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Disclaimer

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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¢ Agenda

A PCle® 3.0 verification challenges and concerns
A Intro to Pre-Silicon Verification of PCle Design

A Overview of Verification methodology
approaches

A Verification plan and Sign-off metrics
A PCle 3.0 test case
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= Verification Challenges

A
A

A
A

transition, corner cases etc,...

PCI >

EXPRESS

How to integrate a PCle 3.0 verification model?

How do | know that all related scenarios have
neen tested?

How to verify backward compatibility (1.x/2.x)
How to create test for every state machine

Poling Active

LOs Jdle

PCle 3.0 state machine

Growing Spec Complexity

(as indicated by page count)
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PCle Protocols Usage

Which PCle protocols will you need to verify?

PCIl Express Genl/2 PCl Express Genl PCIE Express Gend Single-Root 10W Multi-Root 10V

Source: Cadence Survey (1000 participants)
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ee¢__ Pre-Silicon Verification of £2&
Standard Interface - Intro

ASW model, based on the PCle specification

A Designed to run against RTL implementation at cycle
accurate level

Verification/
Design
engineer

PCle
model/VIP
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eeg__Pre-Silicon Verification of g
Standard Interface - Intro

Testbench

Coverage

Monitor

PCIl Express Design

U .
s ' ' (Device Under Test)
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el Integration of PCle =oih 2

Verification Environment

e ———G S
A Integration of PCle design and verification IP
can be challenginge

V Requires detailed knowledge of the spec, the IP and
Verification IP parameters

V Timing
V Optional features
V Limitations
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PCle Integration Automation

Aln order to shorten the integration time and avoid protocol
knowledge barrier, a PCle oriented integration tool is
essential T E.qQ.:

Features ¥| @ Select Modeled Protocol Layer T F;L[f:’"““ CERLITES ([D (RS O (T
i > w Ag d Error Reporti ability Structu
El = Select Model Mode ® Model TLP level transaction :| vanced Error Reporting Capability Structure
. Uncorrectable Error Mask Register
: @ Model LLP level transaction
@ Device Mode 3] Uncorrectable Error Severity Register
Monitor Mode , W Model PLP level transaction / ] Carrectable Error Mask Register
/ »| = capability and Control Register
¥| m Select Device Type Ll
Root Complex > él Virtual Channel Capability Structure
5 Specify Port VC Capability Register 1
¥ w Select Model Interface 10 Switch
0 Extended VC Count (0 - 7)
A >| Bridge .
@ Seral Bit 0 Low Priority Extended ¥C Count
PCl Express - PCIfP
Parallel 10b Symhbol )
PCIfPCIX - PCI ExpfessBridge > | Select VC Arhitration methads in Capability
Pipe . Register 2
CardBus Bridge
Round Rohin
Packet i i
¢ [=] = Endpaint Device Weighted Round Robin (WRR) - 32 phases
M PCl Expre: Weighted Round Robin (WRR) - 64 phases
Legacy / Weighted Round Robin (WRR) - 128 phases

Initial VC Arbitration Method (0, 32, 64, 128) in VC

/ / IZ W Protoc eters g Control Register
> ysical Layer 0 Initial VC Arbitration Table

b Minimum count of TS1 ondered-sets to transmit Pl W VC Resource 0
during Polling.Active N

Acovers all protocol features, configurations | & Mk countor TS1 ardaron-sets 10 ransmit o e nese

during Polling. Configuration VC Resource 2

AWondédt allow incorrect | co mppatsg-ns!

VC Resource 3

-
-
M VC Resource 4
-
-

# of FTS's required by receiver to get reliable bit
P r— and symbol lock Ld| VC Resource 5
W Support lane reversal Ll VC Resource 6
Foatures
B Select Medel Mode Transent s sara | 12 Swap hits on TX port (TX[0]::TX[n-1]) to emulate L]l VC Resource 7
M Sulact Moo Protoced Layor P - lane reversal ) ) -
~ - 1] Device Serial Humber Capability Structure
P m Select Medol Wtarface Receive Co| 0 Flip TX/TX_ for specified bits to emulate lane
P Setect Dovice Typs o= Co [ inversion = Power Budgeting Capability Structure
<] B A T RX Lane status (1-enabled/detected »
¥i i speciy puts 0-disabled/non-detected) = - -
B W Specily Confguration Type 7 e (BT e skew on TX outputs ¥| W Specify Configuration Type
M P01 2.3 Conmpatibie Configuration Spoca
B Power Managesment Capstisty m PC1 2.3 Spacs M i Select Electrical TdIS EFraeiz WD
v
v
¥

e e w28 Using Positive Disp: for added SKP symbol in a =L Generate Type 0
| s Capbies 1 PEL 243 e SKIP orderad set while in Loopback State

PCI Expross Copaiities n RERE or Extundint Generate Type 1
Seees

T > i
M B Frotacet Purmnatars =i o Data Link Layer 0 Total Humber of RCRE’s in this Root Complex
— A036 Retry Buffer size (bytes)
] This BUS Number
| _j Transaction Layer
’ 0 This Port Number for PCI Express Link
40360 Transmit. Queue Payload Size (~-4096 bytes)
3z Transmit Queue Size (>=1)
T Gverview ) runcuomsany [ Toning ] Sowes ]
3z Completion Queue Size (>=16)
= System Level Support. W This is an upstream port
1Ds of Vendors
o This Configuration Space ID
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=__Traditional Verification Rek2
Approach

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

A Advantages
V Great control for targeting specific design features

A Disadvantages

V Writing and debugging of hundreds or even
thousands of tests

V Finds only bugs you were looking for
V Maintenance nightmare
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poy_ Advanced Verification

Approach

easure < TS
and analyze
Failure and ‘eun, H
. " Execute
metric

analysis

Metric-based
Sign-off plan

Verification

IP

‘
.
.
-

L]
L
L]
L/
0

Optimized Resource Utilization
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Coverage
Checks
Test cases
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¢ PCle Spec => vPlan I\/Iapplng

PCI ¢

Verification Plan Tree (Defau!

-
File Edit View Analysis Refinement Options

|§ Bookmarks
S & @0 ® o

Iu "b' Read Reload New Edit | Perspective | Runs Info Views |

=1 [£] iPCI Express Base Specification, Revision 3.0 = = [ [
|H Revision History Rank Correlate | Source vPlan File

| o
= =2

Report ‘ Metrics Analysis

0

|[| Contents o : vPlan: flan/dscratch/nedenf1110/vplanfgen3 10__latest.vplan
g;;;g vPlan (wen) Goaérit:jl:nve Refinement Mode: local

E Objective of the Specification Perspective: [automatic top]

& Document Organization D info DiEDiay REIcvantMetics lil:_
— - - =
m Documentation Conventions G S 2.2 - automatic_top
= [ 2.2.1 - PCI Express Base Specification Revision 3.0
|H Terms and Acronyms
D Reference Documents
= 1. Introduction
Bl m 2. Transaction Layer Specification
oo 2.1.1.1.1.2 -4.2.2.2. Ordered Set Blocks .
5%l 2.2.1.1.1.1.3 - 4.2.2.3. Data Blocks EaCh Spec section
m 2.2.1.1.1.1.4 - 4.2.2.4. Scramhbling .
1?8% [[(NFJAT] The LFSR uses the following polynomial (NA) ISm ap ped to th e
= D 4.2. LUQ'Cal Sub-block == [EEIEA The two bits of the sync header are not scrambled rel evant
#% 4.2.1. Encoding for 2.5 GT/s and 5.0 == I Al 16 Symbols of EIEOS bypass scrambled
GT/s Data Rates == EIIE TS1 and TS2 OS Scrambling rules verification p lan
= m 4.2.2. Encoding for 8.0 GT/s and = [EEE3 Al 16 Symbols of FTS bypass scrambling )
Taher Dats Rates == [EEEA Al 16 Symbols of SDS bypass scrambling SeCtlon
) = K3 Al 1s S\/mbuls of an EIOS bypass scrambling
(5 4.2.2.1. Lane Level Encoding = : J
rambling
El El 4.2.2.2. Ordered Set Blocks 2% [[(NJA] Transmitters advance their LFSR (NA)
[E] 4.2.2.2.1. Block Alignment 24 [WA] Receivers evaluate Symbol O of OS blocks ... (NA)
B [El e = [EEEA Al 16 Symbols of a Data Block
I 178 For Symbols that need to scrambled the LSB is first (NA)
|[| 4.2.2.3.1, Framing Tokens 128 The seed value of the LFSR is lane specific (NA)
m 4.2.2.3.2. Transmitter Framing 128 The seed value of the LFSR does not change while LinkUp=1b (NA)
Requirements == A scrambling cannot be disabled in Configuration. Copmlete in 128b/130b
[E] 4.2.2.3.3. Receiver Framing - IS ALoopback Slave must | =
Requirements =] ) i
Find: li @ Prev & Next| |Match case
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ecty  \/erification Testbench

ISIG

with PCle vPlan

Test

Suite _|

-
—

-
—p

VIP
BFM

Reusable constrained-

PCI >
EXPRESS

DUT

random tests

o

Metric-based Sign-off

Verification Plan

VIP Monitor

PCI-SIG Developers Conference

Native Coverage
e/SV -~

Monitors bus activity,
DUT behavior, and
collects coverage
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e IEo e
Fead Reload
[ )
Z wvPlan ==

Refinamsant

Fila Edit Wiew

£ @ == HH P

Export | Info Yiews Runs Report

Analysis

= =

Pears pactive

Goal Relative
Grace

=0 [E2=] 4 Endpoint, AER = Off, vC 1-7 =
=3 4.1 PCIE_instance

31 | 4.1.1 TPL Cormpliance Cher

=-Ca 4.1.2 TN Compliance Che

%4.1.2.1 Transaction Las.

|
-3 4.1.2.2 Handling of Rec
- 24.1.2.% Transaction Orc
-3 4.1.2.4 Wirtual Channel
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"= Eull Verification Elow

vPlan, Coverage L
and TestSuite

TestSuite

Physical
Layer
Tests

Configuration
Tests
p—

are filtered
per user parameters

Transaction Pipe Link Layer
Tests Tests Tests

\

Native Coverage,

2\

testbench
configured
per user
input,
ready

to test
DUT

— =~ 3 0 (O

«Q

DOT

User

feeds
Configuration through PCle oriented GUI

DUT
specific

info is
created
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