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About this Guide

This Guide provides you with the information you need to get started
working with the Agilent test solution for PCI Express. It contains the
following chapters:

* “System Overview” on page 7
Briefly explains the main concepts behind the Agilent test solution
for PCI Express.

e “Running Your First Tests” on page 17
Provides some examples for using the Agilent test solution for PCI
Express.

* “Exerciser Architecture Overview” on page 61
Explains how the Exerciser is structured and gives an overview as
to how it works as a requester and completer.

* “How to Program the Exerciser and Analyzer” on page 69
Explains how the Agilent test solution for PCI Express can be used

programmatically.

The instructions in this Guide assume a correctly running system
(controller PC up and running, software correctly installed on the
clients). See the Getting Started and Installation Guide for details.

Literature  General and detailed information on PCI Express can be obtained
from Intel (http://www.intel.com/technology) and the PCI-SIG web site
(http.//www.pcisig.com).

Features and technical data of the Agilent PCI Express hardware and
software are published in the data sheet “Agilent Technologies E2960
Series Exerciser and Protocol Analyzer for PCI Express”, publication
number 5988-8679EN.

Updated product information  For updated product information, please visit also
hitp://www.agilent.com/find/E2960_series.
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System Overview

PCI Express is designed to replace the PCI bus as the main I/0
expansion bus in a wide range of systems. The multi-drop parallel bus
approach of PCI is being replaced with a high-speed serial I/O bus that
uses point-to-point signaling and a packetized protocol. The PCI
Express architecture is scalable and extensible, and includes a rich set
of features.

With the E2960 series, Agilent Technologies provides a family of
Protocol Analyzers and Exercisers for PCI Express designed to
support the increased need for analysis and validation of PCI Express
chipsets and systems.

The Agilent test solution for PCI Express is a combined
software/hardware solution.

The following sections provide you with an overview of the Agilent
solution, its software components, and how they work together:

* “Intended Use” on page 8
o “Software Components” on page 12

e “Session Concept” on page 14
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System Overview

Intended Use

Intended Use

Background Today’s key trends in the electronics industry aim for smaller and

smaller chip geometries and CMOS technology being able to run at
higher and higher frequencies. The pin count needed for parallel
busses prevents the industry to take full advantage of these technology
developments (pad versus gate limitations). Moving from parallel to
serial busses will help the industry to focus on further integration in
functionality and resulting cost reductions.

CPU CPU
PCI Express
GbE
Chipset — Memory
PCI Ex
Graphics press
PCI Express
PCI Express ] SATA
Switch Bridge 10 p—— | PC
j—— USB
PCI Express PCI Express
| I
PCI
. . . Express PCI
Bridge Bridge Bridge
—1
PCI
PCI-X PCI-X Express
C—1

Figure 1  Typical PCI Express Server Architecture
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Intended Use System Overview

PCI Express, a protocol introduced to the public in 2002, will change
the way computer systems will be built in the near future. PCI Express
operates at 2.5 GBit/s and uses two low voltage differential signals
(LVDS) lines for transmitting and receiving data. Such a four-wire
connection, called a PCI Express link x1 (pronounced: by one), is the
foundation of PCI Express. Several of these links can be combined to
provide higher bandwidth. The specification calls out for PCI Express
x1, x2, x4, x8, x16 and x32. A by eight PCI Express link (x8) features a
bandwidth of 40 Gbit/s.

The previous figure illustrates a two-way server architecture based on
PCI Express. All key elements of the server (Chipset, Ethernet,
Graphics core) are connected via PCI Express. Different link widths
(x1, x4, x8, x16) are used to accompany the necessary bandwidth
needs. Traditional 10 standards like PCI or PCI-X are connected with
bridges to PCI Express. Switches will be used to route PCI Express
traffic in such an architecture.

Test requirements  The move from parallel busses to serial busses will result in different
analysis and validation needs:

* Higher frequencies require enhanced test considerations on the
physical layer.

* Point-to-point connections require enhanced probing solutions as
well as different analyzer and stimulus (exerciser) tools.

* Complexer system components require different test methodology

with increased focus on protocol testing.

The Agilent solution  With the E2960 series, Agilent Technologies provides a family of
Protocol Analyzers and Exercisers for PCI Express designed to
support this increased need for analysis and validation.

The E2960 series provides two types of testers:
* Protocol Exerciser for PCI Express (x1 to x8)
* Protocol Analyzer for PCI Express (x1 to x8)

Both tools are based on the same Serial I/O Module and probes,
combined with unique software packages.
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System Overview

10

Validating PCI Express systems

Figure 2

Bringing up and debugging PCI
Express devices

Figure 3

Intended Use

The Protocol Exerciser for PCI Express

The Protocol Exerciser for PCI Express is able to generate and respond
to all types of PCI Express transactions. In addition, it allows you to
create various PCI Express protocol variations and violations.

Another key feature is the ability to insert errors and test the behavior
of designs in response to these errors. Errors can be generated and
inserted on the physical, data link, and transaction layers.

The Protocol Exerciser for PCI Express is controlled by a graphical
user interface, a C/C++ program or a Tcl script.

With these features and more, the Protocol Exerciser for PCI Express

is perfectly suited for:

You can use the Protocol Exerciser to validate a PCI Express system
(Upstream testing).

System Under Test

Protocol Exerciser Setup for Testing a System (To Upstream)

You can use the Protocol Exerciser to bring up and debug a device
(Downstream testing).

Device Under Test

Protocol Exerciser Setup for Testing a Device (To Downstream)

The Protocol Exerciser functionality includes testing the physical and
data link layer capabilities of a PCI Express device as well as
simulating such devices on the transaction layer.

The Protocol Exerciser for PCI Express is also well suited for
validating the inter-operability and stability of chipsets and systems.
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Intended Use

Listening to a system and add-in card

Figure 4

Listening to two chips on a
motherboard

Figure 5

System Overview

The Protocol Analyzer for PCI Express

The Protocol Analyzer for PCI Express is used for capturing and
analyzing the traffic between two PCI Express endpoints:

You can insert the Protocol Analyzer between a device and a system to
capture the traffic.

Device Under Test

Protocol Analyzer Setup for Testing Communication to an Add-In Card

You can connect the Protocol Analyzer to a midbus footprint on the
motherboard to listen to the traffic between two chips. See the data
sheet for the E2941A Midbus Probe for details.

Sy stem

CPU

Protocol Analyzer Setup for Testing Communication between two Chips

The Protocol Analyzer captures traffic simultaneously from both
directions, including training sequences, packets on the data link layer
(DLLPs), and packets on the transaction layer (TLPs). It has 1 GB of
trace memory.

The Protocol Analyzer for PCI Express includes a sophisticated trigger
sequencer. Its graphical user interface allows you to filter the captured
data and to view and investigate the packets in a variety of formats. It
can also be controlled by a C/C++ program or a Tcl script.

With these features, the Protocol Analyzer for PCI Express is perfectly
suited for testing and troubleshooting PCI Express links.
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System Overview
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Software Components

Software Components

The Agilent test solution for PCI Express contains several advanced
software components that work together:
* Firmware

Runs on the Serial I/O module

Responsible for carrying out the actual tests

Controlled by the control software running on the controller PC

* Control software
Runs on the controller PC

Responsible for setting up and maintaining communication with the
I/0 module, loading tests to the I/O module

Controlled by the user software

e User software
Runs on the client (local PC)
Responsible for setting up tests
Controlled by the user or programmer

The user software can be either the Agilent Protocol Exerciser and
Protocol Analyzer software, or a tcl script or DCOM-based test
program.
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Software Components System Overview

The following figure illustrates the relationships between these
software components:

Clients with User Software Controller PC with Control Software Serial I/ O Module and Probe

Board with Firmware
Exerciser / Analyzer SW

|
Private LAN

tcl Scripts

DCOM-based Programs

Figure 6 PCl Express Software Components

NOTE Note that the user software can also run on the controller PC. In this

case, the controller PC can be seen as its own client.
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System Overview
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Session Concept

Session Concept

The communication between the controller PC and the Serial I/O
Modules is based on the concepts of sessions. A session is a
representation of the instrument components involved in a test:

* The control software running on the controller PC
* The Serial I/O Module and the probe involved in the test

The following figure indicates the components involved in a session. It
also indicates how more than one client can log onto one session.

i

------ Session A
— e Session B

Figure 7 Session components

To use a session, it is necessary to:

e Start and configure the session

This establishes communication between the client and the control
PC and loads the necessary firmware onto the desired Serial I/0O
Module, which then assumes the personality required for the
session (for example, Exerciser in upstream mode).

¢ End the session

In the Exerciser and Analyzer software, when you quit using a
session and you are the last one using the session, you are prompted
as to whether the session should be ended. Ending a session clears
the Serial I/O Module, allowing it to be used for a new session.

Agilent E2960 PCI Express, User’s Guide, November 2004



Session Concept

System Overview

All accesses to the test system must go over the session. The session is
not locked: concurrent access to one session is possible. This is
described under “Using a Session at Several Computers” on page 15.

Starting and Configuring a Session

When the user software is started, it queries the control software
running on the controller PC for a list of currently running sessions of
the corresponding type (for example, a query by the Protocol Exerciser
software returns a list of Exerciser-based sessions). The user software
can either connect to one of these existing sessions, or request a new
session.

If a new session is requested, the following occurs:

1. The user requests a session of a particular type (Exerciser or
Analyzer).

2. The user adds a Serial I/O Module and its port (to the probe) to the
session.

3. The Serial I/O Module downloads the necessary FPGAs and
embedded software from the control PC.

4. The embedded software running on the Serial I/O Module
configures the probe as necessary.

See “Opening a New Session” on page 71 to learn how to start and
configure a session in your own program.

Using a Session at Several Computers

If a session is up and running, you can use it from multiple instances
of the user interface (for example, from different clients) or from tcl
scripts or DCOM-based programs simultaneously. This could be
necessary if you, for example, want to set up a test system directly at
the controller PC and then run a series of tests from your PC.

The controller PC does not protect against meaningless or even
conflicting requests. It is therefore recommended that only one user
should “own” a particular session at a time.

To connect to a current session in the user interface, you only need to
note the session number and then select this session when the
software starts.

See “Accessing a Running Session” on page 72 to learn how to
connect to a running session in your own program.
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Running Your First Tests

The following sections guide you step-by-step through your first tests
with Agilent test solution for PCI Express:

e “Testing the Communication to an Add-In Card” on page 18

This test demonstrates how you set up communication between a
probe board to be used as an Exerciser and a PCI Express add-in
card that you would like to test. With the information here, you
should also be able to set up tests between a probe board and a PCI
Express system.

* “Analyzing the Communication to an Add-In Card” on page 30

This test shows you how you capture PCI Express communication
between an add-in card and another probe board as Exerciser by
using a probe board as Analyzer.

* “Validating the System” on page 38
With this test, you see how you can analyze how a PCI Express
system responds to requests with different behaviors and errors.
* “‘Bringing Up and Debugging a PCI Express Add-In Card” on
page 53

With this test, you see how you can verify the correct behavior of an
add-in card during link training when the requester changes link
settings.
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Running Your First Tests

18

System Setup

Client

‘AL ST 5\\1\

Testing the Communication to an Add-In Card

Testing the Communication to an
Add-In Card

For this test, we want to set up a PCI Express link between a probe
board and an add-in card (for example, graphic card) and then test
how the add-in card reacts to an errored packet.

The following system setup is required for this test:

* The add-in card to be tested is plugged into the PCI Express slot at
the top of the probe board.

e The Serial I/O Module to which the probe board is connected is set
up as a Protocol Exerciser.

* An external ATX power supply is connected to the probe board. The
power jumper on the probe board should be set to Ext (instead sys).

The external power supply is required to power the add-in card.
Alternatively, you could plug the probe board into a powered PCI
Express slot and set the jumper to sys.

The system setup is as follows:

Controller PC

Priv ate
LAN

Device Under Test

|

—

Figure 8

Exerciser

ATX Pow er Supply

Protocol Exerciser Setup for Testing a PCI Express Add-In Card
(To Downstream)
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Testing the Communication to an Add-In Card Running Your First Tests

How to Proceed This test is carried out as follows:

1. We establish an Exerciser session at the client. This establishes the
necessary communication and sets up the Serial I/O Module (with
probe) to be used as an Exerciser.

See “Establishing an Exerciser Session” on page 19.

2. We set up and establish a PCI Express link between the Exerciser
and the add-in card.

See “Establishing a PCI Express Link” on page 23.

3. We set up the Exerciser to perform a data read on the add-in card.
This is done by sending a data read request as a single packet to the
add-in card.

See “Sending a Single Data Packet” on page 25.

Once you have carried out the test, see “What Happens at the
Exerciser when sending a Single Packet?” on page 28 to find out what
happens internally in the Exerciser by such tests.

TCL Scripts  The following TCL scripts correspond to the requirements of this
example:
e “Starting an Exerciser Session” on page 77
* “Establishing a Link” on page 79

e “Sending a Single Packet” on page 80

Establishing an Exerciser Session

Before you can run any tests with the Exerciser, you have to establish
a session at the client. A session is responsible for the following:

¢ Communication between the client and controller PC

¢ Configuration of the Serial I/O Module and probe board

Agilent E2960 PCI Express, User’s Guide, November 2004 19



Running Your First Tests Testing the Communication to an Add-In Card

To start an Exerciser session from a client:

1 Start the PCI Express Protocol Exerciser software on your PC.

The software requires the network name or IP address of the
controller PC so that it can communicate with the controller PC.
The Select type of connection dialog box opens, which allows you to
specify that you want to establish a new session and enter the
network name (or IP address) of the controller PC.

ESeIect type of connection 10l =|
— Connection ype

" Connect to xisting session

' Connect to new session

" Dffline mode

— Sesgion setting
Server Ilocalhost Get seszion list |
Session list

Bt | Hep |

Figure 9  Select type of connection Dialog Box

2 Select Connect to new sesston, enter the network name of the
controller PC under Server and then click Start.
The Choose a Sessiontype dialog box opens. This dialog box allows

you to define the session type (upstream or downstream).

.Ehoose a Sessiontype

To Upstream

| Cancel i

Figure 10 Choose a Sessiontype Dialog Box
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Testing the Communication to an Add-In Card Running Your First Tests

3 Because we are testing an add-in card, we need a downstream
session. Click To Downstream.

The new session is started on the controller PC, the client connects
to this session. When the connection has been established, the
Select port to open dialog box opens. This dialog box indicates
which Serial I/O Modules are ready to be used, and which are
already in use. When starting a session, you can only select a
module that is not in use.

-Select port to use i ] 5
Module/Part I State I Type I C
= 101 inus. AGT_MODULE_OMEPORT_PCIEXPRES. N

Vv 1mA AGT_PORT_PCIEXPRESS =8 N
= 102 ready AGT_MODULE_OMEPORT_PCIEXPRES. N
[~ 10241 AGT_PORT_PCIEXPRESS =8 N
=1 103 ready AGT_MODULE_OMEPORT_PCIEXPRES. N
[~ 10341 AGT_PORT_PCIEXPRESS =8 N

| | i

0K | Refreshist |

Figure 11  Select port to open Dialog Box
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Running Your First Tests

Testing the Communication to an Add-In Card

4 Select the Serial I/O Module that is connected to the probe board
and click OK. You can see the module number on the display on the

front of the Serial I/O Module.

The embedded software and FPGA contents are now loaded onto
the Serial I/O Module and the PCI Express Protocol Exerciser
software starts.

Engilent E2960A Protocol Exerciser for PCI Express - Untitled1 (Pork: 101 /1) - |EI|1|
File Edit Wiew  Action Help
DS HEE|% > =
Trrameims |Hardware Status B |
Exercisers JEE—— Skatus | FlowControl |PerF0rmance |
-
Name : Untitled1 Link Skate: Active —
Link idth: %1
Path/Filename :

Untitledl (Port: 101713

Session Type: To Downstream [ online - [Port: 10117 ]

Description : Fleaze enter a description for thiz setup.

Polarity reversal (RX):
Lane: 01 2 234 56 7
State: NI I NINHNN

—Settings

i~ | General

) Global Settings

Send Single Packet
Setup and Send a single Request

Completion
Configure how to act az completor

_ . DataMemory
J Fiead/write internal data memory

“}’ Send Block Transfers . ¥irtual Channel
% Setup Block Transfers to send wer s Setup supported Virtual Channels
Decoder Error Insertion
Decoder the Exercizer should implement Setup Errar Inzertion for Exercizer
=k Config Space Protocol Checker

| Configure Your ConfigSpace Setup Protocol Checker

Untitledl (Port: 101713

Hw & Idle

Hw Bt Idle

Hw C: Idle

Protocal Error occurred
Checker:

Data Generator: Mo Errar
Outstanding 1]

Requests:

Update Outstanding Requests

| |[User level: Expert || Session: online - To Downstream

|| Exercizer. online |

Figure 12  PCIl Express Protocol Exerciser Software

TIP  Enter a description and save the setup by clicking the Save icon. You

can then use this setup for later tests.
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Testing the Communication to an Add-In Card

Running Your First Tests

Establishing a PCI Express Link

After you have established a session, you have to establish a PCI

Express link to the add-in card. Depending on the add-in card, you

may have to configure the link (for example, allowed link width).

To establish a PCI Express link:

1 Select the General icon on the Exerciser.

This opens the General card with the Link Settings tab on top,

allowing you to configure the link. The Hardware Status informs

you about the current link state. We can see here that the link is not

up yet.

General

| Hardware Status

7 x|

Link Settings | Lane Settings |PatternMatcher |Trigger ok |Data Generator |

Supparted Link Widths: Wx1 Wxz Vx4 V8
Megotiated Link Width: o Link

Scrambler: IEnabIed j
Clack source: Iinternal j
DUT Connectivity: IBench j
Session Type: ITo Downstream j

Skak erformance |

Link Skate: Mo Link
Link idth: Mo Link

Polarity reversal (RX):
Lane: 01 2 234 56 7
State: NH N NN NHNN

Hw & Idle

Hw Bt Idle

Hw C: Idle

Protocal Error occurred
Checker:

Data Generator: Mo Errar

Apply

Cancel

| Help I

Figure 13  Link Settings

2 Select the desired Supported Link Widths

Outstanding 1]
Requests:

Update Outstanding Requests

-

This allows you to select which link widths the Exerciser will allow

(x1, x2, x4, x8). The support of x1 is mandatory per PCI Express

specification and is therefore always selected.

The Negotiated Link Widths indicates the link width the two
partners have agreed upon after link up. The Negotiated Link
Widths depend on the capabilities of the Exerciser and add-in card.

Agilent E2960 PCI Express, User’s Guide, November 2004
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Running Your First Tests

24

NOTE

Testing the Communication to an Add-In Card

3 Select Bench for the DUT Connectivity. To Downstream should
already be defined as the Sesston Type.

DUT Connectivity defines how the probe board is connected to the
DUT (Bench or Platform).

If you were testing a system, To Upstream should be selected for the
Session Type.

4 If not already running, power up the add-in card.

5 Initiate link training by clicking Link Up in the Action menu.

The Exerciser now establishes communication with the add-in card.
When the link state changes to Active, the link has been established.

The Exerciser is now ready for testing.
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Testing the Communication to an Add-In Card Running Your First Tests

Sending a Single Data Packet

Once we have established a link between the Exerciser and the add-in
card, we can quickly perform a memory read on the add-in card by
sending a read request as a single packet. The Exerciser software
provides all standard PCI Express requests. The Exerciser software
also allows you to define the request behavior so that specific errors
are added to the packets to be transferred.

To send a single data packet:

1 Click the Send Single Packet icon.

The Send Single Packet card opens with the Single Packet tab on
top. A 32-bit Memory Read request with one corresponding request
behavior is included.

Send Single Packet |Hardware Status 3% |

Skatus | FlowZo... | Perfarm... |

single Packet | Received Completions |

-
kRequest Link State: Active

- ol O
G | i —iirite Data To ... ——| | Lk Width: i

' Single Packet Memory

Polarity reversal (RX):
Lane: 01 2 34 56 °

" Data Memory
State: NN N NN NN

At: Jooooon  Hex

Hi & Idle

- Length: I1 ~ Dec v Hi B Idle

EMD [FD) =nd i[ Hw C: Idle
32-bit Memory Read Request protocol By G

Data Generator: Mo Errar

Corresponding Request Behavior
i I r I E Outstanding 1]

Request Behavior 1 Requests:

| Line Ma | Ermorg | 1 Update Outstanding Reque

0000000 Hex - | |

Fields with "*" can be set by user,

Figure 14  Send Single Packet Card

Note that you can add a request by clicking the Add Request icon.
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2 If the PCI Express add-in card has special requirements (for
example, the memory area available for access), change any of the
request parameters marked with an asterisk (*) as necessary.

In this example, we set the physical address to be read to 0x200000.

single Packet | Received Completions |

1| | 3

Request Behavior //
| Line Mo | Errors i
Address —

|pozooooo

Figure 15 Request Parameter Setting

3 In Request Behawior, define the behavior so that the packet is sent
with an incorrect LCRC by clicking LCRC in Request Behavior and
then setting the LCRC to Incorrect in the field below.

Sending packets with errors allows you to check the packet
verification of the add-in card. A packet with an incorrect LCRC
must cause the add-in card to reply with a NAK. The Exerciser’s
replay algorithm then replays the packet with correct LCRC. This
packet must then be acknowledged with an ACK by the add-in card.

FRequest Behavior

Line Mo Errcrs

LCRC /

/
IIncorrect j Il / Hes I ﬂl

Correct

Enter value - |

Apply Cancel Help |

Figure 16 ~ Single Packet with Incorrect LCRC
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4 Click Send Single Packet in the Action menu to send the packet.

The packet is first sent with the error. When the PCI Express system
or the PCI Express add-in card returns a NAK (negative-
acknowledge), the software sends the packet without the error.

5 Click the Received Completions tab to view the completions.

The Exerciser stores completions to single packets and presents
these in the Received Completions tab. This allows you to see how
the add-in card responded to the read request.

Send Single Packet |Hardware Status

Status | FlowContral | Performance

Single Packet  Received Completions

Link State: Active
Link Wwidth: x&

kRaceivad Completions 1

»

Polarity reversal (RX):
Lane: 01 2 34 56 7
State: NN N NN NN N

Er 7 :
e H A Idle
ble END [FD) HW B Idle
HW C: Idle

Prokocol Error occurred
Checker:

Figure 17  Received Completions

As you can see in this figure, the add-in card sent a completion with
data. You do not see the NAK here, because a NAK is not a completion.
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What Happens at the Exerciser when
sending a Single Packet?

Familiarity with the internal structure of the Exerciser is helpful for
understanding how the Exerciser works when sending a single packet.
The following figure illustrates the Exerciser components involved in

this task.
|
TX I RX
i
SP Mem. i S| Compl. Mem.
Trans. 1 i Compl. 1
Behavior 1 : Compl. 2
Data Compl. n
A
PRM
Trans. 1
Trans.2
Trans. n
1

v .
Transaction Layer Payload / Payload
I I

DLL / Phy. Layer \ Packet / | ; Packet ;

Figure 18 Exerciser as Requester (sending a single packet)

The Exerciser has a memory area for the Send Single Packet function
(the SP Mem. in this figure). When you set up a single packet, the
request, request behavior, and any data are written to this area. When
you then send the single packet, the packet is assembled at the
transaction layer according to the behavior and passed to the data link
layer (DLL).
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For any requests that expect a response (for example, a memory read),
an entry is added in the Pending Request Map (PRM). The PRM keeps
track of which responses are still open, which have been returned, and
to which memory location returned data from responses should be
written.

When a response is returned, the Exerciser looks up the request in the
PRM and writes the transaction to the Send Immediate Completion
Memory (SI Compl. Mem.). In the user software, this is shown in the
Returned Completions window. It additionally writes any returned
data to the memory location defined with the request (which is
typically the Single Packet Memory).

If an error that forces a NAK has to be added to a packet (for example,
wrong LCRC), the packet is sent once incorrectly. When the device or
system under test returns a NAK, the packet is sent correctly.

See “Exerciser as Requester” on page 62 for a detailed description of
how the Exerciser acts as a requester.
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Analyzing the Communication to
an Add-In Card

If you have a second Serial I/O Module with probe board and the PCI
Express Protocol Analyzer software, you can additionally monitor the
packets sent on the link. This allows you to analyze the contents of the
individual packets, for example to see how the DUT responds to
errored packets.

System Setup  The following system setup is required for this test:

* The add-in card to be tested is plugged into the PCI Express slot at
the top of the probe board set up as Analyzer.

¢ The Analyzer probe board is plugged into the PCI Express slot at the
top of the probe board set up as Exerciser.

¢ An external ATX power supply is connected to the probe board. The
power jumper on the probe board should be set to Ext (instead sys).

The external power supply is required to power the add-in card.
Alternatively, you could plug the probe board into a powered PCI
Express slot and set the jumper to sys.

The system setup is as follows:

Client Controller PC

= \
[\ -

Device Under Test

Analyzer

Exerciser

ATX Pow er Supply

Figure 19 Protocol Analyzer Setup for Testing Communication with an Add-In Card
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How To Proceed This test is carried out as follows:

1. We have to establish an Exerciser session (described in
“Establishing an Exerciser Session” on page 19) and an Analyzer
session at the client.

See “Establishing an Analyzer Session” on page 31.

2. We set up a trigger on the Analyzer so that the Analyzer captures
traffic around a specific packet.
See “Setting Up a Trigger” on page 33.

3. Once the trigger has been set up, we can start the Analyzer and
view the captured traffic.

See “Starting the Analyzer” on page 36.
TCL Scripts  The following TCL scripts correspond to the requirements of this
example:
* “Starting an Analyzer Session” on page 82

* “Downloading a Trigger Setup File to the Analyzer” on page 83

Establishing an Analyzer Session

As with the Exerciser, you must first establish a session at the client.
To start an Anaylzer session:

1 Start the PCI Express Protocol Analyzer software on your PC.

The software requires the network name or IP address of the
controller PC so that it can communicate with the controller PC.
The Select type of connection dialog box opens, which allows you to
specify that you want to establish a new session and enter the
network name (or IP address) of the controller PC.

ol

— Connection ype

" Connect to xisting session

' Connect to new session

" Dffline mode
— Sesgion setting
Server Ilocalhost Get seszion list |

Session list

Bt | Hep |

Figure 20  Select type of connection Dialog Box
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2 Select Connect to new sesston, enter the IP address or network
name of the controller PC under Server and then click Start.

The client requests a new connection on the controller PC. When the
connection has been established, the Select port to open dialog box
opens with the module and port numbers of the Serial I/O Modules.
Because we want to start a new session, we have to select one of the
ports that is ready.

il

10341 [ready)

Open port I Fiefresh list |

Swich to Offfnemade |

Figure 21  Select port to open Dialog Box

3 Select the port for the Serial I/O Module to be used as Analyzer and
click Open port. The module numbers are on the display on the
front of the module.

The embedded software and FPGA contents are loaded to the Serial
I/0 Module and the PCI Express Protocol Analyzer software starts.

Engilent E2960A Protocol Analyzer for PCI Express - |EI|1|

File Edit Wiew Capture Help

» «TISHSR(AAP ¢« » BT-% %% |(Quo-

Traffic Owverview oo

Type I Eountl Filter out

| ” ||St0pped ||Dn|ine|A

Figure 22  PCIl Express Protocol Analyzer Software

The session has now been established. You can see this in the status
bar at the bottom of the screen.
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Setting Up a Trigger

At this point, both the Exerciser and Analyzer software should be
running on the client and sessions should be established to both Serial
I/0 Modules involved in the test.

It is now necessary to program the Analyzer so that it triggers (starts
the capture of packets) upon the occurrence of a particular packet. To
keep the test simple, we will set up the Analyzer so that it triggers
upon the occurrence of a transaction layer packet (TLP). This us
allows us to use the Exerciser as it was previously set up.

To set up the Analyzer to trigger upon occurrence of a TLP packet:

1 Click Trigger Setup in the Capture menu.
The Trigger Setup dialog box opens, which is used for setting up

triggers.

2 On the left side in the Trigger Setup dialog box, you can see two
columns with Conditions and Configurations. If these are not
visible, check the corresponding items in the View menu.

The Trigger Setup dialog box should now appear as follows:

ETrigger Setup - | Ellll

File  Edit Yiew Help

=

Conditions 5 Sequence Owverview I
Default Action: | Store Upstream, Store Downstream j Trigger Position: 25 % —— J— 752

D_ PCI Express |
<P TRUE — Start T
@ ExtTriggerIn IF Add e 4
<> ProtocolError [ wNaT ITHUE Add | Delete | Delete |

Delete |
THEM
: | Default Action =] _add | Deie |
[+ DLLP Patterns
{2 Link Patterns GOTO IStart j
D User Patterns
Delete | Edit... | HLEE —

|C0nFigurati0ns Oon x | THEN
[Defautt ction =l pad || Deie | Dskte |

D PCI Express -~
Default.trg
DrynamicTriggerExa
StoreConfigsAcces:
StareDownstreamT
StoreTlpaAckMakon!
StoreTlpAckMakTsh
StorellpstreamTral
TriggerAfteryPacke

1] | »
Qpen | Save As... [~ Show Conditions

Ok Apply | Cloze | Help

GOTO  [Start =

Figure 23  Trigger Setup Conditions
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3 The Trigger Setup dialog box is set up as a series of IF conditions

that cause actions to be performed upon their occurrence.

To cause the Analyer to trigger upon occurrence of any TLP pattern,
in the Conditions box, open the TLP Patterns folder and drag
Any TLP into the condition field in the Start frame.

File  Edit Yiew Help

=

Conditions

Memary Write
<P Memory Wirite 32b
<> Memory Wirite 64b

@ I,I’O Request _I_I

Default Action: | Store Upstream, Store Downstream j

Trigger Position:

Add

[ wNaT IAn_u DirectionJ = IAn}' TLF

THEW

Add | Delete | add Delete |

I Default Action

Delete |
=] _add | Deie |

=

il

StoreConfigsAccessesOr
StoreDownstreamTraffic
StareTlpaAckMakonly trg
StoreTlpaAckMakTsInitFod
StorelpstreamTrafficonl

TriggerAfteryPacketsOfT o
| | >
Open | Save As... |

=] addl | | peetz | Dsiee |

EESE
|C0nFigurati0ns Onx THEM
I Default Action
D PCI Express -~
-
5] Default.trg Loy IStart J
DrynamicTriggerExample.,

ok spely |

Sequence

[~ show

Cloze

Figure 24  Setting the Condition

4 The Default Action defines what to do if the set conditions are not
met. Because we want to see all traffic that occurs, we set the

Default Action to Store Upstream, Store Downstream.

Default Action: IStDre Upstream, Store Downstream j

Trigger Position:

8% —— |— ThE

Figure 25  Setting the Default Action

34
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5 For our test, we want the Analyzer to trigger upon occurrence of a
TLP. We also want the Analyzer to capture the TLP packet that
triggers the capture as well. We must therefore:

— Add a condition to the THEN statement.

— Set the first action to Default Action (to capture the triggering
packet).

— Set the second action to Trigger (to start the capture).

This is shown below:

nTrigger Setup - |EI|1|
File  Edit Yiew Help
] =
|C0nditi0ns Ooqx | Sequence Overview o =
Default Action: | Store Upstream, Store D ownstream j Trigger Position:  25% —— J— 7
-1 TLP Patterns |
- By TLP r— Start ~
2> Memory Read =IF o Add oA
- Memary Read 32b ™ NOT [any Direction > = [4ny TLF Add | Delete Delete
2> Memory Read 64b J I _I Delete | _I
-£2> Memory Wit THEW
42> Memory Write 32b IDefauIt Action j Add | Delete
42> Memory Write 64b
@ 1/ Request - IDefauIt Action Add | te |
4 | i i | » [ efault Action
i N Add ajcondition
Copy Show, .. External Trigger Dut
_I Store Upstream
|C — | Store Downstream
onfigurations o8 x Rezet Counter 1
Increment Counter 1 T add | Delete | %I
5 Reset Counter 2 A
PCI Express -~ =
offeg] Default.trg GOTO Stat J

DrynamicTriggerExample.,
StoreConfigsAccessesOr
StoreDownstreamTraffic
StareTlpaAckMakonly trg 0
StoreTlpaAckMakTsInitFod Set the aCt|0n
StorelpstreamTrafficonl

g TriggerAftersPacketsOfT o

4 I I 3
Qpen | Save fs... | " show Conditions I

Ok Apply | Cloze | Help |

Figure 26  Setting the Actions

NOTE Because we only have one IF condition, upon occurrence of the TLP,
we go to Start (the only condition block).

Agilent E2960 PCI Express, User’s Guide, November 2004 35



Running Your First Tests Analyzing the Communication to an Add-In Card

The Analyzer appears as shown below:

ETrigger Setup - |EI|1|
File  Edit Yiew Help

k=2

|C0nditi0ns Ooqx | Sequence Overview o =

Default Action: | Store Upstream, Store Downstream j Trigger Position: 25 % —— J— 5%

TLP Patterns |

< By TLP r— Start -
<> Memary Read =IF o Add oA
<> Memary Read 325 J ™ NOT any Direction 7| = [4ny TLP Add | Delete | Delete |

<> Memory Read 64b Delete |
<P Memory Write THEW

<P Memory Wirite 32b IDefauIt Action j Add | Delete |

<> Memory Wirite 64b

----- @ 1/ Request - Trigger | Add Delete
R i _’I_I | =] _gd | elete |
T GOTO  |[Start -

cor_| (o]

| Configurations Onx

THEN
[Defautt ction =l pad || Deie | Dskte |

GOTO  [Start =

D PCI Express -~
- [rg] Default.brg
DrynamicTriggerExample.,
StoreConfigsAccessesOr
StoreDownstreamTraffic
StareTlpaAckMakonly trg
StoreTlpaAckMakTsInitFod
StorelpstreamTrafficonl

TriggerAfteryPacketsOfT o
4] | >
Qpen | Save fs... | " show Conditions I

Ok Apply | Cloze | Help |

Figure 27  Analyzer with Setup TLP Trigger

6 Click the Save icon, and give the trigger configuration file an
appropriate name (for example, “test_trigger_on_tlp.trg”).

7 Click OK to apply the trigger and close the Trigger Setup.

Starting the Analyzer

Once the trigger has been set up, we can start the Analyzer. When the
Analyzer detects a TLP packet, it will trigger, allowing us to view any
traffic that is captured.

To start the Analyzer:

1 In the Protocol Analyzer software, click Start in the Capture menu.
The Protocol Analyzer now tracks the packets sent through the bus.

2 Inthe Protocol Exerciser user interface, send a single data packet as
described in “Sending a Single Data Packet” on page 25.

If any TLPs are sent, the Protocol Analyzer will trigger and fill the
memory with traffic 25% before the trigger and 75% after the trigger.
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You can now view the captured traffic in the Protocol Analyzer and
verify if the behavior of the PCI Express system or add-in card in
response to an incorrect LCRC is correct.

nngilent E2960A Protocol Analyzer for PCI Express
File Edit Wiew Capture Help

Memory Read with Incorrect
> l“T|DE§@.|M<> ¢ » R~ vyxmmo/.

LCRC

-/ Add-In card responds with a NAK

XTI ——— Exerciser send the packet with
correct LCRC

4 2608 856 472 ] 10 e
e e e e ey
+ 3976 6ag ] 26

Add-In card responds with an
Ack

Sending a single packet is
completed

Figure 28  PCl Express Protocol Analyzer with Captured Traffic

In this case, the add-in card responds correctly to the error.
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Validating the System

Validating the System

Validating and optimizing your system means exhaustive stress tests,
under maximum load, inserted errors and a range of different
conditions.

The Protocol Exerciser gives you full and fast control over your test,
from simple sequences to worst-case patterns, and, combined with the
Protocol Analyzer, deeper investigation and increased test coverage.

In this task, we will write data to the Exerciser’s data memory, write
this data to the PCI Express system’s memory, and then read the data
from the system memory and compare it with the data that was sent.
Comparing the outgoing and incoming data allows you to verify the
correct data transfer.

We will also use this task to check if the PCI Express system’s
DLL/Phy layer functions correctly by adding header errors to the
transferred packets.

We will also set up the Protocol Analyzer to capture the traffic

generated between the Protocol Exerciser and the system.

The following system setup is applied for basic platform testing;
especially for platforms that are not stable enough to support software
running on them.

The following system setup is required for this test:

* The Protocol Analyzer probe board is plugged into the PCI Express
system.

* The Protocol Exerciser probe board is plugged into the PCI Express
slot at the top of the probe board set up as Analyzer.
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The system setup is as follows:

Client

Controller PC

Corporate /ju

LAN =

Private
LAN

Exerciser

Analyzer

System Under Test

Figure 29  Protocol Exerciser and Analyzer Setup for Testing a System

How To Proceed This test is carried out as follows:

1.

We have to establish an Exerciser session (described in
“Establishing an Exerciser Session” on page 19) and an Analyzer
session at the client.

See “Establishing an Analyzer Session” on page 31.

. We set up and establish a PCI Express link between the Exerciser

and the add-in card.

See “Establishing a PCI Express Link” on page 23.

. We set up a trigger on the Analyzer so that the Analyzer captures

traffic around a memory read request.

See “Setting Up the Trigger for the System Validation Test” on
page 40.

We write data to the Exerciser’s data memory for a data compare.

See “Writing Data to the Protocol Exerciser’s Data Memory” on
page 43.

. We set up a block transfer that contains a memory write and a

memory read request with different behaviors and an included
error.

See “Setting Up and Running Block Transfers” on page 44

. We view and analyze the results on the Analyzer’s user interface.

See “Viewing the Results Using the User Interface” on page 49
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TCL Scripts

Validating the System

The following TCL scripts correspond to the requirements of this
example:

e “Writing Data to the Protocol Exerciser’s Data Memory” on
page 84

* “Setting Up and Running Block Transfers” on page 85

Setting Up the Trigger for the System
Validation Test

In this example, we will set up a memory write followed by a read to
the PCI Express system at 0OOFD0000 in the memory. We must first set
up the Analyzer so that it triggers upon a read to this memory area.

To set up the trigger:
1 In the Analyzer user interface, open the Trigger Setup dialog box.

2 Under Conditions, open the TLP Patterns folder, select
Memory Read 32b, and click Copy.

The condition is saved as a copy under User Patterns.

Default Action: IStDre Upstream, Store Downstream j

— Start
IF

™ NOT |TRUE

THEM
I Default Action

GOTO  |[Start

-] DLLP Patterns
-] Lirk Patterns
=] User Patterns

[ @ Memory R

l |

pats_|

ELSE

THEM
I Default Action

GOTO [Start

Figure 30  Trigger Setup Dialog Box
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3 Double-click the copied condition to edit it (or click Edqt).

The Edit Condition dialog box opens.

g Edit Condition: Memory Read 32b_2 =l
Condition Mame: Memary Read 320 2
Field | value | Length |
Packet Data
StartTag: STF[FE) 8 bitz
Sequence Mumber: e s O Bin E 16 bitz
Feserved: i) Bin ﬂ‘l bit
Frat: 30w header, no data [00] 2 bitz
Type: Memory Read [00000) 5 bitz
Reserved: il Bin | &1 bit
Traffic Class: et Bin | EJ| 3 bit
Reserved: 0000 Bin | E|4 bit
TLF Digest: Enter value > I |1 Bin - |E|1 bit
TLF paisoned: Enter value > | Bin - |E|1 bit
At o = Bin +| G| 2tits
Reserved: oo Bin | E|2 bit
Length: ] Bin | & 10 bits
—I- Requester [D: ooon _
Bus Mumber [Requester): s Bin E 8 bitz
Device Mumber [Requester]:  [sadddd Bin E 5 bitz
Function Mumber [Requester]:  [sdd Bin E 3 bitz
Tag: O Bin | EJ| 8 bit
Last D'w BE: 0 Bin | E|4 bit
First D'/ BE: 0 Bin | E|4 bit
Address: R MMRIMMNMMMNM0Y Bin - | )| 32 bits
—Dwnamic Trigger Pattern
[~ Target Use j as Source
QK I Apply Feset | Cloze | Help

Figure 31  Edit Condition dialog box

Last 0w BE:
Firzt D% BE:
Address;

Dyrarnic: Trigger Pattern

4 Set the format to Hex (set with the button next to the field) and set

Address to 0OFDXXXX.

When this condition is used, the Analyzer triggers at any 32-bit read
access to the range from 00FD0000 to OOFDFFFF.

o Bin - | =
P Bin - | =
OOFDR44 |Hex | &

4 bits
4 bits
32 bitz

Figure 32  Edit a Condition

5 Close the Edit Condition dialog box and drag the modified

condition into the Condition field.

6 Set the Default Action to Store Upstream, Store Downstream.
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7 Add an action by clicking Add next to the action field and set the
first action field to Default Action and the second to Trigger.

When any 32-bit memory read request to the defined address range

is detected, the Analyzer will trigger.

The Trigger Setup should now appear as follows:

@ Config Request

-] DLLP Patterns
-] Lirk Patterns
I'_—'ID User Patterns

pats_|

Foe @ Memory Read 32b_2

Default Action: IStDre Upstream, Store Downstreamn j Trigger Position: 25 % —— J— 5%

— Start

—IF

Add

Delete | add Delete |

Delete |

<@ Config Read I” NOT [any Direction 7| = [Memary Fead 325 2 Add
<P Config Write \
@ Message Request — THEM

<> Completion IDefauIt Action

<> Completion without c \

=] _add |_ce==y Condition field
E @Completion with date ITrigger j Add | Deletel

GOTO  |[Start =l
Action field
—ELSE
— THEM

il

|C0nFigurati0ns Onx |

GOTO  |[Start =l
|

[Defautt Action =l add | Dol | Dskte |

|r:| 'I;EI Express

Figure 33

B

Trigger Setup for the System Validation Test

8 Save the trigger configuration, for example, to
“test_trigger_on_readmem32.trg”.

9 Apply the trigger and close the Trigger Setup.

10 In the User Interface, select Run in the Capture menu to start the

Analyzer.

The Protocol Analyzer now tracks the packets sent through the bus.
If a 32-bit memory read request at address OOFDXXXX is sent, the
Protocol Analyzer triggers and records the traffic in its trace

memory.
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Writing Data to the Protocol Exerciser’s
Data Memory

To verify that the data read and write between the Exerciser and the
PCI Express add-in card works correctly, the data memory must be
filled with defined data.

To write data to the exerciser’s data memory:
1 Click the Data Memory icon.

2 For example, fill the Data Memory from 0000 0000 to 0000 00FF with
human-readable data.

Data Memory

Address Data ASCIT L
0000 000044434241 45474645 4C4E4449 S04F4E4D AECDEFGHIJELMNOPR|
0000 0010|54535251 58575655 SCS5BSASS AOSFSESD QRITUVWEYZ[N] S
0000 0020 64636261 EBGTE665 ECHEBEAGD 706FEEGD |abedefghijklmnop
0000 003074737271 78777675 7CTBT7ATY SO07FVEVD | grstuvwxyz{|i-~..
0000 004044434241 45474645 4C4B4A449 S504F4E4D | ABCDEFGHIJELMNOP
0000 005054535251 58575655 SCSBSASY GOSFSESD QRSTUVWEYI[AW]®
0000 0060 64636261 65676665 6CEEBGEAGS T7O6FEEGD |abodefghijklmnop
aaoo 0070 74737271 78777675 FCTEBTATS SO0TFVEVD grstuvwxys{| i, .
0oo0 0080 44434241 45474645 4C4E4A49 S504F4E4D | AECDEFGHIJELMNOP
0000 0090|54535251 58575655 S5CS5B5SAS9 6GOSFSESD QRITUVWEYE[N] A
0000 00RO 64636261 EBGTE665 ECHEBEAGD 706FEEGD |abedefghijklmnop
0000 O0EO 74737271 78777675 7CTB7ATY S07FVEVD | grstuvwxyzs{|i-~..
0000 0O0CO 23232323 23232323 23232323 ZIZ3IZ3Z3 |HEAHidpuudaasg
0000 0O0DO | 23232323 23232323 23232323 23232323 | HepddHdauudadiagy
0000 O0EQ 23232323 23232323 23232323 23232323 ########
0000 OOFO0Q 23232323 23232323 23232323 23232323 |HuEffddHpandgrang
0000 0100, 00000000 00000000 00000000 00000000+ e e e s nmnnsn
0000 0110/ 00000000 00000000 00000000 00000000 . @ e v e e e s vt v wmnnn
0000 0120/ 00000000 00000000 00000000 00000000 . @ e e e e e s vt v wmnnn
o000 0130/ 00000000 00000000 O0O0000CO00 00000000 e s e e e s v vnnnsn
0000 0140 00000000 00000000 O0O0000CO00 00000000 e e e e s v e vmnnsn
0000 0150 00000000 00000000 00000000 00000000 | . v u s e e e v s nmnnsn
0ao0 0160 00000000 00000000 00000000 00000000 . e e e e vt vmnnsn
aaoo 0170 00000000 00000000 00000000 00000000 e e e e s vt mnnsn
0000 0180, 00000000 00000000 00000000 00000000 . @ e s e v e s vt v wmnnn
0000 0190, 00000000 00000000 00000000 00000000 . ¢ e s e e e s vt v wmnnn
0000 0140 00000000 OOO0O0O0O0O0 00000000 00000000 . . e s e e e s vt v mmnnn
0000 CO1EQ OO0C0O0COOQ0 COO00000 00000000 00000000 e e e e v vmnnsn
ooo0 C01C0 00000000 COO00000 00000000 00000000 . e e e e s v nmnnsn
0ao0 0100 00000000 00000000 00000000 00000000 . s e e e e v vmnnsn
0ao0 O1EQ O00OQO0OOO OOO000000 00000000 00000000 . s e e e e vt vmnnsn
0000 O1F0 00000000 00000000 00000000 00000000 . @ e e e v e s vt v wmnnn
0000 0Z00 00000000 00000000 00000000 00000000 . @ e v e v e s vt v wmnnn

Figure 34  Data Memory Entry

TIP You can also export data from or import data into the Data Memory
by selecting Export or Import in the File menu.
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Setting Up and Running Block Transfers

This section describes how you set up block transfers in the user
interface.

To set up block transfers:

1 In the PCI Express Protocol Exerciser software, click the Send
Block Transfers icon.

The Send Block Transfers card opens with the Hardware
Chanmnel A tab on top.

2 Click the Insert New Request icon.

.+I:

The Select a Template dialog box opens.

.Select A Template ... =
Memory Read 32b -

Memary Wit 545
1/0 Read

1/0 Wwirite

Config Read

Config write LI
()8 I Cancel |

Figure 35 Select a Template Dialog Box
3 Select the Memory Write 32 template and click OK.

A line describing the memory write is added to the Request and one
request behavior.

4 Set the address in the PCI Express system memory to be used for
the write.

In this test, address 00FD 0000 is used. If your PCI Express system
does not support this address, change the address as necessary.

Note that you also have to change the trigger set up in “Setting Up
the Trigger for the System Validation Test” on page 40.
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5 Set the address and length of the data to be used from the Data
Memory.

The following values are used in this example:

- At: 000000
— Length: 0000FF
HardwareChannel A |HardwareChanneIB |HardwareChanneIC |
—Request
b= —Read Data From ..
" Discard
= " Data Generator
¥ Data Mermary
L Ak: |uuuuuu Hex-|ﬁ|
Length: IDUDDFF Hex-|ﬁ| Cifs
—Wait | Repeat Settings
IRepeat until Pattern Matched j
iz s 4
Repeat Request ID Mﬂl
4 | ﬂ [ Irfinite Run
—Request Behavior
B Line Mo Chunk Length Of Payload Repeat | Emors
[
g

Figure 36 Memory Write Settings

6 Select the Memory Read 32 template and click OK.

A line describing the memory read is added to the Request.

7 Set the memory address of the PCI Express system from which the
data should be read to O0OFD 0000.
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8 To make the data compare possible, address and length of the
location in the Data Memory to which the data from the PCI
Express system should be written must be the same as for the read
request.

In this case:
- At: 000000
— Length: 0000FF

HardwareChannel A | HardwareChannel B |HardwareChanneIC |

—FR.equeskt
= “Wirite Data T ...
" Discard
s " Data Comparatar
¢ Daka Memory
= Ak: |nc|c|cu:|n Hex v|E|

E ' BE* First D - Length: IDDDDFF Hex v|ﬁ| DWs
ehawviar 1111 1111 )

EndTag
sior | EMD [FD

—WWait | Repeat Settings

IRepeat until Pattern Matched j

i1z 3 4
= Iiepee.lthequest IEI Dec vlﬁl
1 | _"I_ Irfinite Run

Figure 37  Memory Read Settings
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9 Click the Insert New Behavior icon to insert four Request
Behavtors.

10 Change the Chunk Lengths of the payload to 17, 13, 23, and 14, for
example.

11 Change some of the other packet parameters to test how the PCI
Express system reacts to faulty packets (for example, if Payload
Size, Disparity, or LCRC are incorrect).

Send Block Transfers

HardwareChannel & | HardwareChannel B |HardwareChanneIC |

- kRequest

J-Wrike DataTo .., ———————— «
" Discard

" Data Comparator
' Data Memory

ader. n Gl=t a
ar
3de|
-
} | —Request Behavior

Line Mo Chunk Length Of Payload Repeat | Emaors

1
B[ || e 30 e ) ot ) Core ) Coner 0 D
uc| || Dot Do besead Dimesty

] 20 23—
||| B e R T ket Enet ) B Eoen ) Do)
D) Drates ) Demtes) Dosmath

e o
L Pl B To810) Makaaen (0 o (0) Lo 0 Lot 0 i 0
Dy Dranes ) Demtes0) Doseath
4

0

Fields with "*" can be set by user,

Apply | Cancel Help |

Figure 38  Block Transfers with different Lengths of Payload
12 Establish the link:
— In the General tab, check the desired link width.

— Select Platform for the DUT Connectivity and To Upstream for
the Session Type.

— Initiate link training by clicking Link Up in the Action menu.
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The link is established if Link State is Active.

|Hardware Skakus 1 |

Statusl FlowCo ... |F‘erFu:urm...|

i

Link Stake: Bckive
Link, Width: %1

Figure 39  Active Link State
13 Enable the data compare:
— Open the Data Memory and click the Memory Compare tab.

— Check Enable Memory Compare.

Data Memory

Edit Memory  Memory Compare

Setup

¥ Enable Memory Cormpare

—Informnation
#’ Errar Skakus: Mo Errors
Error fddress: IIIIIIIIIIIZIIZIEIEID M
Error Expected Data: IIIIIIIEIIZIIZIEIEID M
Error Actual data: IIIIIIIIIIIZIIZIEIEID M

When running the block transfer, the Exerciser will compare the
original data with the data read from the PCI Express system and
give you information about error address, the expected data and the
actual data.

14 Click Send Block Transfer in the Action menu to send the block.
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Viewing the Results Using the User

Interface

Once the trigger has been set up, we can start the Analyzer. When the

Analyzer detects a 32-bit memory read request, it will trigger, allowing

us to view any traffic that is captured.

To start the Analyzer:

1 In the Protocol Analyzer software, click Start in the Capture menu.

The Protocol Analyzer now tracks the packets sent through the bus.

2 In the Protocol Exerciser user interface, send the block transfer as
described in “Setting Up and Running Block Transfers” on

page 44.

You can now view the captured traffic in the Protocol Analyzer and

verify if the behavior of the PCI Express system in response to the

memory write and memory read requests and the included error

(incorrect LCRC) is correct.

ﬁngilent E2960A Protocol Analyzer for PCI Express

File  Edit

rE T EEHSR|AAP ¢ » BT-%%%|(Qox-

Wieww  Capture  Help

Dir. |Timest Rel Times Idletime |Transmissiontime |PacketMo |T Address [Data |Len T
&+ 852 16 16 8 19 Ak
& 576 24 8 20 Mak

1,340 112 2 8 P UpdatsFC-P

& 1372 32 8 8 2% UpdatsFT-HP

S 1.3 16 8 /\
B 7

27 UpdateFC-Cpl

& 2700 40 ] 8 43 Ack
& 27038 8 ] 8 43 Ack
& 2716 8 16 8 50 Ack
(E3] A 2 7FAn 24 A A Rl bk

Figure 40  Analyzer with Captured Memory Read Requests
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,W..-Agilent E29604 Protocol Analyzer for PCI Express

File Edit Wiew Capture Help

rE T EEHSR|AAP ¢ » BT-%%%|(Qox-

Sequence Number [Rel Times Idletime |Transmissiontime |PacketMo |T

Dir. |Timest

el g s e D N e e e e M D
R s e [ (1 s e Ve e A i [
el e e ile e e s i D [ e e o AT 0 RN e
e e T e e T T ey it T00RD D1 [00DRTRTT

e m el gy s o e D R e e e TG O D
R e e [ (1 s e W e e (O [
il e e s 5 e s i e b s e e o e S R o

T (e it s (00 DT D (D
7 T 157 7~ - 624 017
8

4 5,048 oo 52 55 Nak
T (T vt s (00 T2 [0 (O

T (e E et s (00 DI [ED RIS (OO
T T vt s (00 ST (DB (O

T (e A vt s (00 AT [ 5 B (OO
T T (T ot s (O F ST T (O
T T (0 o e s (O ST R (I
T T T (0 F st s (O F O [ (T
T I T (s e s (O ST (OO [TV
T T (T st s (O F O (O (O
T I T 5 ) st s (O ST (S (I
T I T (T st s (O ST [OEAE (T
T I T e st e s O F ST [ [V
43224 002 e B 28 Ak 0
T T T o e s O F o T (i
O 4344 003 72 8 24 Ak 0
T T T st e s O F o [0 (T

L e el e B w8 8 .
5] -—_——_———Fﬂ_l

4

Figure 41  Protocol Analyzer with Captured Memory Write Requests

Exerciser sends the
Memory Write
Request with
incorrect LCRC

PCI Express system
responds with a Nak
on the last correct
packet

Exerciser sends the
packets with correct
LCRC

As you can see, the PCI Express system responds correctly.
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Validating the System Running Your First Tests

Additionally, in the Protocol Exerciser software, open the Data
Memory and click the Memory Compare tab.

The Exerciser compares the original data with the data read from the
PCI Express system and shows you the error address, the expected
data and the actual data. See the figure below for an example of an
incorrect data transfer.

Data Memory

Edit Memory  Memory Compare

Setup

[+ Enable Memory Compare

—Information
# Error Skatus: Error occurred
Error Address: |EIEIEIEIEIEIEI4 Hex vl
Error Expected Data: IEIIIIIIIEIEIEIC4 Hex vl
Error Ackual daka: IEIIIIIIIEIEIEIEIF'. Hex vl

Figure 42 Memory Compare with Detected Error
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Validating the System

What Happens at the Exerciser when
transferring a Block?

The Exerciser also operates as a requester for this task. The following
figure illustrates the Exerciser components involved.

TX RX

Hardware
Channel A

Block
Memory

Request

Request 2

Requestn

Reg. Beh.
Memory

Behavior 1

Behavior 2

Behavior n

Data Memory

PRM

Trans. 1

e

Trans.2

Trans. n

Transaction Laye/ Payload i Payload
i Y

DLL / Phy. Layer \»{ Packet 7 I { Packet ;

Figure 43

Exerciser as Requester (transferring a block)

The desired requests and request behaviors are written to the Block
Memory (BM) and Request Behavior Memory (RBM) for a particular
Hardware Channel. The required data is written to the Data Memory.

When you transfer a block, the requests are processed one at a time,
taking the necessary data from the Data Memory, and according to the
current request behavior.

Block transfers also use the Pending Request Map (PRM) to keep track
of open responses and which memory areas they should access. For
block transfers, the received completions are not stored.

See “Exerciser as Requester” on page 62 for a detailed description of
how the Exerciser acts as a requester.
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Bringing Up and Debugging a
PCI Express Add-In Card

In the early stages of the bring up and debug of your prototype, you
need to assess its behavior and root out the causes of errors and
performance problems.

The Protocol Exerciser and the Protocol Analyzer for PCI Express
helps you to verify the physical and data link layer capabilities of a PCI
Express add-in card as well to simulate such add-in cards on the
transaction layer.

Task This test provides an example to check if the PCI Express add-in card’s
Physical layer functions correctly by modifying the Protocol
Exerciser’s link settings. After the link setting scrambling has been
disabled, link training will be performed to see if the add-in card
changes its scrambling mode as well.

The Protocol Analyzer is set up to capture the traffic sent between the
Protocol Exerciser and the PCI Express add-in card.

System Setup  The following system setup is required for this test:

* The add-in card to be tested is plugged into the PCI Express slot at
the top of the probe board set up as Analyzer.

* The Analyzer probe board is plugged into the PCI Express slot at the
top of the probe board set up as Exerciser.

* An external ATX power supply is connected to one probe board. The
power jumper on the probe board should be set to Ext (instead sys).

The external power supply is required to power the add-in card.
Alternatively, you could plug the probe board into a powered PCI
Express slot and set the jumper to sys.
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o4

e

Bringing Up and Debugging a PCI Express Add-In Card

The system setup is as follows:

LAN

Device Under Test

Analyzer

Figure 44

How to Proceed

TCL Script

Exerciser

External Power
Supply

Protocol Exerciser and Analyzer Setup for Testing a PCI Express Add-In Card

This test is carried out as follows:

1.

We have to establish an Exerciser session (described in
“Establishing an Exerciser Session” on page 19) and an Analyzer
session at the client.

See “Establishing an Analyzer Session” on page 31.

We set up and establish a PCI Express link between the Exerciser
and the add-in card.

See “Establishing a PCI Express Link” on page 23.

. We set up a trigger on the Analyzer so that the Analyzer captures

traffic around a specific link state.

See “Setting Up a Trigger” on page 33.

We set up the Exerciser with disabled scrambling.
See “Modifying Specific Link Settings” on page 59.
We start the Analyzer and view the captured traffic.

See “Running the Test and Viewing the Results for the Bring Up
and Debug Test” on page 60.

The following TCL script corresponds to the requirements of this

example:

“Modifying Link Settings on the Exerciser” on page 89
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Bringing Up and Debugging a PCI Express Add-In Card Running Your First Tests

Setting Up the Trigger for the Bring Up and
Debug Test

In this example, we initiate link training with disabled scrambling and
check if the PCI Express add-in card disables scrambling as well.

In the user interface, we must first set up the Analyzer so that it
triggers upon a link state with disabled scrambling.

To set up the trigger with the user interface:
1 In the Analyzer user interface, open the Trigger Setup dialog box.

2 Under Conditions, open the Link Patterns folder, select TS1, and
click Copy.

The condition is saved as a copy under User Patterns.

Conditions

[#-_] DLLP Patterns ﬂ
=[] Link Patterns

----- @ Skip CQrdered Set

----- @ Electrical Idle Ordere
----- @ Fast Training Sequer
..... @ T51

----- 3> TS1 with PAD{PAD
----- <3 TS1 with valid Link Mo
----- <3 TS1 with valid Link/Lz
..... @ TS

..... < TS1 or TS2

=1 User Patterns

Delete || Edit. .. I

Figure 45 Trigger Setup Dialog Box

We have to define a condition with disabled scrambling and use this
as the trigger. We can do this by creating and editing a copy of a
condition and loading this new condition.
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3 Double-click the copied condition to edit it.
The Edit Condition dialog box opens.

B! Edit Condition: T51_2 10l =|

Condition Mame: |T51_2

Field | value | Length |

Packet Data
StartTag: COM [BC) 8 bitz
LinkMNumber: Enter value > - [ [0 00003 Bin | )| 16 bits
LaneMumber: | Enter value --> - [ [0 00003 Bin | )| 16 bits
N_FTS: B ] Bin - | E| 16 bits
Data Rate: Entervalie > ¥ |[<0000000000¢. Bin | BB 16 bits
Training Contral: | E nter value -» - [ [0 00003 Bin | )| 16 bits
Type: 751 (> |[004A00440045004 Hex » | E| 160 bits

—Dwnamic Trigger Pattern
[~ Target Use I j as Source

QK I Apply Feset | Cloze | Help

Figure 46 Edit Condition dialog box

4 Set Training Control to Disable Scrambling.

B! Edit Condition: T51_2 10l =|

Condition Mame: |T51_2

Field | value | Length |
Packet Data
StartTag: COM [BC) 8 bitz
LinkMNumber: Enter value > LRGN Bin | B 16 bits

LaneMumber: Enter value - LRGN Bin | B 16 bits
MN_FTS: S O, Bin | E| 15 bits
Data Rate: Enter value - x|l bl Bin [ |16 bits
Training Contral: g [hd 0000000000001 000 Bin - E 16 bits

Type: 004400440044004 Hex w | | 160 bits

—Dwnamic Trigger Pattern
[~ Target Use j as Source

QK Apply Feset | Cloze | Help

Figure 47 Edit a Condition

5 Close the Edit Condition dialog box and drag the modified
condition into the Condition field.

6 Set the Default Action to Store Upstream, Store Downstream.
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7 Add an action by clicking Add next to the condition field and set the
first action field to Default Action and the second to Trigger.

The Analyzer is now set up to view the link training in both
directions (upstream and downstream), and to store 25% of the
traffic that occurs before the trigger point and 75% after the trigger
point.

The Trigger Setup should now appear as follows:

nTrigger Setup
File  Edit Yiew Help
] =
|C0nditi0ns Onx |
Default Action: | Store Upstream, Store D ownstream j Trigger Position:  25% —— J— 7
(] DLLP Patterns |
EID Link Patterns — Start
<> Skip Ordered Set —IF o Add
2> Electrical Idle Ordere ™ NOT |any Direction 7| = [T51_2 Add | Delete | Delete |
@ Fast Training Sequer Delete |
<3 151 THEN
< TS1 with PADJPAD | Default Action =] _add | Deie |
2> TS1 with valid Link Mt
<P T5L with valid LinkiLe [ - | ~dd | Deletc |
il T52
el TS1 0 TS2 GOTO  [Start =l
I'_—'ID User Patterns
L TS12
THEM
DI & Dl
[Detaut action =] addl | | peetz | JLEET
Delete | -Edit...
GOTO  [Start =
|C0nFigurati0ns Onx |
[ |
117 PCI Express <l

Figure 48 Trigger Setup for the Bring Up and Debug Test

8 Save the trigger configuration, for example, to
“test_trigger_on_disscrambler.irg”.

9 Apply the trigger and close the Trigger Setup.
10 In the User Interface, select Run in the Capture menu to start the
Analyzer.

The Protocol Analyzer now tracks the traffic sent in both directions
through the bus. If any 7S1 with disabled scrambling is detected, the
Analyzer triggers and stores 25% of the link states before the trigger
point and 75% after the trigger point.

Agilent E2960 PCI Express, User’s Guide, November 2004 57



Running Your First Tests Bringing Up and Debugging a PCI Express Add-In Card

Disabling Scrambling an the Analyzer

To avoid that the Analyzer shows all-red packets after starting the link
training, you can set the analyzer to disable the scrambling as well:

1 Click Hardware Setup in the Capture menu.

This opens the Hardware Setup dialog box with the General tab on
top.

nHardware setup 10l =|

General |Up,|’D0wnstream |

[~ Enable advanced setup

—Setkings
Memory depth: |128 kB 'l
Spec revision: 1.0a i

DUT Connectivity: IBench ~ l

Avail, sw package: xl 2 w4 x5

Link: width: Coxl O w2 oxd ol
Clock source: & internal " external
—#Actions

Reset Receiver |

QK I Apply | Cancel Help |

Figure 49 Hardware Setup Dialog Box

2 Select the Up/Downstream tab and set Descrambler to Disabled.

nHardware setup 10l =|

General  UplDownstream |

Descrambler: " Enabled * Disabled

Lane reversal: " On % OFf

—Polarity reversal

Made: " Manual (% Automatic
Lane O: @& formal ) Inverted
Lane 1: @& formal ) Inverted
Lane 2: @& formal ) Inverted
Lane 3 @& formal ) Inverted
Lane 4: @& formal ) Inverted
Lane 5t @& formal ) Inverted
Lane 6: @& formal ) Inverted

Lane 7: @& formal ) Inverted

QK I Apply | Cancel | Help |

Figure 50 Hardware Setup Dialog Box with Disabled Descrambler
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Modifying Specific Link Settings
On the Protocol Exerciser, several link settings can be modified to
analyze the physical layer capability of the PCI Express add-in card.

In this example, the scrambler will be disabled.
To disable the scrambler:
1 Select the General icon on the Exerciser.

2 Disable the Scrambler.

This forces the Protocol Exerciser to disable the scrambler. As soon
as another device requests the disabling, the Exerciser reacts

correctly.

3 Because an add-in card is tested, select Bench for the DUT
Connectivity.

4 Apply the settings.

The Link Settings should now appear as follows:

General

Link Settings | Lane Settings |PatternMatcher |Trigger ok |Data Generator |

Supparted Link Widths: Wx1 Wxz Vx4 V8
Megotiated Link Width: x4

Scrambler: IDisabIed j
Clack source: Iinternal j
DUT Connectivity: IBench j
Session Type: ITo Downstream j

Apply Cancel | Help I

Figure 51 Modified Link Settings

NOTE Do not initiate the link training yet. We will do this in “Running the
Test and Viewing the Results for the Bring Up and Debug Test” on
page 60.
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Bringing Up and Debugging a PCI Express Add-In Card

Running the Test and Viewing the Results
for the Bring Up and Debug Test

The Analyzer is set up to trigger on the first link state with disabled
scrambling during the link training.

To run the test and view the results:

1 In the Protocol Analyzer software, click Start in the Capture menu.
The Protocol Analyzer now tracks the link states sent through the

bus.

2 In the Protocol Exerciser user interface, initiate the link training by
clicking Link Up in the Action menu.

Once the link has been initiated, you can open the Protocol Analyzer to
view the captured traffic captured around the first link state with

disabled scrambling.

+-

& -116 0
& -116 0
&+ -116 0
4 64 52
4 64 a
4 64 a
B i B4 a

COM 4 3 15
Training Contral

B &5 12

StartTag LinkMumber LaneMumber M_FTS Data Rate
2 (2.5 GBit/s)

normal (o reset, link. enabled, no loopback, enable scrambling] TS

64

Exerciser performs

T oot Fi link training with

o I” disabled scrambling
1633 [~

13 T52

12 T52 o
N T52 o
A0 Power Manac 0 [
a Vendor defim 0 [T

—| FlowContral 1633 [

InitFC1l-p - 78 [
miecn s 1he PCI Express

mitFcLe~78 [T add-in card responds
2p 75 [

miFczn 75 - with disabled
IntFC2-C 75 [

Type

StartTag LinkMumber LaneMumber M_FTS Data Rate  Training Contral ype i
15 2(25GBit/s] Disable Scrambling 52 35::::2 iy F scrambling
: :g g gj 'i UpdateFc 391 [
+ -52 0 £ -3 - Link elements 2958 [~
: - . 751 1576
E |52 l E E i T52 665 IE
StantT ag| LinkMumber| LaneMumber (M_FT5|Data Rate | Training Contral )
COk 0 15 Compliance o
| —r ; o ! — EIDL . F
i 0 0 B4 0 151 . .
@+ 0 0 54 1 TSt SKP 712 - Trigger Point
+ 12 12 B4 2 T52
41z i B4 3 152
41z i B4 4 152
+ 12 1] B4 5 T52
S [ 52 54 [ 152
4+ B4 1] B4 7 T52

-l

Figure 52  Protocol Analyzer with Captured Link States
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As you can see, the PCI Express add-in card responds correctly.
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NOTE

NOTE

This chapter provides in-depth information into the Exerciser
architecture. The information here is essential for understanding the
internal structures of the Serial I/O Modules when they are set up as
Exercisers.

The Analyzer architecture is simple and is therefore not explained in
detail in this document.

This chapter explains how the Protocol Exerciser works as:

* A requester

As requester, the Exerciser requests data to be tranferred to or from
the add-in card or PCI Express system under test and then waits for
the completion.

* A completer
As completer, the Exerciser responds to requests from the add-in

card or PCI Express system under test.

Additionally, a short functional description of all Exerciser
components is provided.

Typically, the Exerciser will function both as a requester and
completer in any test. This depends on the device or system being
tested.
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Exerciser as Requester

Exerciser as Requester

As requester, the Exerciser requests the add-in card or PCI Express
system under test to perform certain actions (for example, to read to
or write from its memory). The following diagram illustrates what
typically happens at the Exerciser in this case.

|
X i RX
i
SP Mem. | S| Compl. Mem.
Trans. 1 | Compl. 1
Behavior 1 | Compl. 2
Data : Compl. n
A
Hardware [ !
Channel A i
Block L Data Memory
Memory
Request
Request 2 PRM
i Trans. 1
Request n Trans.2
Req. Beh. Trans. n
Memory !
Behavior 1 : f ]
Y J— Algorithmic Data
Behavior 2 Generator
— |
Behavior n .
=' !
L|: i

Transaction Laye/ ; Payload /—/ll/ \ Payload ;
|

DLL / Phy. Layer \\>< Packet  / [ \ Packet /

Figure 53  Exerciser as Requester

NOTE

As indicated in this figure, there are three hardware channels (A, B,
and C). Each of these hardware channels has its own Block Memory
and Requester Behavior Memory (Req. Beh. Memory).

The Request Behavior Memory acts as a loop. It contains any number
of request behaviors that it uses progressively. There is no direct
correlation between the number of entries in a hardware channel’s
Request Behavior Memory and the number of entries in its Block
Memory.
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Exerciser Architecture Overview

The Exerciser’s workflow as requester for a Block Transfer is as

follows.

1.

The requests to be carried out are written to one of the three
Hardware Channel’s Block Memories.

User Interface: Send Block Transfers page, Request section

Programming: Exerciser’s Block Setup functions

The data memory is filled with data as necessary.
User Interface: Data Memory page

Programming: Exerciser’s Data Memory Access functions

. The required behaviors are written to the hardware channel’s

Requester Behavior Memory.

User Interface: Send Block Transfers page, Request Behavior
section

Programming: Exerciser’s Behavior Setup functions

The block transfer is started.
User Interface: Action menu, Run item

Programming: Exerciser’s Run Control functions

When the block transfer is started, the packets are assembled on
the Transaction Layer according to the current request, the current
entry in the behavior memory, and any data required from the Data
Memory or the Algorithmic Data Generator (as defined in the
request).

For each request that expects a response (for example, for a data
read), an entry is written to the Pending Request Map (PRM). This
entry contains the memory location for any data to be returned.
Note that no new requests are sent while the Pending Request Map
is full (because too many requests are pending).

The PRM has either 32 or 256 entries, depending on the extended

tag mode (for more information, see the PCI Express Specification,
Extended Tag Field Enable bit, section 7.8.4).

This is done internally and requires no additional effort.
The packets are then sent to the data link layer (DLL) for

transmission. The data link layer adds the sequence number, LCRC
and framing to the packets and then sends them.
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NOTE

Exerciser as Requester

If the current behavior specifies that the packet is to be sent with
an error that forces a NAK (for example, wrong LCRC), the packet
is sent once with the error and when the add-in card or PCI
Express system under test returns a NAK (negative acknowledge),
it is sent without the error. Other errors, like nullified TLP or
wrong length, are not checked in the DLL and therefore do not
result in an automatic (correct) replay.

This is done internally and requires no additional effort.

If the request requires a response, when the response is returned,
the entry is looked up in the Pending Requests Map (PRM). Any
returned data is written to the memory location or the Comparison
Algorithm (specified when the request was created).

This is done internally and requires no external effort.

If the add-in card or PCI Express system under test does not
respond to a request, the entry in the PRM is not removed. If too
many requests are ignored (because the add-in card or PCI Express
system under test cannot handle certain errors added to the
packets), the PRM will fill up, and no further requests will be
allowed. In such a case, you have to retrain the link to clear the
PRM.

The workflow for Send Single Packet differs from the above as follows:

The requests and behaviors for the transactions are written to the
Single Packet Memory (SP Memory). The data can be written to
either the Single Packet Memory or the Data Memory (as configured
in the request).

When a response containing data is returned, it can be written to
either the Single Packet Memory or the Data Memory (as configured
in the request).

Received completions are written to the Send Immediate
Completion memory (SI Compl. Mem.) instead of being discarded.
This gives you the possibility of inspecting the packets’ headers.

User Interface: Send Single Packet page

Programming: Exerciser’s SI Control (Send Immediate) functions
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Exerciser Architecture Overview

Exerciser as Completer

When the Exerciser acts as completer, it responds to requests sent by
the add-in card or PCI Express system under test (for example, a
memory read). The following figure illustrates the various components
of an Exerciser in this case.

TX | -
I
N Response
Manager
Que;y_
temor Config
Comp 1 Accesses
_Compl.1 Data Memory Decoder
_Compl.1 | Decoder ;
_Compl.2_ [P R
- BAR1 |
= __BAR2 =
— BAR3 |
Comp. Beh. » eyl
Memory | ears =
Behavior 1 | “Boron |
Behavior 2 .
o I FE— Algorithmic Data | ¢
o I Generator
_Behaviorn_ I
:'I 1
— |
|
Transaction Layer Payload |
I
I
v

Figure 54  Exerciser as Completer

NOTE

As indicated in this figure, there are two queues. Both of these queues
have its own Completion Memory (Comp. Memory) and Completion
Behavior Memory (Comp. Beh. Memory). The Queue used depends on
the settings in the Decoder.

A Queue’s Completion Behavior Memory acts as a loop. It contains any
number of completion behaviors that it uses progressively. There is no
direct correlation between the number of entries in a Queue’s
Completion Behavior Memory and the number of entries in its
Completion Memory.
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Exerciser as Completer

The Exerciser’s workflow as completer is as follows:

1.

The Decoder is set up as necessary to configure access to the I/O
area, data memory, or data generator.

If no BIOS is available, the Decoder has to be configured by the
user.

User Interface: Decoder page

Programming: Exerciser’s Configuration Space Control functions

. The desired completion behaviors for each Queue are written to the

corresponding Completion Behavior Memory.
User Interface: Completion page
Programming: Exerciser’s Behavior Setup functions

The Exerciser receives a request from the add-in card or PCI
Express system under test.

If the request requires access to the configuration space, it is
passed to the embedded software running on the Serial I/O Module.

If the request requires access to the memory, the memory area to
be accessed is defined according to the BARs and the expansion
ROM.

This is done internally and requires no additional effort.
The Response Manager writes the completion necessary for

responding to the request in the Completion Memory of the
corresponding Queue.

This is done internally and requires no additional effort.

. The packets are assembled on the Transaction Layer according to

the completion and the current behavior and then passed to the
data link layer for sending.

This is done internally and requires no additional effort.
If the current behavior specifies that the packet is to be sent with
an error that forces a NAK (for example, wrong LCRC), tha packet

is sent once with the error and a NAK (negative acknowledge) is
returned, it is sent without the error.

This is done internally and requires no additional effort.
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Algorithmic Data Generator

Block Memory

Completion Behavior Memory

Completion Memory

Data Memory

Decoder

Exerciser Architecture Overview

Exerciser Components

As described in “Exerciser as Requester” on page 62 and “Exerciser
as Completer” on page 65, the Exerciser consists of various
components that work together. This section provides an functional
overview of these elements (in alphabetical order).

The algorithmic data generator is used to generate semi-random data.
This data is written to the add-in card or PCI Express system under
test. When it is read, the returned data is compared to the expected
data. Thus, large memory access tests can be carried out, despite the
memory restrictions of the Serial I/O Modules.

The block memory is used to hold the information necessary to build
up a request transaction: it holds for example the transaction type, a
pointer to the data memory for the data to be included, and the
information for the bus to be used.

The completion behavior memory contains a series of entries that
describe how the completions are to be assembled (for example,
maximum payload length, number of times the transaction is to be
repeated without incrementing the transaction number, or any errors
that should be included when the packet is assembled.

Similar to the block memory, the response memory is a FIFO list of the
completions to be processed for a particular queue. These responses
are used to generate the payloads and packets to be sent to the
requester.

The data memory is a 2-MByte volatile memory space on the Serial I/O
Modules that is used to temporarily store data. This data can either be
used for writes to or reads from a device.

The data in the data memory can be imported from files, or exported
to files. There are no special formatting requirements on this data.

Accesses to memory areas up to 8 EBytes (2763 bytes) can be set up in
the decoder. The available data memory is wrapped around to supply
this amount of memory space.

The decoder is used to configure the access to the Exerciser’s
configuration space (BARO — BAR5, expansion ROM). It provides the
necessary data locations for accesses to the configuration space.
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Hardware Channels

Pending Request Map

Queue

Request Behavior Memory

Request Memory

Single Packet Memory

Virtual Channels

68

Exerciser Components

The three hardware channels use their own blocks in the Serial I/0
Module’s memory to manage the channel’s requests (the Request
Block Memory) and request behaviors (Behavior Memory). The
hardware channels are further divided into Virtual Channels.

When the Exerciser sends a request to which it expects a response (for
example, a memory read), an entry is written to the pending request
map to keep track of the responses to be expected (so that the
Exerciser can handle them as necessary).

Two queues are implemented for handling responses to requests.
These queues both have a block memory (for holding the requests) and
a request behavior memory (for describing how the requests are to be
processed).

It is recommended to use one queue for handling the “normal” traffic
and to keep one queue free to handle high-priority traffic.

The request behavior memory contains a series of entries that
describe how the requests are to be assembled (for example, maximum
payload length, number of times the transaction is to be repeated
without incrementing the transaction number, or any errors that
should be included when the packet is assembled.

The request memory is a FIFO list of the requests to be processed for a
particular hardware channel. These requests are used to generate the
payloads and packets to be sent.

The single packet memory is almost identical to the memory for a
hardware channel: besides a Request Memory and Request Behavior
Memory, it also contains its own Data Memory.

The Exerciser has three physical hardware channels but has been
designed to emulate up to eight virtual channels. Hardware channel A
and B are mapped directly to virtual channels 0 and 1, respectively.
Virtual channels 2 - 7 are emulated on hardware channel C.
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How to Program the Exerciser and
Analyzer

The following sections provide you with some basic information that
helps you familiarize yourself with developing programs for the
Agilent Protocol Exerciser and Protocol Analyzer:

» “Using the DCOM API” on page 70

Provides a class overview of the DCOM API and describes how the
classes and interfaces interact. See the E2960 PCI Express Series
API Reference in the online Help for details.

e “Controlling the Exerciser from a SUT” on page 73

Provides the information you need when developing a program for
controlling the Exerciser over the PCI Express bus from the system
under test.
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70

Controller PC

Client

Using the DCOM API

Using the DCOM API

The following figure provides a short overview of how the PCI Express

classes and interfaces are related.

AgtResourceManager

IAgtModuleManager

IAgtSessionManager

Session

IAgtPortSelector

IAgtTestSession

Exerciser Session

Analyzer Session

IAgtPCIEEXerciser

IAgtPCIEEXerciserEvents

IAgtPCIEANalyzer

IAgtPCIEAnNalyzerEvents

IAgtPCIEControl

IAgtPCIEControl

Figure 55 Overview of PCI Express Classes

The Resource Manager (AgtResourceManager) runs on the controller
PC. The Session Manager (IAgtSessionManager) and Module Manager
(TAgtModuleManager) are interfaces of the Resource Manager.

The Session Manager manages all sessions (number of sessions and

their types), the Module Manager manages the hardware (module

numbers, module types).
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Opening a New Session

You would use the following commands to open a new session from a
DCOM-based program. Use this description in conjunction with the
E2960 PCI Express Series API Reference in the online Help to get
started in creating DCOM-based programs.

¢ Create an instance of the Test Session to the controller PC:

#def i ne HOSTNAME L"I ocal host "

COSERVERI NFO serverlnfo = {0, HOSTNAME, NULL, O};

MLTI_Q myi;

mgi . hr = 0;

ngi . pltf = NULL;

ngi . pl 1D = & __uui dof (1 Agt Test Session));

HRESULT hRes =

HRESULT hRes = CoCr eat el nst anceEx(__uui dof ( Agt Test Sessi on), NULL,
CLSCTX_REMOTE_SERVER, &serverlnfo, 1, &mi);

i f (FAILED(hRes))
{ _comerror e(hRes);

throw e;

}

}
| Agt Test Sessi onPtr pTest Session = ngi.pltf;

* Open a session with the necessary configuration:
| ong sessionHandl e =
pTest Sessi on- >CpenSessi on( " PCl EExer ci ser ToDownst r eant',
AGT_SESSI ON_ONLI NE) ;
* Get the Port Selector from the Test Session.
| Agt Port Sel ectorPtr pPort Sel ector =
pTest Sessi on- >Get | nt er f aceByNane(" Agt Port Sel ector");
e Add a port to the session:
| ong port Handl e;
pPort Sel ect or->AddPort (101, 1, portHandle);
* Get the session’s Exerciser interface:
| Agt PCI EExer ci serPtr pExerciser =
pTest Sessi on->Cet | nt er f aceByNane( " Agt PCl EExer ci ser");
* And when you are finished, close the session:

pTest Sessi on->Cl oseSessi on()
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Accessing a Running Session

You would use the following commands to access running sessions

from a DCOM-based program. Use this description in conjunction with
the F2960 PCI Express Series API Reference in the online Help to get
started in creating DCOM-based programs.

Create an instance of the Session Manager to the controller PC:

#defi ne HOSTNAME L"I ocal host™"
AGTRESQURCEMANAGERLI b: : | Agt Sessi onManager Ptr pSessi onManager ;
COSERVERI NFO serverinfo = {0, HOSTNAME, NULL, 0};
MULLTI _Q nui;
mi . hr = 0;
mgi . pltf = NULL;
moi . pl 1D = & __uui dof ( Agt Sessi onManager)) ;
HRESULT hRes =

CoCr eat el nst anceEx(__uui dof ( Agt Sessi onManager ),

NULL, CLSCTX REMOTE_SERVER, &serverlnfo, 1, &mi);

i f (FAILED(hRes))
{ _comerror e(hRes);

throw e;

}
pSessi onManager = ngi. pltf;

Use the instance to get a list of the handles of the open sessions:

| ong count;

SAFEARRAY *psa;

psa = SafeArrayCreateVector (VI_U4,0,0);
pSessi onManager - >Li st OpenSessi ons( &count , &psa) ;

Check the session type using the session handles:
BSTR test = pSessi onManager - >Get Sessi onType(1);
If the session type corresponds to the required session, use the
session handle to get the Test Session:
| Agt Test Sessi onPtr pTest Session =
pSessi onManager - >Get Sessi onl nterface(1);
Get the Exerciser interface:
| Agt PCl EExerci serPtr pExerciser =
ppSessi onl nt erf ace- >Cet | nt er f aceByNane( " Agt PCl EExer ci ser");
And when you are finished, close the session:

ppSessi onl nt er f ace- >0 oseSessi on()
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Controlling the Exerciser from a
SUT

The Protocol Exerciser features an in-system PCI Express port that
can be used for controlling its behavior over the PCI Express bus. This
allows programs running on the system under test (SUT) to request
actions from the Exerciser over PCI Express, thus eliminating the need
for a separate LAN connection on the SUT.

The requests are sent as PCI Express packets that contain Exerciser
commands or requests as data. The Exerciser can then carry out the
necessary actions and send replies to the requester using PCI Express.

This type of setup is required if you have a test program that runs on a
system under test (SUT) that requests actions from the Exerciser.

The following figure shows the software structure with the PCle port

API:

Client PC Controller PC Serial I/O Module SUT
User Program N Embedded User Program
(C++, C#) T T e Software (C++, CH#)

< < 5 <z(

>

Exerciser § < Z 4 § g - Hardware PCle Port API
Software o - o £ € -

E E g Driver
tcl 2|0 o |©

Script g © © ]
s = PCI
Probe-------1 —
Express

Figure 56  Software Structure for Testing with a System Under Test

Differences between the PCle Port APl and
DCOM API

There are several differences in how the PCle port API is used
compared to the DCOM API:

* The PCIe port API does not use the COM interface.

Therefore, the COM initialization calls (CoComlnitialize, etc.) that
are required with the DCOM API are not required.
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CAgtPortSelector

CAgtPCIEEXxerciser

Controlling the Exerciser from a SUT

* No configuration of the session is possible over the PCle port API.

The System I/O Module must already be set up as Exerciser, the
session must be started, the required port(s) must be added, and
the link must be brought up before the PCle port API can be used.

* The system performance is generally slower than if the Exerciser is
controlled over LAN.
This is due to the fact that the PCI Express bus has additional
traffic for the communication with the requester.

* Testing on the DLL/Phy layer cannot be performed.
Any manipulation of the link causes the PCle port API to lose the
connection to the requester.

* Event notifications are not supported by the PCle port API.

* The port handle must be obtained over the port’s physical address.

Most DCOM API functions use the port handle to reference to a
particular port within a session. The port handle is typically derived
from a call to Port Sel ect or- >AddPort . The PCle port API provides a
new function to get the port handle:

Connect Port (physi cal Address, &porthandl e)

Working with the PCle Port API

The PClIe port API provides two classes required for sending
commands to an Exerciser over the in-system port:
e CAgtPortSelector

Contains functions for opening and closing the connection to PCI
driver.

* CAgtPCIEExerciser

Provides all exerciser API functions needed for communicating with
the Serial I/O Modules.

These modules are described in more detail below.

This class is required to establish a connection to the in-system port
on the Serial I/O Module. It is used to get the port handle of the in-
system port, which is required when calling any CAgtPCIEExerciser
functions.

This class contains the necessary exerciser API functions for
requesting actions from the Serial I/O Modules.
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Example of Using the In-System Port

The following example shows you how to look for an Exerciser from
the PCI Express bus. It requires that the corresponding Serial I/O
Module has an Exerciser personality and that the link is up.

Il Source code fromthe intro sanple
#i ncl ude " Agt PCI EExer ci ser. h"
#i ncl ude "Agt Port Sel ector. h"

#i ncl ude <iostrean»
usi ng namespace std;

void main(int arge, char* argv[])

{
CAgt Port Sel ect or *myPort Sel ect or=NULL; // Connection handling
CAgt PCl EExer ci ser *nyExerci ser=NULL;  // Exerciser programmi ng

cout << "Starting main" << std::endl;

try
[l Al error handling is done via exceptions of CAgtException
{

Il Create (the one and only) PortSel ector instance.

Il This class provides functionality for

/1 handling the connection to the PCIE driver.

nyPort Sel ector = new CAgt Port Sel ector;

Il Create (the one and only) Exerciser instance.
Il This class contains contains all

Il functions for programmng the exerciser.
nyExerci ser = new CAgt PCl EExer ci ser;

U nt16 devicel d=AGT_I NVALI D DEVI D;
Il bus- (bits 15:8) slot- (7:4) and function (3:0) nunber

Il Cet deviceld for first (parameter index=0) card found.
Il This looks for E2960 probeboards found on the PCIE bus.
Il To enunerate all cards in the system
you can call this function repeatedly with index=0,1,2,3,...
[l until the returned deviceld = AGT_I NVALI D DEVID.
nyPort Sel ect or - >Devi cel dCGet (0, &devi cel d) ;
i f (devicel d==AGT_| NVALI D DEVI D)
{

cerr<<"No bhoard found, exiting."<<endl;

del et e nyExerci ser;

del ete nyPort Sel ect or;

return;

}

hex(cout);
cout << "Found board at index 0, devid 0x" << deviceld << endl;
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/1 Handle to device
Agt Por t Handl eT nyHandl e=AGT_| NVALI D_PCRTHANDLE;

Il Cpen connection to found board
myPort Sel ect or - >Connect Por t ( devi cel d, &ryHand! e) ;
cout << "Connection established." << endl;

Il Do sonething with nyHandl e here

U nt 32 val =0;

myExer ci ser - >Conf RegRead( nyHandl e, 0, &val ) ;

cout << "Read " <<val<< " from configspace"<< endl;

/1 O ose connection to card
myPort Sel ect or - >Di sconnect Port ( nyHandl e) ;
cout << "Connection closed.” << endl;

del ete nyExerci ser;
del ete nyPort Sel ector;

}
catch (CAgtException &e)

{
/1 APl error

cerr << e << endl;

}
catch (...)

/] catch all other errors here

}
}
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Appendix

This chapter contains the tcl scripts that correspond with the actions

carried out in the user interface. The following scripts are available:

e “Starting an Exerciser Session” on page 77

* “Establishing a Link” on page 79

e “Sending a Single Packet” on page 80

e “Starting an Analyzer Session” on page 82

* “Downloading a Trigger Setup File to the Analyzer” on page 83

o “Writing Data to the Protocol Exerciser’s Data Memory” on
page 84

o “Setting Up and Running Block Transfers” on page 85

* “Modifying Link Settings on the Exerciser” on page 89

Starting an Exerciser Session

The following TCL script shows you how to start an Exerciser session

for upstream testing (for example, to a PCI Express system).

It requires as input parameter the module and port number of the
Serial I/O Module to be used for the test and returns the port handle
the Serial I/O Module (which can then be used by other scripts).

# The hostnane is the IP address or network name
# of the controller PC
set ::hostNane [info PCI X Controller]

# Load the AgtQient library
# This makes al | Agt??? procedures available to TCL
package require Agtdient

# Define the server hostnane.
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Starting an Exerciser Session

Agt Set Ser ver Host nane $: : host Nane

proc openExerciser { {port "101/1" } } {

# Establish a connection to an exerciser, acting as end node.
# The probe board will be set up so that the signals are

# routed fromthe exerciser connector

# to the SYS (botton) connector.

# Paraneter:

# port: modul e/ port nunber of the nodul e you want to connect to
#

#

#

#

#

Return value: the port handle

Exanpl e; openExerci ser ToUpst ream "103/ 1"

F+

Create an online exerciser to upstream session

# (exerciser is the upstream device)

set session [ Agt QpenSessi on PCl EExer ci ser ToUpst ream \
AGT_SESSI ON_ONLI NE]

# O if a downstreamsession is required
set session [Agt QpenSessi on PCl EExer ci ser ToDownst ream \
# AGT_SESSI ON_ONLI NE]

F*

# set the label of the test session to Analyzer
Agt I nvoke Agt Sessi onManager Set Sessi onLabel \
$session "UpStreant

# For an downstream session
# Agtlnvoke AgtSessionManager Set SessionLabel \
# $sessi on "DownSt r eant

# Attach the nodule/port to the active session
# (which is the one we created before)
set portHandl e [ Agtlnvoke AgtPortSel ector AddPorts S$port]

return $portHandl e
}

puts
puts "usage:"

puts " openExerciserToUpstream \[<port>\]
puts - Exerciser upstream session on <port>,"
puts " (default: 101/1)"

puts ""
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Establishing a Link

The following TCL script shows you how to use the Serial I/O Module
to establish a PCI Express link to the system or add-in card under test.

It requires as input the Serial I/O Module’s port handle (which you can
get in the example “Starting an Exerciser Session” on page 77) and
the desired link widths as bit map. It returns the link state.

# Change the value from0 to 1 if you want to use
# the exerciser in |oopback node.
set ::loopbackMde 0

# Load the AgtCient library.
# This makes al | Agt??? procedures available to TCL.
package require Agtdient

proc linkUp { {portHandl e 1} {linkWdth Oxf} } {

# Paraneters:

# port Handl e: The port handl e you get when you opened
the exerciser session.
Typically, thisis 'l

['i nkW dt h: The desired link width. This parameter
isabit mp. A'1 per bit enables the
appropriate width. Bit0: X,
Bitl: X2, Bit2: X4, Bit3: X8.

Return val ue: The actual link state

FHoH H K K W H H R

# Exanple: linkUp 1 Oxf

# Program FC Update resend period. This deternmines the tine
# between FC update packets.
# The unit is 16 synbol times, which results
#to (0x80 * 16 * 4 ns) 8.192 m croseconds.
Agt I nvoke Agt PCl EExerciser D | PhySet $portHandle \
PC E_DLLPHY_FC_UPDATE PER 0D 0x80

# Programthe link width with the <linkWdth> paraneter
Agt I nvoke Agt PCl EExerciser D | PhySet $portHandle \
PCI E_DLLPHY_LI NKMODE_CAPABLE $I i nkW dt h

# If we are in | oopback mode, we need to advertise
# link and | ane nunber during link training.
# Whi ch neans, the exerciser needs to act as upstream device.
if { $::1oopbackMde == 11} {
Agt I nvoke Agt PCl EExerci ser DI | PhySet $portHandl e \
PCl E_DLLPHY_UPSTREAM PORT_ENABLE 0

}
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Sending a Single Packet

# Now, train the link
Agt I nvoke Agt PCl EExerci ser LinkUp $portHandl e

# wait 100 ns so that the link can establish
after 100

# And read out the link state 0: inactive, 1. init, 2: active
Agt I nvoke Agt PCl EExer ci ser Datali nkSt at eRead $port Handl e

}

puts ""

puts "usage:"

puts " linkUp \[<portHandl e>\] \[<linkWdth>\]

\[ <di sabl eScranbl er>\]"

puts ""

puts " - train the PO Express link with the paraneters: "
puts ""

puts " <por t Handl e> (default 1)"
puts " <l'i nkW dt h> (defaul't Oxf)"
puts " <di sabl eScranbl er > (default 0)"
puts ""

Sending a Single Packet

The following TCL script shows how to send a single packet to the
system or add-in card.

It requires as input the Serial I/O Module’s port handle and returns
whether a completion was returned.

# Load the AgtClient library.
# This makes al | Agt??? procedures available to TCL.
package require AgtCient

proc sendTlp { {portHandle 1} } {
# Paraneters:
# port Handl e: The port handle you get when

# you opened the exerciser session.
# Typically, thisis "1

#

# Return val ue; The conpl etion status.

#

# Exanpl e: sendTlp 1

#
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# Set the immedi ate header defaults.
Agt I nvoke Agt PCl EExerciser SiDefaul t Set $portHandl e

# Programthe i mediate header fields that are
# different fromthe default.

# Menory read operation.

# The FMI and TYPE header fields define the operation.

# FMI and TYPE 0 -> nenory read 32.
Agt I nvoke Agt PCl EExerciser SiReqSet $portHandle POE SI_FMM 0
Agt I nvoke Agt PCl EExerciser SiReqSet $portHandle POE SI_TYPE 0

# The packet shoul d have 4 dwords payl oad.
Agt I nvoke Agt PCl EExerci ser SiRegqSet $portHandle PO E SI_LEN 4

# W want to use traffic class 0
Agt I nvoke Agt PCl EExer ci ser Si ReqSet $portHandle PCIE_SI_TC 0x0

# And we want to use tag # 5.

# Need to set AUTOTAGto 0 in addition to enable progranmabl e TAG
Agt I nvoke Agt PCl EExerciser SiReqSet $portHandle PCE_SI_TAG 5
Agt I nvoke Agt PCl EExer ci ser SiReqSet $portHandl e PCIE_SI_AUTOTAG 0

# W want to do a nenory read from physical address 0x200000.
Agt I nvoke Agt PCl EExerciser SiReqSet \
$portHandl e PO E_SI _MEMB2_ADDR 0x200000

# Now, send the i mediate packet
Agt I nvoke Agt PCl EExer ci ser Si Send $port Handl e

set retval "No Conpletion”
# Check if we received a conpletion.
if { [Agtlnvoke AgtPC EExerciser SiStatusGet $portHandle \
PC E_SI STATUS_COVP_AVAI LABLE] == 1} {
# Read out the conpletion status and print it.
set c¢s [Agtlnvoke AgtPCl EExerciser SiConpGet $portHandle \
PCI E_SI _COVP_STATUS]

set retval "Conpletion Status: $cs"

}

return $retval

}

puts
puts "usage:"

puts " sendTlp \[<portHandl e>\]"
puts ""

puts

- send a TLP with the exerciser at port " &\
"<port Handl e> (default 1) "

puts " The TLP is a Menory Read32 of " &\

"4 DWORDS from 0x200000"

puts
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Starting an Analyzer Session

The following TCL script shows you how to start an Analyzer session.

It requires as input parameter the module and port number of the
Serial I/O Module to be used for the test and returns the port handle of
the Serial I/O Module (which can then be used by other scripts).

# The hostname is the | P address or network nane
# of the controller PC
set ::hostNane [info PCIX Controller]

# Load the AgtClient library.
# This makes al | Agt??? procedures available to TCL
package require Agtdient

# Define the server hostnane
Agt Set Ser ver Host nane $: : host Nane

# Establish a connection to an protocol anal yzer.
# Paraneter
port: modul e/ port nunber of the nodule to be connected

Return value: the port handle
Ex

#
#
#
#
# Exanpl e: openAnal yzer "103/1"
#

proc openAnal yzer { {port "101/1" } } {

# Create an online anal yzer session
set session [ Agt QpenSessi on PCl EAnal yzer AGT_SESSI ON_ONLI NE]

# set the label of the test session to Analyzer
Agt I nvoke Agt Sessi onManager Set Sessi onLabel $session "Anal yzer"

# Attach the nodul e/port to the active session
# (the one just created)
set portHandl e [Agtlnvoke AgtPortSel ector AddPorts $port]

return $portHandl e
}

put s
puts "usage:"

puts " openAnal yzer \[<port>\]
puts - Anal yzer session on <port>. (default: 101/1)"
puts
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Downloading a Trigger Setup File
to the Analyzer

The following TCL script shows how to download a trigger setup to the
Analyzer.

It requires as input the Serial I/O Module’s port handle (which you can
get in the example “Starting an Exerciser Session” on page 77) and
the name of the trigger setup file.

# The hostname is the | P address or network nane
# of the controller PC
set ::hostName [info PC X Controller]

# Load the AgtQient library
package require Agtdient

# Define the server hostname.
Agt Set Ser ver Host name $: : host Nane

# Load a previously saved trigger file
proc setupTrigger { {portHandle 1} \
{fileName “test trigger on_tlp.trg"} } {
downl oad the trigger condition defined in
<fileName> to the protocol analyzer
Paraneters:
port Handl e: The port handl e you get when
you opened the anal yzer session.
fileName: The file name that contains
the trigger condition.

Return val ue: none

#
#
#
#
#
#
#
#
#
#
# Exanpl e: setupTrigger 1 default.trg

#

# open the trigger condition file <fileName>

set fp [open $fileNang]

# read the conplete file int <triggerCond>
set triggerCond [read $fp]

# check if the current session is an anal yzer session
set cid [AgtCetActiveConnection]
set sessionType [ Agt Get SessionType $ci d]
if {$sessionType == “PCl EAnal yzer"} {
# yes, this is an anal yzer session -- download the trigger
Agt I nvoke AgtPClEAnal yzer TrigSeqSet $portHandl e $trigger Cond
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}

}

puts {1

puts “usage:”

puts “ setupTrigger \[portHandle\] \[fileNanme\]"

puts “ - downl oad the trigger condition “ &\
“defined in <fil eName>

puts “ to the protocol analyzer”

puts {1

Writing Data to the Protocol
Exerciser’s Data Memory

You cannot write data to the Exerciser’s data memory using TCL. You
can use TCL to load files to the data memory.

The following TCL script shows how to load files to the Exerciser’s
data memory.

It requires as input the Serial I/O Module’s port handle, the starting
location in the Exerciser’s data memory for the file, and the name of
the file.

# Change the hostnane here if you use a renote server (host)
set ::hostNane [info PCIX Controller]

# Load the AgtClient library
package require AgtCient

# Define the server hostnane.
Agt Set Ser ver Host nane $: : host Nane

proc dat aMermoryAccess { {portHandle 1} {offset 0} \

{fileNane "default.txt"} } {
# downl oad the data in <fileName> to the exerciser data nenory
# Paraneters:

# port Handl e: The port handl e you get when

# you opened the exerciser session.

# of fset: The offset fromO to place the data.
# fileNane: The file name that contains the data.
#

# Return val ue: none

#
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# Exanpl e: dataMenoryAccess 1 0 default.txt

# open the data file <fileName>
set fp [open $fileNang]

# read the conplete file into <data>
binary scan [read $fp] c* data

# check if the current session is an exerciser session

set cid [AgtCetActiveConnection]

set sessionType [ Agt Get SessionType $ci d]

if {($sessionType == "PCl EExerci serToUpstreant) || \
($sessi onType == "PCl EExer ci ser ToDownstreant')} {
# yes, this is an exerciser session -- download the data
Agt I nvoke Agt PCl EExerciser DataMemWite $portHandl e \

$of fset $data

}
close $fp
}
puts ""
puts "usage:"
puts " dataMemoryAccess \[portHandle\] \[offset\] \[fileNane\]"
puts " - downl oad the data defined in <fileName> " &\
"to the exerciser"
puts " at of fset <offset>"
puts ""

Setting Up and Running Block
Transfers

The following TCL script provides some examples for running block
transfers.

It requires as input the command (configReadO, configRead1,
configWriteO, configWritel), the config bus and device number,
function number and register number to access, and the Serial I/O
Module’s port handle. The read functions return the data read.

# Load the AgtCient library.

# This makes al | Agt??? procedures available to TCL.
package require AgtQient
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proc wait For Conpl etion { {portHandle 1} {tinmeout 500} } {
# wait until the exerciser reports that there's a conpletion
avail abl e

# Paraneters: port Handl e: the port handle to use

# ti meout : wait <tineout> ns maximm
# Throw an error if

# this tine is exceeded

# Return val ue: none

for {set i 0} {$i < $timeout} {incr i} {
# wait one ns
after 1
if {[Agtlinvoke AgtPCl EExerciser SiStatusGet \
$portHandl e PCI E_SI STATUS COVP_AVAI LABLE] == 1} {

br eak
}
}
if {$i >= $tineout} {error "no conpletion"}
}

puts ""

puts "usage:"

puts " configRead0 | configReadl | configWite0 | " &\
“configWitel \[<bus>\] \[<dev>\] \[<func>\] \[<reg>\] " &\
"\[<portHandl e>\]"

puts ""

puts " - create a configuration access read or wite, " &\
“type 0 or 1, with the followi ng paraneters:"”

puts ""

puts " <bus> config bus nunber (default 0)"

puts " <dev> config device nunber (default 0)"

puts " <func> function nunber to access (default 0)"

puts " <reg> register nunber to access (default 0)"

puts " <portHandl e> port handle to use (default 1)"

proc configAccess { {rw 0} {type 0} {bus 0} {dev 0} {func 0} \
{reg 0} {dat 0} {retry 3} {portHandle 1} } {

# This is the main procedure. It will create a configuration

# access and send it. After that it will wait for the conpletion

# and retry the config access if the conpletion status was 'CRS' .

# |f the config access was a read,

# this procedure will return the data.

# Paraneters:

# rw 0 creates a read, 1 creates a wite

# type: 0 creates a type0O, 1 creates a typel config access
# bus: the config bus nunber

# dev: the config device nunber

# func:  the function nunber to access

# reg. the register nunber to access

# dat: this contains the data to be witten
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no conpl etion was received within 500 ns

# retry: number of times this access will be repeated

# if "CRS conpletion is signaled

# port Handl e: the port handle to use

# Return val ue: none if it was a wite,

# data if it was a read

# FErrors: This will throwa "no conpletion" error if
#

#

# set up the Send | mmediate TLP

Agt I nvoke Agt PCl EExerci ser SiDefaul t Set $portHandl e

Agt I nvoke Agt PCl EExerci ser SiReqSet $portHandl e \
PO E S| _TYPE [expr 4 + $type]

Agt I nvoke Agt PCl EExerciser SiReqSet $portHandle \
PO E SI_FM [expr $rw* 2]

Agt I nvoke Agt PCl EExerciser SiReqSet $portHandle \
PC E_SI _AUTCOTAG 1

Agt I nvoke Agt PCl EExerciser SiReqSet $portHandle \
PC E_SI _CFG_FUNCNUM $f unc

Agt I nvoke Agt PCl EExerciser SiReqSet $portHandle \
PC E_SI _CFG_DEVNUM $dev

Agt I nvoke Agt PCl EExerciser SiReqSet $portHandle \
PC E_SI _CFG_BUSNUM $bus

Agt I nvoke Agt PCl EExerciser SiReqSet $portHandle \
PC E_SI_CFG REGNUM $reg

if {$rw==1} {
#thisis awite - set si req menmory
Agt I nvoke Agt PCl EExerci ser Si ReqMenDWBet $portHandle 0 $dat

}

# now, send the config request
Agt I nvoke Agt PCl EExer ci ser Si Send $port Handl e

# wait max. 500 ns for a conpletion
wai t For Conpl etion $portHandl e 500

# get the conpletion status

set cs [Agtlnvoke AgtPCl EExerciser SiCompGet 1\
PC E_SI _COVP_STATUS]

# successful conpletion

if { $cs =01} {
# successful conpletion -- get the data if it was a read
if {$rw==0} {

set dat [Agtlnvoke AgtPCl EExerciser Si ConpMenDWGet \
$port Handl e 0]
}

} elseif {$cs == 2} {
# config retry status - repeat the request if retry is <1
if {$retry >0} {
set retry [expr $retry - 1]
configAccess $rw $type $bus $dev $func $reg \
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$dat $retry $portHandl e

}
}
}

proc configRead0 { {bus 0} {dev 0} {func 0} {reg O} \
{portHandle 1} } {

# Create and send a config type0O read access.

# Repeat the request up to three tinmes if

# a 'CRS response is received.

# Paraneters:

# bus: the config bus nunber

# dev: the config device nunber

# func:  the function nunber to access

# reg. the register nunber to access

# Return val ue: the read data

# FErors: This will throwa "no conpletion" error

# if no conpletion was received within 500 ns
#

configAccess 0 0 $bus $dev $func $reg 0 3 $portHandl e
}

proc configReadl { {bus 0} {dev 0} {func 0} {reg 0} \
{portHandle 1} } {

# Create and send a config typel read access. Repeat the

# request up to three times if a'CRS response is received.

# Paraneters:

# bus: the config bus nunber

# dev: the config device nunber

# func:  the function nunber to access

# reg. the register nunber to access

# Return val ue: the read data

# FErors: This will throwa "no conpletion" error
# if no conpletion was received within 500
ns.

#

configAccess 0 1 $bus $dev $func $reg 0 3 $portHandl e

—

proc configWiteO { {bus 0} {dev 0} {func 0} {reg 0} \
{dat 0} {portHandle 1} } {

# Create and send a config type0 wite access.

# Repeat the request up to three times

#if a'CRS response is received.

# Paraneters:

# bus: the config bus nunber

# dev: the config device nunber

# func:  the function nunber to access

# reg. the register nunber to access

# dat: this contains the data to he witten

# Return val ue: none

# FErors: This will throwa "no conpletion" error if
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# no conpletion was received within 500 ns.
#
configAccess 1 0 $bus $dev $func $reg $dat 3 $portHandl e

}

proc configWitel { {bus 0} {dev 0} {func 0} {reg 0} \
{dat 0} {portHandle 1} } {

# Create and send a config typel wite access.

# Repeat the request up to three times

#if a'CRS response is received.

# Paraneters:

# bus: the config bus nunber

# dev: the config device nunber

# func:  the function nunber to access

# reg. the register nunber to access

# dat: this contains the data to be witten

# Return val ue: none

# FErrors: This will throwa "no conpletion" error if
# no conpletion was received within 500 ns.
#

configAccess 1 1 $hus $dev $func $reg $dat 3 $portHandl e
}

Modifying Link Settings on the
Exerciser

The following TCL script shows you how to configure an Exerciser’s
link parameters.

It requires as input the Serial I/O Module’s port handle, the desired
link widths as bit map, and whether or not scrambling should be
disabled. It returns the link state.

# Change the value from0 to 1 if you want to use
# the exerciser in |oopback node.
set ::loopbackMde 0

# Load the AgtCient library.
# This makes al | Agt??? procedures available to TCL.
package require Agtdient

proc linkUp { {portHandle 1} {linkWdth Oxf} {disabl eScranbler 0} }
{

# Paraneters:
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# port Handl e: The port handle you get when you opened
# the exerciser session.

# Typically, thisis "1

# ['inkWdt h: The desired link width. This parameter
# isabit mp. A'1l per bit enables the
# appropriate width. Bit0: X1,

# Bitl: X2, Bit2: X4, Bit3: X8.

# di sabl eScranbl er: 0: enabl e scranbling,

# 1. disable scranmbling

#

#

#

#

Return val ue: The actual link state
Exanple: linkUp 1 Oxf 0

# Programthe scranbler with the <di sabl eScranbl er> paraneter
Agt I nvoke Agt PCl EExerciser DI | PhySet $portHandle \
PC E _DLLPHY DI SABLE SCRAMBLE $di sabl eScranbl er

Program FC Update resend period. This determines the time
bet ween FC update packets.
The unit is 16 synbol tines, which results
to (0x80 * 16 * 4 ns) 8.192 nmicroseconds.
Agt I nvoke Agt PCl EExerciser DI | PhySet $portHandle \
PCI E_DLLPHY_FC_UPDATE_PERI OD 0x80

H oH R R

# Programthe link width with the <linkWdth> paraneter
Agt I nvoke Agt PCl EExerciser Di | PhySet $portHandle \
PCl E_DLLPHY_LI NKMCDE_CAPABLE $Ii nkW dt h

# If we are in |oopback mode, we need to advertise
[ink and | ane nunber during link training.
# Wi ch neans, the exerciser needs to act as upstream devi ce.
if { $::loopbackMde ==11} {
Agt I nvoke Agt PCl EExerciser DIl PhySet $portHandle \
PCl E_DLLPHY_UPSTREAM PORT_ENABLE 0
}

# Now, train the link
Agt I nvoke Agt PCl EExer ci ser Li nkUp $port Handl e

FH+

# wait 100 ns so that the link can establish
after 100

# And read out the link state 0: inactive, 1: init, 2. active
Agt I nvoke Agt PCl EExer ci ser DataLi nkSt at eRead $port Handl e

}

puts ""

puts "usage:"

puts " linkUp \[<portHandl e>\] \[<linkWdth>\]
\[ <di sabl eScranbl er>\]"

puts ""
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