
54.25 Link Training and Status §
.26 Link Training and Status S
S84761 Defect
(342811 Deteot Quiet
(5426.1.2 Detect Active
2184262 Poling
{42521 Poling Active
242622 Po ing.Compliance
[24.2.5.23. Poling.Confiqura
1242524 Poling Speed
2024253 Configuration
24,2631, Canfiguration Link
2426311 Downsiream
26312 Upstream Lz
4.28.3.2 Configuration Link
426321 Downstream
26322 Upstream Lz
442633 Configuration Lane
6331 Downstream
26332 Upstream Lz
2842634, Canfiguration Lane
426341 Downstream
26342 Upstream Lz

24211 Seriaization

4

A

284,263 5. Canfiguration Ca

3y

7.8.6.

The Link Capabilities register identifies PCI Express Link specific capabilities. Fignre 7-13 detatls
allocation of register fields in the Link Capabilities register; Table 7-14 provides the respective bit

Link Capabilities Register (Offset 0Ch) A

definitions.
31 mmmnmaw 1514 1211109 43 0 Change in SpeC iS
i d d (N d
] P etected (New spee

I\urrlm svdP Suppony

Link Spq

Link Bandwidih Nurrlca m Maimu

Link Width
Data Link Layer L u’mt
Reporting Capable
Surprise Dawn Eror
Reporting Capable
Clock Power Management
L1 Exit Latency
L0s Exit Latency
ASPM Suppot
OMMSIEC
Figure 7-15: Link Capabilities Register
Table 7-14: Link Capabilities Register
Bit Location | Register Description Attributes

Defned encodngs re)
001 25 s Lnk spead sgporid
00106 50GTisand 25 6TisLnkspeds suppored
Al oer ncodings are esened
—

RO

g

P

I

i

o | bl @

PCI-SIG Developers Conference

Copyright © 2011, PCI-SIG, All Rights Reserved

18



