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Why PCI Express?

- Mountains of data = demand for greater bandwidth - key
market drivers include 3D games, image processing, HDTV
encoding.

- Parallel speed limit - Physical limitations of parallel bus
technology

* Fragmentation increases cost — New standard needed to
achieve economies of scale for diverging requirements for
different application/market segments (AGP, PCI, PCI-X,
HubLink etc)
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New Measurement Requirements

I__IU___’ Protocol Analysis

PCI Express - *Find protocol failures
=il +Validate traffic flow

” | Message error identification

i *Packet error identification
PCI Express

PCI Express
PCI Express PCI Express

““““
||||||

PCI Express

*Measure performance
SATA L
LPC (Utilization, Throughput,
USB2

Overhead, etc.)

— — PCI-Express . .
=== PCl-X === PCI-X Protocol Exercising
= = PCI-Express *Protocol Variation Testing
*Multi-Port Switch Testing
Compliance Testing Physical Layer Tests *Load simulation
*Pass/Fail information *TDR measurements *End-to-end path testing
«Pushbutton Tests *Physical layer protocol test *Throughput validation
BERT *Error response testing
*Eye Diagram
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Agilent Test Tools for PCI Express

Agilent’s integrated platform for PCI Express test series
supports the move to serial system |/0 for the computer
Industry and protects customer investment.

Protocol Analyzer Protocol Exerciser Protocol Test Card

Config/0S
Software/
Transaction/

Protocol
Joint Intel/Agilent Goal: to Layers
f:l'-‘ be the compliance test tool

for every PCI E Engineer

e "N Transaction/
e - Logic Analyzer Data link/
T Physical
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Bring Up & Debug Tasks / Needs

* Ensure basic
functionality and
stability of the new
design as quickly as
possible

« Get fast insight to
potential problems!

* Make debugging
predictable and
repeatable!
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* Protocol Analyzer

Dynamic Trigger Conditions
for simplified triggering on
sophisticated transactions

GUI with trigger, search and
filter capabilities to

intuitively interpret PCI Express
traffic

Root cause and performance
analysis
* Protocol Exerciser

as stimulus to complement
Protocol Analyzer

ng Up & Debug Test Solution
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Protocol Analyzer - Graphical User Interface

| [ [ —
™ serial Protocol Analyzer color coded transaction oy ] 4
ST File Hardware Display Help types allow easy tabular view with
= = recognition of various configurable columns
_col_la!pse » E’l El !JL‘EPE' I 13‘ type } z
;:g::’:tj:?(l) Dir. [Timestamp [Type / / IRequester ID  [Tag |Length [pZaéss |
get more =

details

packets with errors are
highlighted with special
N4 -

= |01:23.456
Reserved [|Frmt
A0 header, no data

Resered [[TLF Digest
Absent

TLF plisoned
false

Feserved |[|Traffic Class

Mermory VWrite Requr, o Gion Lay;;: 3 170
B[= [01.23.456 [0 Write Request |Toomuchdata  FE NG [15935102 |
Reserved |[Fmt Ty IT:E;i:d valus Reserved |[Traffic Class |[Resered |[TLP Digest |[TLP poisone
0 3O header, with data | |[/0 e ru::l_,|un::\ 0 0 0 Absent false —

context
sensitive

dl

field Tooltips for each Tield
decoding Memory Read; Adr=043000; Len=0=100; Status=0F 00 _|ps or eac '_e
Memory Flead; Adr=0x103040; Len=0x1000; Status=FAIL _ provide more detailed
10 Fead; Buz=7, Device=3, Function= info as needed

provides alternate
view of traffic (e.g.
textual, statistical,
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Validation Requirements

* Robustness of the new
design

Test all transients of the
link statemachine

Test protocol and data
integrity under maximum
bandwidth conditions

Test all data paths
concurrently

Expose the new design
to as many as possible
protocol variations

Make sure, errors are
handled correctly




One setup - three use cases

(all software controlled - no change of physical setup)

[/0 module .
Add-in card
under test

Mress slot |]
v 4

PCI Express slot ’
PCI Express platform

70 module Protocol Analyzer

*I | PCI Express slot l

170 module

Al

—

PCI Express slot ’
PCI Express platform

Exerciser for platform

&J

Add-in card
under test

- A
| PCI Express slot |j

PCI Express slot ’
PCI Express platform

Exerciser for add-in card
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Protocol Exerciser Features

« Supports x1, x2, x4, x8 link widths at full bandwidth

- Exerciser can act as an end-node (for platform testing) or act as a root-
complex (for add-in card testing). Exerciser can also emulate the config
space of a switch.

* Physical connection using x8, x4 or x1 probe board

- Add-in cards up to 16x can be plugged into the probe board (link width
limited to 8x)

» EXxerciser can interactively generate and respond to arbitrary
transactions

- Payload can be algorithmic or memory-based (memory size 2M)

» Various error insertion capabilities on physical, data link and
transaction layers

*  Programmable through external interface (100 BaseT LAN) or in-
system (config space accesses on PCI-Express link under test)

« C++, TCL and COM programming interfaces

Agilent Technologies



Ag_enda

* Introduction
» Turn on a new PCI| Express Device

 Validation of PCI| Express Devices and
Systems

->Checking for PCIl Express Compliance
* Demo

Agilent Technologies



Compliance Test Needs

« Pass the plugfest tests

« Check if the BIOS is
capable to configure
any type of add-in card

* Check for correct
implementation of the
config space

* Does the data link layer
correctly transfer the
data over the link

» Error checking, etc ...




Compliance Test Solution

* PCIExpress add-in card (normal - A gilent E2969A Protocol Test Card

PCI Express form factor) for x1

»  Supports add-in cards with up to
x16 Lane Width

* Agilent/Intel collaboration
(http://www.aqilent.com/about/newsr
oom/presrel/2003/10apr2003a.html)

«  Automated pre-canned compliance
tests for the Transaction Layer and
the Data Link Layer

*  Known endpoint, switch and
topology simulation mode

« Tests power management and
configuration space

* Field upgradeable FPGA-based
card

«  Connection to protocol analyzer

«  Card controlled via PCI Express or
via an external host over USB 2.0

et utes [oesst e |
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Demo

» Using the Exerciser, perform a memory

read request with the parameters:

Address: 0x00000001:0000ead0
Length: 0x10 Dwords

TC: Ox1

LASTDWBE: 0xC

» Analyze the traffic with the protocol
analyzer

Agilent Technologies



Exerciser Programming Example

void main{void)

{

pExerciser = ZetupExerciserConnection{kportHandle}) ;
S8 Uge the FendlImmedidte capability to transmit @ memory read reguest

A Bet some 51 (send immedidte) Packet properties
pExerciser-=3ilefaunltiec{portHandle) ;

pPExerciser->5iReqgiet{portHandle, PCIE FET FMNT, 1}):
pPExerciser->S3iReqliet{portHandle, PCIE PET TYPE, O):
pPExerciser->S3iReqgiet{portHandle, PCIE PET LEN, Ox10});
pExerciser-=3iReqiet{portHandle, PCIE FET TC, Ox1});
pExerciser->S3iRegiet{portHandle, PCIE PET LASTDWEE, Oxc);
pExerciser->SiRegiet{portHandle, PCIE PET MEM&4 ADDRELO, Oxesdd);
pExerciser-»>SiReqgiet{portHandle, PCIE PET MEM&4 ADDEHI, Ox1}):

S4 BEend the TLED
pExerciser->3idend{portHandle) ;
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liiw the Data

Egﬁerial Protocol Analyzer M= B3
File Capture Display ‘wWindow Help
y || H|Ne]ala]«]» Layer [ 2
IDir. |Packet Nr [Timestamp |[Type [CRC |
E|| = |2|:| ||:I:|:||:|:31.f13.7r Updat ||:I}{AD | ﬂ
Type “Airtual Channel [|HdrFC ||DataFC ||CRC
UpdateFC-Cpl | |0 (x06 Ox0018 | |xAD34
= |21 |EI:EIEI:32.EE.7r | |

Frmt Tvpe
40 header, no data | [Memory Bead Beguest
Last DWWV BE [|First DWW BE

Traffic Class |[TLP Digest |[TLP poisoned |[&ttr||Length ||Requester D H Tag
001k Ahsent talze 00k | |0x0004 0x15

statuzB arl

1100k 1111k
E-
=l = = [0:00:33.473 | |
Fmt Type Traffic Class [[TLP Digest |[TLF poisoned ||Attr|[Length |[Requester ID & (Tag
404y header, na data | |Memary Read Reguest|[001k Absent false 00k | [Dx000A4, Ox15
Last OWY BE | [First DWY BE | |Address
1100k 1111k 0x0000000710000EADD
B = |24 [0:00:36.532  [Updat [0xAD |
Type Yirtual Channel |[HdrFC [|DatafFC | [CRC
UpdateFC-F (|0 0x03  ||0x0008 ||0xAD34
Bl = |25 [0:00:358.217  [Updat [0xAD |
Bl = [ [0:00:38.235 |Updat [DxAD | r
R R e e i e e T B e | -
[
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A

Agilent Technologies



Vlew the Data

ﬂgEuerial Protocol Analyzer [_ O]

File Capture Display Window Help

» |@|E|!|@.|@.|Q|*|.’| La_l,lerl 33:
i Packet Nr i

0:00:32 B8Y: MemRead, Length: 320, Reguester ID: 81731, Addrezs: 000000001 0000 LD
0:00:33.473 MemRead, Length: 320, Regquester ID; 61731, Address: Ox000000010000EADO, Length: 320, Requester ID; 61731

S K

statuzB arl
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Summary

Debug/Bring up
Easier and quicker

« Patented “Dynamic Trigger
Conditions” for simplified triggering
on sophisticated transactions

* First PCI Express x8 Protocol
Analyzer and Exerciser combination
for optimized design bring up and
debug

Target customers:

Software developers and hardware
designers who bring up and debug
PCI Express designs in the entire
computer industry such as drivers,
BIOS, add in cards, motherboards,
chips and systems.

Validation Compliance test
Increasing test coverage in less test  Cost effective push button solution for
time compliance testing

* Full speed PCI Express x8 and x4
server and chipset validation
solution

* First Protocol Exerciser for PCI

Express x8 on market by shipping in
August 2003

* First PCI Express compliance test
solution with link into debug
environment

* Complements Intel's PDK for
optimal compliance testing

Target customers:

Engineers and lab managers in R&D,
validation and QA labs validating PCI
Express chipsets, boards, systems
and platforms in the entire computer
industry.

Target customers:

Software developers and hardware
designers who need to prove PCl
Express compliance of their PCI
Express designs.
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Example Configuration

E2960A-B08: Bring-Up & Debug solution for PCI Express 8x

Included:

Two 8x2.5G Serial
1/0 Module

Select Chassis

4 slot chassis

+

x8 Probe board +
2ea or

+
~ 2 slot
ESP chassis

Exerciser

— E2960A-FR2
ASP

Analyzer
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