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Lab FAQ

Where can I get the files for the labs?
e www.xilinx.com/training/downloads.htm
e These are original files and do not contain any work that you may have performed.

e Labs were developed using version 2016.3 of the tools. Later versions may work and will
likely require you to update various pieces of IP. See the "Updating IP" topic in the Lab
Reference Guide for instructions on how to update IP (Vivado Design Suite Operations >
Vivado IP Integrator Operations > Updating IP).

What if I cannot answer a question in the lab?

e Do your best! The questions are meant to stimulate thought, not to test your knowledge.
After you have pondered a question you can find the answer at the end of each lab.

Where can I get more detailed information on a topic?

e The Lab Reference Guide is a collection of "how to" topics for commonly performed tasks
categorized by tool (Vivado Design Suite, Vivado Analyzer, SDK, etc.) and subdivided into
major areas within the tool.

e The Lab Reference Guide is available from the lab files download as well as from
www.xilinx.com/training/downloads.htm.

How do the instructions work?
e Theinstructions are provided in layers:
= Steps — these are the major/broadest aspects of solving the problem that the lab
poses (X).
» Instructions — these represent the significant instructions towards solving the issue
outlined by the step (X-X).

» Tasks — these are the finest granularity items that (when combined with the other
tasks) solve the instruction they are subordinate to. Every task is a "clickable" event

Launching the Vivado Design Suite Step 1
The Step covers the process of There are a number of ways to launch the Vivado Design Suite. The two most
achieving a major milestone popular mechanisms are shown here. - - =
toward completing the lab The Step explanation describes what will be
accomplished in this Step

1-1. Launch the Vivado Design Suite.
This can be done in two standard ways, use your preferred method.
1-1-1. Select Start > All Programs > Xilinx Design Tools > Vivado 2014.3 > Vivado 2014.3.
Each Instruction
describes a major @ """"""" =
component of the Step W—"——

.
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.
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Figure 4-2: Launching the Vivado Design Suite from the Start Menu
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Lab Workbook Lab 1: Exploring the Architecture of the Zyng-7000 All Programmable SoC

Lab 1: Exploring the Architecture of the
Zynqg-7000 All Programmable SoC

2016.3

Abstract

This introduction to the basic process of instantiating and customizing the processor system (PS)
of the Zyng®-7000 All Programmable SoC family of parts illustrates the process of customizing
the PS. While not every aspect of customization is covered, the processes provided here can be
extended to all aspects of customization.

Objectives

After completing this lab, you will be able to:
o Instantiate a processor system

o Customize a processor system

e Run the Block Automation tool for a processor system

Introduction

This lab introduces you to the basic process of managing the processing system block in the
Zyng-7000 All Programmable SoC family of devices. Included in management is the instantiation
of the PS, re-customization, and finally running the Block Automation tool.

The PS is a complex subsystem and an exhaustive investigation of every aspect of this
subsystem is beyond the scope of this lab. Only some of the more popular customization are
illustrated here with the hope that you will gain familiarity with how these options are organized
and that you can quickly find whatever aspect of customization you desire to modify.

General Flow

Step 2:
Step 1: P

i . Adding

Getting =>

and

Started ..

Customizing
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Getting Started Step 1

As this is a hardware lab focusing on how the Cortex-A9 processor of the
Zyng-7000 AP SoC can be configured, all your work will be done with the Vivado
Design Suite IP integrator (IPI).

You will begin by launching the Vivado Design Suite, then loading a helper Tcl
script to properly configure the project and quickly get you to the IPI tool. If you
need to refresh your memory regarding the details of project creation or the
mechanics of using the IPI tool, refer to the "Driving the IPI Tool" topic cluster.

There are a number of ways to launch the Vivado Design Suite. The two most
popular mechanisms are shown here.

1-1. Launch the Vivado Design Suite.
This can be done in two standard ways, use your preferred method.

1-1-1. Select Start > All Programs > Xilinx Design Tools > Vivado 2016.3 > Vivado 2016.3.

@.lllllll.....I
>
*
-

Kilinx Design Tools e

i: Uninstall Xilinx Information Cgnter
i: Kilinx Information Center &
DocMav s
SDK 201 o
Vivado 201 . &
¥ Add Design Tools ogBevices 201
i‘:r_h_r-! Manage Xilinx Licatses
£ Uninstall 2015 o”
Bl Vivado 201 Fd Shell
4. Vivado 201
Systern Generator
Vivado HLS

Figure 1-1: Launching the Vivado Design Suite from the Start Menu
--OR --

44
Double-click the Vivado Design Suite shortcut icon (Lg <) on the desktop.

4 www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
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The Vivado Design Suite opens to the Welcome window. From the Welcome window you
can create a new project, open an existing project, or enter Tcl commands directly into
the Vivado Design Suite as well as access documentation and examples.

4 Vivado 201+ =N Eah =

File Flow Tools Window Help Search commands

VIVADO! £ XILINX

HLx Editions ALL PROGRAMMABLE.

D

Create New Project Open Project Open Example Project

Create a New Project,
Open an Existing
(including Recent)

Projects or an
Example Project

Recent Projects

Manage IP, Open

Hardware Manager Ta
and Xilinx Tel Storect \ 3

= ﬂ@
/ -
Manage IP Open Hardware Manager xilimx Tdl Store
Deocumentation, Information Center
Quick Take Videos . §
/ % @w
Documentation and Tutorials Quick Take Videos Release Notes Guide

Tel Conscle

e

d Console
{atarc_gut

2 _O0@ x

& H

<

&

Type a Tel command here

Figure 1-2: Vivado Design Suite Welcome Screen
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With the Vivado Design Suite now open, you will load a helper Tcl script and run
it to configure the project and get you to the important part of this lab—working
with the processor.

The Vivado Design Suite offers both GUI and scripted control. Scripted control
takes the form of Tcl commands. These Tcl commands can be entered directly
into the tool one at a time, or an entire Tcl script can be loaded and executed.

1-2. Run a Tdl script.
1-2-1. Locate the Tcl command line entry.

The command line entry can be found either on the Welcome page prior to a project
being opened, or once a project has been opened.

From the Welcome screen:

JL Vivado #04 = | B o)

File Flow Tooks Window Help Search commands

VIVADO! oo e £ XILINX

=5 &b
e )
Manage 1P Open Hardware Manager | o
| Enter Tcl Commands Here
Tel Consale -0 x

— 1 — r

Type a Tcl command here )

Figure 1-3: Accessing the Tcl Console from the Getting Started Page

From an opened project:

G T i el oot e e T, i, g o 201358 o i ]

File Edit Flow Tools Window Layout View Help E

Ao BREBX PP WS XK Z G Soefutiayut ML J write_bitstream Complete

[ |

Enter Tcl Commands Here
| IT— b
q

4 Tcl Console | Messages | [ Log | =) Reports | [ Design Runs

AP ittt o emi ) wwr-zw.oL‘.‘.ﬁj‘_F‘J—-—H Bl

d

o

8
|
o
[
*

4 Program and Debug

X iy @& S ik H

Figure 1-4: Entering Commands into the Tcl Console from an Open Project

The default directory for the Tcl environment is nested within the Xilinx installation
directory. This placement, however, is often disadvantageous. In most cases, you will
want to navigate to a more useful path. To do this, use the cd command to change
directory to the user directory.

6 www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
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1-2-2. Change the current working directory to where the Tcl script is located by entering:

cd C:\training\ArchZynq7000_Overview\support

Remember that the Tcl environment is based on Linux and requires the '/' character to
delimit hierarchical paths.

1-2-3. Verify that you are now where you want to be by entering the following into the Tcl
command line:

pwd

The current working directory is displayed. If you are not where you want to be, use the
cd command to change to C:\training\ArchZyng7000 Overview\support.

1-2-4. Enter the following Tcl command:

source exploreZynq7000_completer.tcl

The Tcl script is run as though you typed each command included in the Tcl script into
the Tcl command line. You can follow the execution of the script and monitor for any
errors or warnings in the Tcl Console.

With the Tcl script now loaded, you will run the createProject and
createBlockDesign procs to build the Vivado Design Suite project and create an
appropriately named block design in which you will perform the remainder of this
lab.

1-3. Run the createProject and createBlockDesign procs.
1-3-1. Enter the following into the Tcl command line to create the Vivado Design Suite project:
createProject

1-3-2. Enter the following into the Tcl command line to create the block design in which you
will build your processor system:

createBlockDesign "Zyng7KembdDsgn"

£ XILINX » ALL PROGRAMMABLE. www xilinx.com 7
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Adding and Customizing the Zynq-7000 AP SoC Processor Step 2

With the block diagram canvas open, you will now add and customize a
Zynqg-7000 AP SoC processor.

2-1. Add a ZYNQ?7 Processing System to the IP Integrator canvas.

If you do not recall how to perform this task, refer to the "Adding a Processor to
the Block Design" section under IP Integrator Operations in the Lab Reference
Guide.

Remember that adding a processor IP is just like adding any other type of IP to
the canvas. You can also review the "Driving the IPI Tool" topic cluster for a
guided example.

Question 1

What information does the wizard provide?

Question 2

How does configuring the PS of the Zyng-7000 AP SoC differ from configuring a MicroBlaze
processor?

8 www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
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The Zynqg All Programmable PS contains a large number of customizable features.
The following instructions will illustrate how to access various sections of the
Zynq All Programmable PS, not necessarily indicating which settings to configure.

2-2. Access the Re-customization dialog box.
2-2-1. Double-click the Zynq PS icon.
--0OR --
Right-click the Zynq PS icon and select Customize Block.

i= Diagram x| [®] Address Editor X
] i basicSystem » }
Qg ) o
processing system/ 0 ,
C);. rr [ J_5SY 1/ _ n
N _ 7
FIXED IO —
§ umenax ZyNQ> neotfi—
Right-click e
& Block Properties... Ctrl+
AL e J Highlight
=l 41TNQ7 R
== * Delete Del
= *e o | B Copy Ctrl+ ?
iF 'd.-.:é Ctrl+
= :‘\' Search... Ctrl+?
Select Al Ctrl+ A
ﬂ -
= ZYaddp... Ctrl+]
ﬁ EE Customize Block... )
Crientation

Ul s gl g e &

Figure 1-5: Opening the Re-customization Dialog Box for the Zynq All Programmable SoC PS

The Re-customization dialog box opens to reveal the Zynq block design.
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2-3.

2-3-1.

2-3-2.

Import board-specific settings.

If you are using an evaluation board, you may want to load the settings for
this board as it will contain many of the parameters specific to that board

(such as DDR memory timing parameters, enabled peripherals supported by
that board, etc.)

You can also create a .bd file for your custom board if you want and import
those settings.

Click Presets.

1F Re-customize IP
ZYNQ7 Processing System (| )
ﬁﬂ Documentatio i [PLocation @t Import XP5 Settings
Page Navigator “«| | Zyng Block Design
Seftings
Peripheral /O Fins

Zynq Block Design
Y L -~ ¥

Figure 1-6: Accessing the Presets Button

PS-PL Configuration

Select the template for ZedBoard.

All the Xilinx boards that support the device that was selected during the project creation
are shown under the System Template (Presets) drop-down list. Even if you selected the

part by board, you have the opportunity to select a different board that has the same
part on it.

1F Re-customize IP

ZYNQ7 Processing System ()

‘ﬁ Documentatior‘ @ Presets l ] IP Location @;} Import XPS Settings
- Current Preset: None

Page Navigator o <
Zyng Block Desiﬁ
a” Apply Configuration...

L. General
PS-PL Configufation Default b

. -
Peripheral 1/® Pins*e Microzed
V 5 . 2C702 *
.
- "Wliigee 7C706 - ™~

“"-r {  ZzedBoard )
Figure 1-7: Selecting a Preset Template (ZedBoard and ZC702 Shown as Examples)

Save Configuration...

The next instruction provides you with general guidance as to how to customize various
aspects of the PS. At the end of this instruction you will be provided with specific
guidance regarding how you are to customize the PS.

10
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2-4.

2-4-1.
Diagram.

Select the page or specific block to re-customize.

Click the topic in the Page Navigator or any green (active) box from the Zynq Block

Along the left are the navigational tabs that you will use to access different groups of

parameters.

< Re-customize IP
ZYNQ7 Processing System (%.2)

ffid Documentation [ TP Location £ Presets

Click the Page Navigator

Customization Page

Topic
-0OR--
Click Any Green Box E
to Take You to that Specific gL

Page Navigator

Zyng Block Design
/0 Peripherals

SPIO

PS-PL Configuration

SPI1

12C 0 v
12C 1

CAND v
CAN 1
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Figure 1-8: Navigating the Zynq PS Recustomization Dialog Box

o PS-PL Configuration: This page contains all the signals that cross the PS-PL boundary.
These signals are broken down further into:

» General: Contains default baud rates for the UARTs, FTM Trace buffer settings,
PS-PL cross triggering enables, enables for the clock triggers, and reset.

= DMA Controller: Contains enables for the four peripheral request interfaces.
» GP Master AXI Interface: Enables/disables access to the GP Master AXI Interfaces

to the PL.

=GP Slave AXI Interface: Enables/disables access to the GP Slave AXI Interfaces

from the PL.

= HP Slave AXI Interface: Enables/disables access to the GP Slave AXI Interfaces
from the PL and sets the port width.

= ACP Slave AXI Interface: Enables/disables access to the ACP Slave AXI Interface

from the PL.

& XILINX » ALL PROGRAMMABLE.
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o Peripheral I/O Pins
o MIO Configuration
o Clock Configuration
o DDR Configuration
o SMC Timing Calculation
o Interrupts
The following is how your system should be configured:
o Use the ZC702 or Zed preset
o Disable the following features:
= All peripherals except as listed below (accessible through either the Peripheral I/O
Pins or the MIO configuration or Block Diagram > I/O Peripherals)
» UART1
» QSPI
o Enable the following features:
= HP Slave AXI Interface > S_AXI_HPO interface
= QSPI (enabled by default through the preset)
= UARTL (enabled by default through the preset)
2-4-2. Configure the PS according to the list above.
2-4-3. Click OK to accept the configuration and return to the IPI canvas.

Remember that you can re-configure the processor at any time. However, use caution as
you may need to re-run Designer Assistance to handle any changes you make.

Many IP blocks are supported by the Designer Assistance feature for automating
the configuration of an IP block as well as block-specific connections. This is
referred to as Block Automation and allows designers to quickly configure new IP
blocks for common use cases.

2-5.

2-5-1.

Use Block Automation to automate the configuration of the recently
instantiated IP.

Click Run Block Automation from the Designer Assistance information bar.

Pl
5= Diagram X | B Address Editor X 3
H &
Oy (& Designer Assistance available{{Run Block Automation f

&)
K

Figure 1-9: Designer Assistance Offering Block Automation
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2-5-2.

2-5-3.

This opens a Run Block Automation dialog box listing all the IP currently in the design
eligible for block automation. IPs are listed in a hierarchy on the left and any options
associated with a particular automation will be shown in the right pane whenever an IP
instance is selected in the left pane.

Click the Expand All icon (=) to ensure that the list of available automations is fully
visible.

Select either the top-level All Automation check box or individual blocks as listed
below. Unless otherwise indicated within the block list, maintain default automation
options for all blocks.

o Blocks: processing_system7_0

4L Run Block Automation X

Automatically make connections in your design by checking the boxes of the blocks to connect. Select a block on the left
to display its configuration options on the right.

SQI=Rm~ Il Automation (0 out of 2 selected)

=

Select a block on the left panel to view its options

Figure 1-10: Run Block Automation Dialog Box

Note the various options that are selectable for the PS.

Question 3

Do any of these options look familiar?

2-5-4. Deselect the Apply Board Preset option to avoid overwriting the current PS settings.
The Cross Trigger In and Out selections are used in co-debugging to enable the
processor(s) to cause the debug logic (ILAs) in the PL to trigger and to have the trigger
signal generated by the debug logic (ILAs) cause the software to pause (a la breakpoint).

2-5-5. Click OK to run the selected automation.

© Copyright 2016 Xilinx
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Question 4
What does the Block Automation do?

At this point, the PS has connections to external memory (DDR), has its own internal
memory for booting, and has a collection of peripherals available for I/0O. As is, this could
operate with no further additions.

Question 5

What happens to the unconnected port to the processing system?

Summary

You just completed the basic tasks of instantiating the processing system of a Zyng-7000 AP
SoC, configuring it, and using the Block Automation tool to connect the DDR and fixed I/O to
the outside world.

14 www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
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Answers

1. What information does the wizard provide?

The opening page of the wizard provides two methods for locating the aspect of the
processing system that can be modified. The Page Navigator (on the left side of the wizard)
provides a textual list of the various configurable areas, whereas the Zynqg Block Design
graphic enables you to quickly locate a configurable aspect by clicking any of the green
blocks.

Along the top menu, you can retrieve documentation for this processor, load a preset
(pre-configurations for various boards including DDR settings, Flash configuration, etc.), and
other less frequently used options.

2. How does configuring the PS of the Zyng-7000 AP SoC differ from configuring a MicroBlaze
processor?

The MicroBlaze processor is a softcore processor and the various configurations will impact
overall performance, the number and type of resources used, and maximum clock frequency.

The Zynq AP SoC's processing system is dedicated silicon and, while peripherals, clocks, and
some connections can be configured, the maximum frequency, performance, and consumed
resources is fixed and cannot be changed.

3. Do any of these options look familiar?

The Apply Board Preset option is a duplicate of the process that you performed inside the
Re-customization window. If you leave the Apply Board Preset option selected at this stage,
it will re-configure the PS to the default board settings and you will have to re-customize the
PS again.

4. What does the Block Automation do?

The Block Automation makes the connections to the DDR and the fixed I/O. These are the
dedicated pins of the PS. Because they are dedicated, they do not require any constraints.

Remember that the fixed I/O is controlled via the MUI and can be dynamically reconfigured.

5. What happens to the unconnected port to the processing system?

The unused ports (even though they were defined) connect between the PS and PL. If there
is no logic in the PL, then these ports simply dangle and are not used.

One should be careful, though, not to drive AXI transactions out the master AXI
general-purpose port because, since there is no receiving AXI logic, the port will hang and
likely crash the system.

© Copyright 2016 Xilinx
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Lab 2: Exploring the Architecture of the

MicroBlaze Processor
2016.3

Abstract

Some of the configurable options in the MicroBlaze™ processor are introduced in this lab. The
student will learn how to instantiate and configure the MicroBlaze processor and use Designer
Assistance to complete a design.

Objectives

After completing this lab, you will be able to:
e Instantiate the MicroBlaze processor

e Customize the MicroBlaze processor

e Invoke the Design Automation tools to add support logic to the design

Introduction

Once you have completed the "Driving the IPI Tool" topic cluster (which illustrates how the
Vivado® IP integrator tool is used to create and manipulate IP blocks), you can begin to create a
MicroBlaze processor design.

Here you will instantiate a MicroBlaze processor and explore different customizations, both
predefined and user specific. Once the MicroBlaze processor is configured, you will run the Block
Automation tool to add in optional supporting logic, such as clocks and resets, interrupts,
memory, etc. Next you will use the Connection Automation tool to connect the remaining pieces
of IP. Finally, you will add a UART peripheral and connect it to the system.

The following figure shows the high-level view of the design that you will build.

clk_wiz_1 microblaze_0_local_memory

|[|4oLre
[[[E=ALS

Clocking Wizard

| microblaze_0_ax_intc microblaze_0 I
N e "—L SLERS ! microblaze_0_axi_periph
A1 Interrupt Controller {||=InTERRLPT ! [+ ]

mdm_1 ||| 4 pEBUS Min'O Blazem ::ﬁ DD:# _ J:gf'x E%Emmj . 4d_uartite 0
MBDEBUG 0 4F || M_AXI_IC #‘;Sﬂz:mg DMOL'AH# _"_D uart.rt
MicroBlaze Debug Module (MDM) MicroBlaze e A Usrtike
Figure 2-1: Block Diagram of the MicroBlaze Processor Design for this Lab
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General Flow

Step 1: St‘ep 2: St'ep'3:
. « | Adding and N Building
Getting —=> . —>
Started Customizing a
the Processor System
Getting Started Step 1

As this is a hardware lab focusing on how the MicroBlaze processor can be
configured, all your work will be done with the Vivado Design Suite IP integrator
(IPI).

You will begin by launching the Vivado Design Suite, then loading a helper Tcl
script to properly configure the project and quickly get you to the the IPI tool. If

you need to refresh your memory regarding the details of project creation or the
mechanics of using the IPI tool, refer to the "Driving the IPI Tool" topic cluster.

There are a number of ways to launch the Vivado Design Suite. The two most
popular mechanisms are shown here.

1-1. Launch the Vivado Design Suite.
This can be done in two standard ways, use your preferred method.
1-1-1. Select Start > All Programs > Xilinx Design Tools > Vivado 2016.3 > Vivado 2016.3.

@.lllllll.....I
>
*
-

Kilinx Design Tools e

i: Uninstall Xilinx Information Cgnter
"

i: Xilinx Information Center
DocMav
SDK 201
Vivado 201 . &
¥ Add Design Tools ogevices 201
‘Q_H_._M Manage Xilinx Licaises
£ Uninstall 201 .¢-'
BN Vivado 201 Shell
4 Vivado 201
Systemn Generator
Vivado HLS

[ ]

L]
L]
»
L

Figure 2-2: Launching the Vivado Design Suite from the Start Menu
--OR --

LY
Double-click the Vivado Design Suite shortcut icon (é‘-v-) on the desktop.
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The Vivado Design Suite opens to the Welcome window. From the Welcome window you
can create a new project, open an existing project, or enter Tcl commands directly into
the Vivado Design Suite as well as access documentation and examples.

4 Vivado 201+ =N Eah =

File Flow Tools Window Help Search commands

VIVADO! £ XILINX

HLx Editions ALL PROGRAMMABLE.

D

Create New Project Open Project Open Example Project

Create a New Project,
Open an Existing
(including Recent)

Projects or an
Example Project

Recent Projects

Manage IP, Open

Hardware Manager Ta
and Xilinx Tel Storect \ 3

= ﬂ@
/ -
Manage IP Open Hardware Manager xilimx Tdl Store
Deocumentation, Information Center
Quick Take Videos . §
/ % @w
Documentation and Tutorials Quick Take Videos Release Notes Guide

Tel Conscle

e

d Console
{atarc_gut

2 _O0@ x

& H

<

&

Type a Tel command here

Figure 2-3: Vivado Design Suite Welcome Screen
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With the Vivado Design Suite now open, you will load a helper Tcl script and run
it to configure the project and get you to the important part of this lab—working
with the MicroBlaze processor.

The Vivado Design Suite offers both GUI and scripted control. Scripted control
takes the form of Tcl commands. These Tcl commands can be entered directly
into the tool one at a time, or an entire Tcl script can be loaded and executed.

1-2. Run a Tdl script.
1-2-1. Locate the Tcl command line entry.

The command line entry can be found either on the Welcome page prior to a project
being opened, or once a project has been opened.

From the Welcome screen:

A Vivado #54 = |

Fle Flow Toos window Help Search commands

VIVADO! s e £ XILINX

o )
Manage IP Open Hardware Manager | -
| Enter Tcl Commands Here
Tl Consale — O x

| - b

Type 2 Tcl comaand here D)

Figure 2-4: Accessing the Tcl Console from the Getting Started Page

From an opened project:

G T i el Tt e e T o, e vado 201358 o]

File Edit Flow Tools Window Layout View Help E

A nvBEBX PP A S XK Z S Soefutiayout MASE J write_bitstream Complete
it PTG SV St RS e S e

d
o
8
|
o
[
*

> @ Open Implemented Design

4 Program and Debug
£ Bitstream Settings

X iy @& Sk H

Enter Tcl Commands Here
| IT— b

¢ D]

I3 Tcl Console | (> Messages | [4 Log | |2 Reports | (3, Design Runs

- -—-—-'"‘“—-_er W*r:w"““-’,\w‘jﬁ*’_’-“ [Gansall L !

Figure 2-5: Entering Commands into the Tcl Console from an Open Project

The default directory for the Tcl environment is nested within the Xilinx installation
directory. This placement, however, is often disadvantageous. In most cases, you will
want to navigate to a more useful path. To do this, use the cd command to change
directory to the user directory.

20 www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
© Copyright 2016 Xilinx



Lab Workbook Lab 2: Exploring the Architecture of the MicroBlaze Processor

1-2-2. Change the current working directory to where the Tcl script is located by entering:

cd C:\training\ArchMicroBlaze Overview\support

Remember that the Tcl environment is based on Linux and requires the '/' character to
delimit hierarchical paths.

1-2-3. Verify that you are now where you want to be by entering the following into the Tcl
command line:

pwd

The current working directory is displayed. If you are not where you want to be, use the
cd command to change to C:\training\ArchMicroBlaze Overview\support.

1-2-4. Enter the following Tcl command:

source exploreMB completer.tcl

The Tcl script is run as though you typed each command included in the Tcl script into
the Tcl command line. You can follow the execution of the script and monitor for any
errors or warnings in the Tcl Console.

With the Tcl script now loaded, you will run the createProject and
createBlockDesign procs to build the Vivado Design Suite project and create an
appropriately named block design in which you will perform the remainder of this
lab.

1-3. Run the createProject and createBlockDesign procs.
1-3-1. Enter the following into the Tcl command line to create the Vivado Design Suite project:
createProject

1-3-2. Enter the following into the Tcl command line to create the block design in which you
will build your MicroBlaze processor system:

createBlockDesign
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Adding and Customizing the MicroBlaze Processor Step 2

With the block diagram canvas open, you will now add and customize a
MicroBlaze processor.

2-1. Add a MicroBlaze to the IP Integrator canvas.

If you do not recall how to perform this task, refer to the "Adding a Processor to
the Block Design" section under IP Integrator Operations in the Lab Reference
Guide.

Remember that adding a processor IP is just like adding any other type of IP to
the canvas. You can also review the "Driving the IPI Tool" topic cluster for a
guided example.

Next you will experiment with several different configurations to see how the
MicroBlaze processor is realized in the FPGA/PL.

2-2. Open the MicroBlaze processor's Re-customization dialog box.
2-2-1. Double-click the MicroBlaze IP to open the Re-customization dialog box.
Alternatively, you can right-click the MicroBlaze IP and select Customize Block.

The MicroBlaze Configuration Wizard opens.

Question 1

What information does the Resources tab provide?
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Question 2

Fill out the Default configuration in the table below.

As you investigate different configurations, you will add information to this table so that you can

quickly see the tradeoffs between performance, area, and frequency.

Configuration Name

Frequency Area

Performance

Default

Minimum Area

Maximum Performance

Maximum Frequency

Linux with MMU

Low-End Linux with
MMU

Typical

Configurations Table

Consider the following scenario: You are building a system on a small FPGA or Zynq® All
Programmable SoC device. An accelerator (the most critical portion of this design)
occupies a large portion of the total fabric/PL.

It is decided that you must add a MicroBlaze processor to this design for housekeeping
tasks (such as user interface, communications, power monitoring, etc.) but not for

computations.

Question 3

Given the above scenario, what configuration from the Predefined Configurations section would

you choose and why?
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2-3. Select the Minimum Area configuration.

2-3-1. Select Minimum Area from the Select Configuration drop-down list from the Predefined
Configurations section.

1F Re-customize IP

MicroBlaze ()

ff Documentation [ P Location % Advanced

IP Symbo! Resources Component Name

Frequency
B Area

B Ferformance Micro Blaze‘

Resource Estimates
Usage Information

Welcome to Micro

@ Select a predefined configuration with Select Configuratig
can be found in the tooltip. £ach predefined configuratio

9001 ————————— # To modify the configuration, click on the Vext button, clit
access parameters in a tabbed interface, or dlick OK'to ag

Predefined Configurations

Select Configuration  Current Settings

General Settings

Percent (%)

@ Minimum Area
7] Select implemd @AM Performance
2004— Maximum Frequency
Enable Microglj-inux with MMU
300 — Low-end Linux with MMU

[ use InstructionTypical

[] Enable Exeeptions
100 —
e ol B s ol

Figure 2-6: Selecting the Minimum Area Configuration

ower instructio;

Question 4

Add the Frequency, Area, and Performance numbers to the Configurations table for the
Minimum Area configuration.

As it turns out, there is a MicroBlaze processor in the accelerator portion of the design
mentioned above. This particular MicroBlaze processor is responsible for preparing the data
for the accelerator and throughput is paramount.

Question 5

For this scenario, what configuration might you select and why?

2-4. Select the Maximum Performance configuration.

2-4-1. Select Maximum Performance from the Select Configuration drop-down list from the
Predefined Configurations section.

Question 6

Add the Frequency, Area, and Performance numbers to the Configurations table for the
Maximum Performance configuration.
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2-5. Select each of the remaining configurations and enter the values for the
Frequency, Area, and Performance columns into the Configurations table.

2-5-1. Repeat the previous instruction but this time selecting the next pre-defined
configuration from the Select Configuration drop-down list.

Question 7

Add the Frequency, Area, and Performance numbers to the Configurations table for each of the
remaining configurations.

Question 8

Did you notice any changes to the General Settings section when the different configurations
were selected?

Question 9

Where can you find an explanation for these options?

You should now have the Typical predefined configuration selected.

2-5-2. View the ports of the MicroBlaze processor to see what access points the MicroBlaze
processor has to connect to the rest of the system.
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2-6.

2-6-1.

2-6-2.

2-6-3.

Use the IP Symbol tab to view the graphical representation of the
MicroBlaze processor in its current configuration.

Select the IP Symbol tab.

£F Re-customize IP

MicroBlaze ()

i Documentation [ IP Location # Advanced

1P Symbeol |} Resources
oW arEabled ports

1

|1/ = TERRUPT pLve s ]| f
||| #=pEBUG 1me k||| #
Clk M_AXI DCek 2 |
Reset M_AXLICHE 2 |
a\P

. i} 3 ﬂ
’

Figureb 2-7: Viewing the Graphical Representation of the Current Configuration of the
MicroBlaze Processor

Click the '+' sign in the Interrupt interface to see the signals that comprise that interface.

||| =mTERRUPT

= sInterrupt_aAck[0:1]

= pInterrupt_address[0:31]
—  pInterrupt

||| 4=DEBUG

=—Clk

= Reset

Figure 2-8: Expanded Interrupt Interface
This will show you the individual ports that comprise the Interrupt interface. You can
explore other interfaces if you want.

Click the '-' sign next to the Interrupt interface to collapse the interface back to a single
connection.

Question 10
When might the IP symbol in the IP Symbol tab change?
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2-6-4. Click Next to advance to the next page of the re-customization.

2-6-5. Select the Resources tab to see how your choices affect the resources and performance
estimations.

1F Re-customize IP

MicroBlaze ()

[ Documentation [ TP Location % Advanced

Frequency
B Area
B Performance

Resource Estimates

100.0

90.0

80.0

70.0
60.0
50.0

Figure 2-9: Selecting the Resources Tab During Re-customization of the MicroBlaze Processor

Percent (%)

e L R YT Y L W e W W

For the sake of this example, you can assume that the code will have sections requiring
significant numeric processing of floating point numbers.

2-6-6. Select the EXTENDED mode for the FPU.

Question 11

How does one know when to use the different settings and options?

Question 12

How does selecting the FPU Extended mode change resource utilization and performance?
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2-6-7. Click Next to advance to the page which customizes exception handling.

Since this design pre-supposes a lot of floating point activity, it makes sense to enable
the FPU exceptions.

2-6-8. Select the Enable Floating Point Unit Exceptions option to enable these exceptions.

Component Name

Exception
Math Exceptions

@able Floating Point Unit Exceptions

Enable Integer Divide Exception

Bus Exceptions

b Y b Ny

Bi=hia Tnshwection-sis

Figure 2-10: Enambling the FPU Exceptions

Question 13

How does enabling these exceptions affect the resource estimates?

2-6-9. Click Next to advance to the Cache configuration page.

Here you can enable or disable the instruction and/or data caches and control other
parameters. This system will work acceptably without changing any of these parameters.

2-6-10. Click Next to advance to the Debug configuration page.

Because the MicroBlaze processor (and its associated support logic) is implemented in
fabric/programmable logic, changes to the debug support can have significant effect on
the resource estimates—particularly area.

2-6-11. Click Next to advance to the Buses page, the final page of the wizard.

Here you can enable the AXI and ACE interfaces, designate the number of streaming
licks, and enable the trace bus interface (for debugging).

The local memory bus (LMB) interfaces are already enabled as part of the Typical
configuration and are used to connect to block RAMs to provide the MicroBlaze
processor with low-latency, user-manageable memory.

Note that the caches connect to the MicroBlaze processor via the M_AXI_DC and
M_AXLIC ports.

2-6-12. Click OK to accept the configuration and return to the IPI canvas.

Remember that you can re-configure the MicroBlaze processor at any time. However, use
caution as you may need to re-run Designer Assistance to handle any changes you make.
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Building a System around the MicroBlaze Processor Step 3

With the MicroBlaze processor now configured, it must be connected to
supporting logic, including (but not limited to):

o Cache memory
o Clock

o Reset

o Interrupt controller
o Debug logic (MicroBlaze Debug Module - MDM)

o Local memory

You will now use Designer Assistance to run block automation.

3-1. Run block automation to build the supporting logic for the MicroBlaze
processor.
While many pieces of IP will simply be connected when block automation is
run, the MicroBlaze processor is a complex piece of IP and requires
additional information so that block automation can assemble the properly
configured system.
3-1-1. Click the Run Block Automation hyperlink in the information bar to launch the run
bLock automation.
i= Diagram X & Address Editor X -
&
Q| (% Designer Assistance a\.railabl
N r 1
ba 41N +
i + = - - +
B - Micro3laze . .. .;
T oL 2
Figure 2-11: Launching the Run Block Automation for the MicroBlaze Processor
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Note the current configuration as shown in the figure below.
¢ Run Block Automation &J

Automatically make connections in your design by checking the boxes of the blocks to connect. Select a block on the left to
display its configuration options on the right.
@, =+ All Automation (1 out of 1 selected) Description
x| -Ee
‘:" MicroBlaze connection automation generates local memory of selected
= size, and caches can be configured. MicroBlaze Debug Module,

Instance: /microblaze_0

Options
Local Memary: 8KB ~
Local Memory ECC: | None ~
Cache Configuration: None
Debug Module: Debug Only -
Peripheral AXI Port: | Enabled -
Interrupt Controller: [ |

Clock Connection: New Clocking Wizard (100 MHz)

4 T

Peripheral AXI interconnect, Interrupt Controller, a clock source,
Processor System Reset are also added and connected as needed.

-

Cancel

Figure 2-12: Default Settings for Run Block Automation for

the MicroBlaze Processor

The MicroBlaze processor's Re-configuration Wizard does not communicate with the Run

Block Automation tool.

3-1-2. Select 8KB from the Cache Configuration drop-down list to change the cache

configuration for each side.

e

Options
Local Memory: 8KB -
Local Memory ECC: | None -
Cache Configuration: | None ~
Debug Module: MNone -
Eeripheral AXI Port;
Interrupt Controller: [IDRE
32KB
Clock Connection: S4KE ing Wizard (100 MHz) ~
P ™ * J il P o s |

Figure 2-13: Selecting an 8KB Cache

3-1-3. Select the Interrupt Controller option to add an interr

upt controller to the system.

3-1-4. Click OK to accept the options and run the Block Automation tool.

Question 14
What gets built?

www.xilinx.com
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While this system is perfectly adequate for responding to interrupts and performing
basic processing, there a formal I/O channel does not exist.

3-2. Add the IP listed below to the block design.

If you do not recall how to perform this task, refer to the "Adding IP to an IP
Integrator Block Design" section under IP Integrator Operations in the Lab
Reference Guide.

o AXI UARTIite for basic text I/O

3-3. Customize the IP according to the table below.

If you do not recall how to perform this task, refer to the "Customizing IP" section
under IP Integrator Operations in the Lab Reference Guide.

Baud Rate 19200
Data Bits 8
Parity No Parity

You may note that there are no connections to the UART lite, nor to the Clocking Wizard,
nor to the concat IP (which concatenates individual bits to form an input into the
interrupt controller).

3-4. Run the Connection Automation tool to make the next set of connections.

3-4-1. Click the Run Connection Automation link in the status bar of the block design's
Diagram tab.

Z= Diagram X | @ Address Editor X
3 & »

Q¢ | L@ Desjgner Assistgnce availabld. Run Connection Automation

Figure 2-14: Launching Run Connection Automation

The Run Connection Automation dialog box opens and invites you to identify the IP that
you want to run the connection automation for.
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3-4-2.

3-4-3.

3-4-4.

Select the All Automation option.
This will cause all the options to be selected.

¢ Run Connection Automation e

Automatically make connections in your design by checking the boxes of the interfaces to connect. Select an interface on the left to
display its configuration options on the right. '

Q, All Automation (7 out of 7 selected)
& /] 2F axi_uartlite_0

[ B4

i &5y s aa
= @ @usrT
&= V] EF dk_wiz_1
. :
=y -] 4 cLk_mi_p o e
- -] ® reset Select an interface pin on the left panel to view its options
w » /| {F microblaze 0
" * o
s 7Y [V @ M_axipc
el | M_AXT_IC
1
. = £F rst_clk_wiz_1_100M
.0.:7 V] = ext_reset_in

Figure 2-15: Selecting the All Automation Option

Click OK to run the Connection Automation tool.

e
[Optional] Click the Regenerate Layout icon ( - ) in the left-hand vertical toolbar to
redraw the current system.

Generally, this will cause the system to be redrawn with inputs on the left-hand side of
the canvas and outputs on the right-hand side.

Question 15

Are there any unconnected inputs and/or outputs?

3-5. Remove the microblaze_o_xlconcat IP from the design and connect the
interrupt output of the AXI Uartlite into the AXI Interrupt Controller's input.
The purpose of this IP is to collect multiple interrupts and merge them into
a single bus for the AXI Interrupt Controller. Since there is only one
interrupt signal (from the UART), this IP is no longer needed.

3-5-1. Select the microblaze_0_xlconcat IP.

3-5-2. Press <Del> to delete the selected item.
Note that this also removes any nets connected to this IP.

3-5-3. Click-drag a connection from the axi_uartlist_0 interrupt port to the
microblaze_0_axi_intc.intr[0:0] port.
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3-6. Validate the design to catch any connection and address map errors.
3-6-1. Select Tools > Validate Design.
Any issues are displayed in the Console window.
3-6-2. Look for any errors—there should be none.
3-6-3. Click OK.
Question 16

Is this now a complete system?

Summary

You just completed developing a MicroBlaze processor-based embedded design. You explored
the MicroBlaze processor's Re-customization Wizard and the Run Block Automation options for
rapidly constructing a viable system. A UART was also added to this system to extend its
capabilities. You could have continued to add peripherals and memories in the same basic
fashion that the UART was added.
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Answers

What information does the Resources tab provide?

The Resources Tab shows a bar chart indicating the relative performance of the MicroBlaze
processor as configured by the current settings in the configuration wizard compared to the
maximum frequency that the device can run compared to the amount of area that the
processor will occupy in the FPGA/PL.

The default settings show that this configuration will run at the fastest clock rate (fr.)
possible for any configuration of the MicroBlaze processor. Additionally the settings show
that the performance is about 1/10th of the highest performing configuration of the
MicroBlaze processor. Finally, the settings show that it will take up about 12% of the area of
the largest MicroBlaze processor configuration.

Fill out the Default configuration in the table below.

Configuration Name Frequency Area Performance

Default 100% 13% 10%

Given the above scenario, what configuration from the Predefined Configurations section
would you choose and why??

The best choice would be the Minimum Area configuration so that it has the best chance of
fitting into the remaining logic. Since this MicroBlaze processor is only performing
housekeeping chores, performance and frequency are secondary concerns to that of area.

Even if the rest of the logic is running at a higher clock speed, this MicroBlaze processor can
take its clock from one of the many clock dividers (PLLs) on the device and run at a lower
speed than the other IP on the device.

Add the Frequency, Area, and Performance numbers to the Configurations table for the
Minimum Area configuration.

Configuration Name Frequency Area Performance

Default 100% 13% 10%

Minimum Area 87% 9% 10%

For this scenario, what configuration might you select and why?

Since throughput (performance) is the most important factor, the Maximum Performance
configuration will likely be the best choice.
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Maximum Performance configuration.

Add the Frequency, Area, and Performance numbers to the Configurations table for the

Configuration Name Frequency Area Performance
Default 100% 13% 10%
Minimum Area 87% 9% 10%
Maximum Performance 61% 61% 100%

7. Add the Frequency, Area, and Performance numbers to the Configurations table for each of

the remaining configurations.

Configuration Name Frequency Area Performance
Default 100% 13% 10%
Minimum Area 87% 9% 10%
Maximum Performance 61% 61% 100%
Maximum Frequency 100% 13% 10%
Linux with MMU 58% 57% 71%
Low-End Linux with 61% 47% 57%
MMU
Typical 68% 32% 61%

8. Did you notice any changes to the General Settings section when the different

configurations were selected?

The options in the General Settings section enable you to modify the predefined
configurations to better suit your needs.

9. Where can you find an explanation for these options?
Vivado Design Suite User Guide: Embedded Processor Hardware Design (UG898), Chapter 4.

Appendix A (Performance and Resource Utilization) of the MicroBlaze Processor Reference

Guide (UG984) also contains actual frequencies and LUT utilizations for the different families.
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10.

11.

12.

13.

When might the IP symbol in the IP Symbol tab change?

Any configuration that changes the number or types of ports will cause the IP symbol to be
updated to show the new ports. The General Settings > Enable Discrete Ports option makes
a number of the control and sense ports available.

Similarly, the Show Disabled Ports option shows all of the possible ports on the MicroBlaze
processor (a superset of all configurations). The active ports are listed in black and the
disabled ports are shown in gray.

How does one know when to use the different settings and options?

It is generally a good rule to use one of the pre-defined configurations as a starting point.
Then based on the system constraints (such as limited resources or clocking speeds) or code
constraints (heavy use of floating point numbers, integer multiplication and division, etc.) the
MicroBlaze processor can be tailored to meet specific goals.

Before experimenting with these options, be sure to read the MicroBlaze Processor Reference
Guide (UG984).

How does selecting the FPU Extended mode change resource utilization and performance?

Prior to the enabling of the FPU, the frequency was about 81%, area about 32%, and
performance was at about 61%.

Afterwards, the frequency remains the same at about 81%; however, the area increases to
about 48% and the performance increases to about 65%.

An interesting point to think about: If your code does not perform any floating point
computations, your system's overall performance will not change. However, if your system is
performing a lot of floating point computations, then the system's actual performance may
be significantly higher. Refer to the "Amdahl's Law" topic cluster to better understand how
accelerating one part of the code affects the entire system's performance.

How does enabling these exceptions affect the resource estimates?

Frequency is reduced from about 81% to about 65%. Neither area nor performance changes
significantly.
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14. What gets built?

The Run Block Automation tool adds and connects the following IP to the system:
e Cocking Wizard: Provides a 100-MHz clock to the MicroBlaze processor system.

e Processor System Reset: Manages both internal and external signals to reset the system.
It produces five resets (of which one is not used): One for the peripherals, one for the
interconnect controller, one for the bus structure (and is used by the local memory), and
one for the processor.

e MicroBlaze Debug Module: Connects to the chip's BSCAN (JTAG) chain and provides
debugging support for the MicroBlaze processor.

e Interrupt Controller: Manages interrupts from various hardware sources and produces an
interrupt signal to the MicroBlaze processor.

o AXlInterconnect: An AXI switch that enables various AXI masters (in this case, the
MicroBlaze processor) to connect to a number of slave device or peripherals (in this case,
the Interrupt Controller IP).

e Local Memory: A collection of block RAMs that house local instruction and data. Small
applications can be run completely from this local memory.

15. Are there any unconnected inputs and/or outputs?

Yes. the concat IP (which collects interrupts and provides them not as single signals, but as a
bus to the Interrupt Controller IP) wants two interrupts and the AXI Uartlite has an
unconnected output.

16. Is this now a complete system?

Yes, with one significant consideration. The MicroBlaze processor was configured to use
caches. These AXI cache lines are run into the AXI Interconnect; however, there are no
memory devices attached to the AXI Interconnect, which renders the cache connections
useless!

You can optionally add block RAMs to the AXI Interconnect for the caches. Even so, caching
is beneficial only when there is a slower memory, such as DDR. You are better off removing
the caching capability of the MicroBlaze processor and enlarging the block RAMs attached

to the local memory bus (LMB).

If there is a shortage of block RAM (that is, not enough block RAM to hold data and
instructions), you would need to instantiate a MIG (Memory Interface Generator) to connect
to off-chip DDR memory and instantiate block RAMs for cache.

Even as is, this design could work. Just as any FPGA/SoC/MPSoC design requires when there
are signals entering or leaving the logic/PL, constraints are required to properly map clock,
reset, and communication signals in and out of the device.
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Lab 3: Driving the SDK Tool

2016.3

Abstract

This lab introduces you to the basic operations for SDK. Concepts such as project creation,
adding existing source code to an application, compilation and linking, and downloading are
covered. Numerous other labs focus on other aspects of the SDK tools.

Objectives

After completing this lab, you will be able to:

e Create an SDK workspace

e Create the three basic types of projects typically required for application development
o Navigate application source code

e Produce and download an ELF to a hardware platform

Introduction

SDK is a powerful and complex tool. Knowing how to navigate its basic capabilities will make
software development a much easier task.

First, you must understand a few basic SDK concepts, starting with the workspace. The
workspace is simply a location (usually a directory) that contains not only all of the projects
(each in its own subdirectory), but also a few SDK files that help SDK remember user settings
and how projects relate to each other.

Next is the concept of the project. A project is a collection of related files for a certain type of
thing. Some projects that SDK intrinsically knows about and that you will use in this lab: the
hardware platform specification, board support package, and application.
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The following figure illustrates the relationships among these three primary projects:

Hardware Platform Description
from Vivado Design Suite

{.hdf) Source Code
Hardware Platform Specification - Board Support Package Application
Project v Project Project
Y A 4

Compiler Options =

. . Compiler/Linker
Linker Script =———p

!

ELF File

Figure 3-1: Relationships Among the Three Primary Project Types

You will begin by creating a new workspace and, within that workspace, one of each of the
commonly used projects.

As the diagram suggests, you will begin by importing a hardware description file (HDF) which
was created with the Vivado® Design Suite that will be used to create the hardware platform
specification project. Next you will create an application project (and, as part of the process, you
will generate a board support package based on the hardware platform specification project).

With the three projects created, you will add provided source code to the application project
and compile, link, and load it to generate an ELF (executable load format) file. Since the provided
source code contains some errors, you will correct them and recompile. With the errors
corrected, the resulting ELF file can then be downloaded onto the board and run.

General Flow

Step 1: Step 2: Step 3:
Creating the Creating the Configuring
Hardware | = | App.Project | = | Serial Port &
Specification & Navigating Running the
Project Code Application
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Launching SDK and Creating the Hardware Specification
Project Step 1

You will begin this lab by open the SDK tool, identifying its workspace (where the
projects will be kept on disk), and creating a hardware specification project that
describes the hardware system that the software will be running on from a file
provided to you which was exported from the Vivado Design Suite.

1-1. Launch the SDK tool and set the workspace.

1-1-1. Select Start > All Programs > Xilinx Design Tools > SDK 2016.3 > Xilinx SDK 2016.3
to launch the tool.

Alternatively, you can launch the tool from its desktop shortcut, if available.
The Workspace Launcher opens after a moment.

The SDK tool creates a workspace environment that initially only contains a thin structure
that tracks tool settings and maintains the SDK tool log file. In SDK, as projects are
added, this workspace will update to include hardware projects, BSPs, and your software
applications. Workspaces can be switched from within the SDK tool (select File > Switch
Workspace).

If it becomes necessary to move a software application to another location or computer,
use the import and export features. Manually copying files is not recommended as
workspace files are set to use absolute path names and this will cause the tool to
become unstable.

The default location for the SDK software workspace (when launching from within the
Vivado® Design Suite) is the root directory of your hardware project; however, a long
path name can lead to problems on Windows-based machines. There is no default
location for the tool projects. Placing your project at the root level or one hierarchical
level below helps keep the path names as short as possible and is recommended.

Many of the Xilinx labs do not follow this guidance as it is important to keep a
predictable structure through the various courses and labs. These labs have been tested
to ensure that path name lengths do not cause problems.
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1-1-2.

1-1-3.

1-1-4.

Enter C:\training\SDK_Driver\lab into the Workspace field or use the Browse button
when the Workspace Launcher opens.

Note that when you use the Browse button, you will need to select the
C:\training\SDK_Driver\lab directory and click OK.

rm Workspace Launcher @j

Select a workspace

Kilinx 50K stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session,

Workspace: I Use the Workspace Specified in the Instructions I - Browse...

[] Use this as the default and do not ask again

Figure 3-2: Setting Up the Workspace Environment Path

Click OK to close the Workspace Launcher dialog box and open the new workspace.

A workspace location and hardware platform are created when the Export Hardware
Design for SDK command is performed from the Vivado Design Suite (or they can be
created manually). While not a requirement, it is a good idea to keep the related files

together.

Note that SDK must associate with a hardware system that has been previously exported
so that an appropriate software platform or board support package can be built.
However, the SDSoC™ development environment can take advantage of available
platforms (for ZC702/ZedBoard). The hardware platform can be created for your custom
hardware.

Usually, a platform provider builds the platform hardware using the Vivado Design Suite
and IP integrator. For more information on platform creation, refer to the "SDSoC
Platform Creation" topic cluster.

When the SDK tool is launched on its own, you must manually identify where you want
the workspace and create (or import) the necessary hardware description to begin
developing an application.

Close the Welcome tab if it appears.

This will give you more room to view your project. You may also want to maximize the
SDK window, as there will be a lot to see.

42

www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
© Copyright 2016 Xilinx



Lab Workbook Lab 3: Driving the SDK Tool

The hardware platform specification contains a thorough description of the
hardware design: what types of processors are present, active peripherals in the
PS and PL for Zynq® All Programmable SoC-based systems or a list of all
peripherals for a non-Zynqg All Programmable SoC system, a full system memory
map, etc. Based on this description, software such as the board support package
(BSP) and application can be tailored to the hardware.

1-2. Create the hardware platform specification.

1-2-1. Select File (1) > New (2) > Other (3) to see the Xilinx-specific options.

File | Jdit Source Refactor Mavigate Search Project Xilinx Tools Run  Window Hel
New Alt+ShiftsN » )@ Application Project
v, 4d**7 OpenfFile.. B SPM Project
" "
Close = Ctieyy | M Board Support Package
. =
CloseAll 1 CirbeShiftswy | [ Project
H =
Save H Ctrl+S 69  Source Folder
)
Save As.. ‘e, % Folder
.
Save All ."'"-.._Ctrhshwfns €]  Source File
"o, b Header File
Revert e, L}
". % Filefrom Template
Move... | Cloe
Rename... F2 ‘ 3 ‘
=
&1 Refresh s (2 Other... N Ctrl+N J
Convert Line Delimiters To 3
Print.. Ctrl+P

Figure 3-3: Accessing the New Wizards

The Select a Wizard dialog box opens. Here you can select one of many different wizards.

1-2-2. Expand the Xilinx folder (1).
1-2-3. Select Hardware Platform Specification (2).

Select a wizard

Wizards:
type filter text

> == General

> = CfC++

= Java

: = Remote System Explorer

cation Project
p

i Hardware Platform Specification

T VI FToJec

Figure 3-4: Selecting the Hardware Platform Specification Wizard
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1-2-4.

1-2-5.
1-2-6.

Click Next to open the New Hardware Project dialog box (3).

The New Hardware Project dialog box opens. Here you will be able to specify a project
name and the hardware description file that was exported by the Vivado Design Suite.

Enter SDKintro_hw in the Project name field.

Browse to the C:\training\SDK_Driver\support directory under the Target Hardware
Specification region and select the blkdsgn_[ZC702 | Zed]_[A9 | MicroBlaze].hdf file.

New Hardware Project 5
. . e
Provide the path to a hardware specification file, H
I
Project name: | Enter the Project Name Here |
Use default location
Browse...
default
Target Hardware Specification
Provide the path to the hardware specification file exported from Vivado.
This file usually resides in SDK/SDK_Export/hw folder relative to the Vivado project location.
The specification file and associated bitstream content will be copied into the workspace.
Path to the HDF File Goes Here \
» Bitstream and BMM/MMI Files

Figure 3-5: New Hardware Project Dialog Box

1-2-7. Click Finish to create the new hardware project.
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Creating the Application Project and Navigating Code Step 2

With the SDK tool open and the hardware description imported, you will now
create a new application and, as part of creating the new application, you will
create a board support package with the default settings.

While there are a number of templates available during the creation of an
application project, you will use the Empty Project template and import the
provided source code files.

Using the Application Project Wizard is a quick way to set up a C or C++ software
application project that targets an existing processor and OS platform
(Standalone or Linux). You can automatically generate the board support package
(BSP) or select an existing one. Based on the dialog box choices, the appropriate
tool chain is selected for pre-processing, compiling, assembling, and linking.

2-1. Create a new C/C++ application project named SDKintro_app. Use the board
support package named default bsp.

2-1-1. Select File (1) > New (2) > Application Project (3) to open the New Project dialog box.

Alt+5hift+N ¢
o= =] SPM Project
il Board Support Package

Application Project

Crl+WwW
Ctrl+Shift=w | L4 Project...

Figure 3-6: Creating an Application Project

2-1-2. Enter SDKintro_app as the project name.

2-1-3. Ensure that you have SDKintro_hw selected from the Hardware Platform drop-down list
as the SDK tool can manage multiple platforms within a single workspace.
This will populate the Processor drop-down list accordingly.

2-1-4. Ensure that ps7_cortexa9_0 or microblaze_0 is selected from the Processor drop-down
list.

2-1-5. Ensure that standalone is selected from the OS Platform drop-down list.
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2-1-6. Select Use Existing and choose an existing BSP from the drop-down list if you have

already created a BSP for this hardware platform; otherwise, select Create New and

enter the name for the BSP as default_bsp.

Application Project

Create a managed make application project. &

Project name: Add Name of the Application per Instructions |

Use default location
Ci\training\EmbSysSoft\labs\Introl wip\workspace zed_nofl| |  Browse...

default

05 Platform: ‘ Select OS Platform per Instructions E]

Target Hardware

HardwarePIathrm:‘ Select Hardware Platform per Instructions ﬂ

Processor: ‘ Select CPU Target per Instructions E]
Target Software
Language: @C ©C+

Board Suppert Package reate New
Name of BSP per Instructions
se existing
Use New or
Existing BSP

@ < Back Next > T

Bere N e

Figure 3-7: Entering Application Project Information

2-1-8. Select Empty Application (1).

2-1-9. Click Finish to create the new project (2).

=]

Templates .f
Create one of the avalable templates to generate a fully-functioning

application project.

Available Templates:

Let's say 'Hello World' in C. =]

WwIP Echo Server

Memory Tests

OpenAMP echo-test
OpenAMP matrix multiplication Demo
OpenAMP RPC Demo

Select the Application
Template per
Instructions

Peripheral Tests

RSA Authentication App
Zynq DRAM tests

Zyng FSBL

@) < Back et > I Finish =" Cancel |

——

Figureb 3-8: Selecting an Application Template (Selection in Figure May Not Match

Instructions)

As the project is created, the new BSP is compiled and any sources from the templates
are also compiled. The creation of the new project usually takes less than a minute.
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The application framework is generated and now it is time to load the provided
source files.

It is common practice to add existing resource files (*.c, *.h, *.cpp, etc.) to a
software project. The Eclipse framework requires this operation to be performed
as an import function.

2-2. Add SDKintro_main.c, hardware_support.c, hardware_support.h,
LED drivers.c, LED_drivers.h, platform.c, platform.h, platform_config.h,
serialPort_helper.c, serialPort_helper.h, utils_print.c, and utils_print.h to the
application.

The preferred method for importing sources is shown here.

2-2-1. Expand the project named SDKintro_app > src using the Project Explorer.

2-2-2. Right-click the desired destination directory in the project that you want to place the
resource files (typically the src directory) (1).

2-2-3. Select Import to open the Import Wizard (2).

L7 Project Explorer &2 (= <f;>| ¥ ¥ = O || system

< .

“ = -app orte
+ [np Incl

. @ o ew

2 (& vwwdr,  Golnto

Open in New Window

=| Copy Ctrl+
Paste Ctrl+V

-
E ¥ Delete Delete
“, Source
.
- Move...
0. ,
* Renam F2
fam=S {
[ port...

£ Refresh

*
*
N

Figure 3-9: Importing a Resource File

The Import Wizard dialog box opens.
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2-2-4.

Expand General (1).

2-2-5. Select File System as you will be selecting individual files directly from the file system

2-2-6.
2-2-7.
2-2-8.

(2).

Select N

Import resources from the local file system into an existing project. E - 5 i

Select an import source:

1 text

General
I (&, ArchiveFile
= Existing Pro

& i Existin

. Preference
(= C/C++ p

s = Install -
> [= Remote Systems
> (= Run/Debug H
= Team .:
H
"
.
H
-
.
£

Figure 3-10: Selecting File System

Click Next to advance to specifying the files to import (3).

Browse to C:\training\SDK_Driver\support in the From directory field.

Select the file(s) by checking the box beside SDKintro_main.c, hardware_support.c,
hardware_support.h, LED_drivers.c, LED_drivers.h, platform.c, platform.h,
platform_config.h, serialPort_helper.c, serialPort_helper.h, utils_print.c, and

utils_print.h.

T ==
File system —
Import rescurces from the local file system,
-
From directory: |Source Directory as Specified in Instructions |v [ Browse... ]
[l (= i, oot _app EIR
[ oo
-
Select Files to Import El
e}
[E]
[ Fiter Types... | [ selectan | [ Deselectan |
Into folder: ‘ Destination Directory as Specified in Instructions ‘ [ Browse...
Options
[] Overwrite existing resources without warning
[7] Creste top-level folder

Figure 3-11: Selecting Resource Files

The Into folder directory will default to the location selected when you engaged the
import function, but you can click Browse to change this location.
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2-2-9. Click Finish to import the selected files and close the wizard.

Note: If the workspace has the automatic build option enabled, the project will
automatically build with the new resource files. The Console view at the bottom of the
IDE will show the results of the build.

The Project Explorer tab shows a tree structure of the various projects in this workspace.
Each entity is its own project; that is, the hardware platform specification is a complete
project and contains the XML description of the hardware and other necessary hardware
files (usually including a bitstream).

The BSP is another project that is dependent on the hardware platform specification and
contains various libraries, including device drivers for the standalone configuration. The
BSP project is dependent upon a hardware platform project.

Finally, the application becomes yet another project and contains the source files, linker
script, compiler options, etc. necessary for running the software. The application project
is dependent upon a BSP project.

Multiple projects of any type can exist in the workspace. For this lab, SDKintro_app is the
application, the SDKintro_app_bsp project is the BSP that contains all of the supporting
software that bridges the hardware to the application software, and the SDKintro_hw
project is the description of the hardware platform.

SR C/C++ - .mss - Xilinx SDK
File Edit Navigate Search Project Run Xinx Tools Window Help

i
i | &~&E = RE&e H~0~av~ Gror r
[ Project Explorer &2 E B, | T 1 |Hh, system.mss &2 &
- _hw_platform_ -

r;lﬂ'ﬂ!:_m_gmc _bsp Board Support Package
~[2 ps7_init_gplh (

@ ps7_init.c | Modify this BSP's Settings | ‘ Re-generate BSP Sources |
~[g ps7_init.h ;
@ ps7_int.html Target Information

)
This Board Support Package is compiled to run on the following ty

Hardware Specffication: C:\training\sysArchlabs\buidPS\basic_sy
Target Processor: ps7_cortexaS_0

-3, binares y
-5 Includes .
"-B Debug Operating System 4
Board Support Package OS.
r
Name: standalone
: BSP Documentation Version: 6.0
---g ps7_cortexad_0 Description: Standalone is a simple, low-level software laye;j
[ Makefie exceptions as wel as the basic features of a h
i system.mss Documentation: Not found P
- M %uf
Figure 3-12: Project Explorer Tab
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2-2-10. Expand SDKintro_app > src to see all of the source files that are part of this project by
clicking the - or = sign next to src.

L Project Explorer &2 =8

S
4 f_pc Wi _test
3 ff Binaries
[t Includes
- = Debug

PRERWRFEREPEEDE®

c

B2

TRy N
Figure 3-13: Expanding the Application Sources Structure
With the new sources added to the project, the SDK tool will automatically compile all

the files in the project. Since errors was deliberately introduced into the source code,
your next task is to locate and correct these errors.

2-3. Locate the first error and correct it.

There are several ways to locate errors. You will use one method to locate
and correct this first error and another process to locate and correct the
second error.

2-3-1. Locate the Problems tab.

X il - p
‘ ! Problems £2 ’ s o= o ]
33 5 ng, 1 other . I;
Description Resource Path Location Type
4 @ Errors (- items) 4
(]
(]
> & Warnings (1 item)
> i Infos (1 item) f

Writable Smart Insert 50:62

Figure 3-14: Locating the Problems Tab

This tab is found at the bottom of the workspace.

2-3-2. Double-click the first error ‘delay’ undeclared (first use in this function) to both open
the file that contains this error and identify the line where the error occurred.

Notice the two small icons in the margin (£ and #). These indicate errors and warnings.
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2-3-3. Hover the mouse over each of the icons to activate the pop-up message describing what
the warning and error are.

|\mused variable 'dely’ [-Wunused-variable] // add a delay to reduce the ove. all i.censity ot the LEDs

Multiple markers at this line
- each undeclared identifier is reported only once for each function it appears in|
- 'delay’ undeclared (first use in this function)

L) e e s A am .. B . sk e

Figure 3-15: Accessing the Pop-Up Description for the Warning and Error

The error icon shows that something in this line is not defined. The description in the
Problems tab clarifies this and tells you that 'delay’ has not been declared.

Question 1

What action might you take to resolve this issue?

Certain types of problems can propagate from an error or warning to others.

Question 2

What is the best way to investigate and correct this error?

Question 3

Unfortunately, the default for the SDK editor is to have line numbering turned off. How can you
turn on line numbering?

2-3-4. Change dely to delay on the line prior to the error (on or about line 49).
2-3-5. Select File > Save (or press <Ctrl + S>) to save your changes.

Saving the file also causes the rebuilding of the file. This is a customizable feature and
can be disabled.
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Question 4

What happened as a result of the recompilation of the file? Hint: Look at the Problems tab.

2-4. Locate and correct the second error.

While you could follow the same procedure described in the previous
instruction, you will use this second error to explore an alternate means of
performing the same task. One method is just as good as the other—this
will simply become your preference.

2-4-1. Expand SDKintro_app > src under the Project Explorer tab.
2-4-2. Locate the file icon with an error marker (&=).

I3 Project Explorer 2

SDKintro_app
» w Includes
- = Debug
SIC

=Y

+ lel hardware_support.c
» [ hardware_support.h
» el LED_drivers.c

+ [8] LED_drivers.h

- [8 platform_config.h

» lel platform.c

- [1 platform.h

DKintro_main.c
le| serialPort_helper.c
- [#l serialPort_helper.h

+ el utils_print.c

—

LGN L VRO e T ~, oA

i

Figure 3-16: Locating a Source File Containing an Error

2-4-3. Double-click the file name to open it in the editor.
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2-4-4. Look closely at the right margin to notice a series of small red and yellow rectangles.
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Figure 3-17: Mapping Error and Warning Icons to the Error and Warning Navigation Bar

Question 5

What do you think these small red and yellow rectangles mean?

2-4-5. Click the topmost red rectangle in the right margin to change the view to show the
offending line of code.

Visual inspection quickly shows that the closing parenthesis was omitted from the while
statement.

2-4-6. Insert the closing parenthesis on (or about) line 86 so that it appears as follows:
while (1) {
Question 6

What happens as soon as you add the closing parenthesis?
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2-4-7. Select File > Save (or press <Ctrl + S>) to save the code to preserve your changes and
recompile the source code.

A successful build will show no errors in the Problems tab (although there might be
warnings) and is indicated in the Console tab when the sizes of all of the program
segments are displayed before the Build Finished message.

%1 Problems | ¥ Tasks | &l Console 2 | B Properties | & Terminal = 0
4B B =B A B

CDT Build Console | . oy |

'Building target: e .c1f’ i

'Invoking: ARM gcc linker’

arm-xilinx-eabi-gcc -WL,-T -Wl,../src/lscript.ld -L../../ _bsp/y

'Finished building target: e .c1f’

'Invoking: ARM Print Size’

arm-xilinx-eabi-size o .elf  |tee " o .elf.size”

text data bss dec hex filename

126812 3164 2218272 2348248 23d4ds8 lwip_echo_app.elf

'Finished building: s .elf.size’

11:23:18 Build Finished (toock 7s5.139ms)

Iq‘ m 3

Figure 3-18: Successful Software Application Build (Your File Names and Sizes Will Vary)

Sometimes you want to confirm that everything has built properly and you want
to "force" everything to be rebuilt.

2-5. Force a recompilation of your entire project.
2-5-1. Select Project > Build All to rebuild the entire project.

You will be able to monitor the progress in the Console tab and in a pop-up status bar.

The Outline tab (view) is the result of the tools scanning the source code and
mapping where a number of different elements are located. These elements
include:

o #define

o #include

o Global variable declarations
o Function definitions

This list is filterable so that searching can be simplified for large and complex
sources.
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2-6. Use the Outline view to answer the following questions.

Question 7

How do you use the Outline view?

Question 8

What line number does the LED_driver_select(int) function begin on? (Located in LED_drivers.c)

Question 9

What happens if you click a different source tab?

2-6-1. Select the SDKintro_main.c source to to make it active.

2-6-2. Using the Outline view, locate the include for utils_print.h.

2-6-3. Select utils_print.h in the Outline view to locate the include in the source file.
Question 10

What is the easiest way to open utils_print.h?
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Question 11

What else turns into a hyperlink?

Configuring the Serial Port and Running the Application Step 3

You will now take the final step and download the ELF file to the hardware and
monitor the output of the system.

Begin by powering up the board and initiating a serial communications session.

3-1.
3-1-1.

3-1-2.

3-1-3.

3-1-4.

Apply power to the board.

Switch the board to OFF to clear memory if your board is powered on and has a power
slide switch; otherwise, remove the power cable.

Ensure that you have a correctly imaged SD card if you are using the MicroBlaze™
processor.

The correct SD card images are available from C:\training\SDK_Driver\support\
TransUartPins48-49_Bootimage\[ZC702 | ZED]. Copy the BOOT.bin to the root of the SD
card.

MicroBlaze processor users only: Insert the SD card into the development board.

This will configure the PS with a special application to allow UART communications with
the MicroBlaze processor through the PS.

Note: You may have to change the jumper/switch settings to support JTAG
programming. Many devices, such as the Zynq®-7000 family support JTAG fallback if the
jumpers/switches are set to SD card and no card is present. Other families, such as the
Zynq UltraScale+™ family, need to be specifically configured to boot from JTAG or SD
Card. Refer to the lab setup guide for your board for details.

Slide the switch on your board to the ON position if it has one (as shown in the lab setup
guide for your board); otherwise, plug the power cable in.
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You will need to verify the proper connections and open a terminal window on
the PC to monitor the output of the application. You may need to change the
assigned COM port based on your computer's configuration.

3-2.

If you are not certain on how to properly connect your board to the PC and
power it up, refer to the Board-Specific Tasks section in the Lab Reference
Guide.

If you do not recall how to determine the COM port that is connected to the
board, refer to the "Determining the COM Port Assigned by the USB Driver”
topic under the Board, OS, COM, and IP Address Tasks section in the Lab
Reference Guide.

If you need further assistance with either of these tasks, ask your instructor.

The SDK terminal is an interface that only supports serial port/UART
communications. The more general Terminal tab is able to support other formats,
such as SSH and Telnet.

3-3. Locate the SDK Terminal tab. Generally this tab is found in the same panel
as the console.
3-3-1. Select Window > Show View > Other > Xilinx > SDK Terminal to open the SDK
Terminal tab if it is not currently visible.
This tab typically opens in the same window as the console.
3-4. Configure the SDK Terminal.
3-4-1. Click the green '+' sign to open the Connect to Serial Port dialog box.
El spk Terminal 2 " :: p@ = 0
Click on + button to add a port to the termina k.- “f
e :I
4 blv
|l Sendl Ckearl
Figure 3-19: Adding/Associating a Port to the Terminal
A pop-up appears asking you to configure the settings for the serial port.
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3-4-2. Select the serial port that is connected to the device you want to communicate with (1).

This is the port number associated with the Serial Port/USB connection from your board.
This is often the highest-numbered com port, but not always. Your board must be
powered on in order to see this port.

3-4-3. Set the baud rate to 115200 (2).
3-4-4. Leave the other settings at their defaults.

20k Connect to serial p
Basic Setting
Port:

Baud Rate:

~ Advance Settings

Data Bits: |8 'l
Stop Bits: |1 v[
Parity: INone vl
Flow Control: INone vl

Timeout (sec):

Cancel |

Figure 3-20: Configuring the SDK Terminal

3-4-5. Click OK to save these settings and begin the terminal session (3).

Note: The hardware design used for this lab contains a Programming Logic (PL)
component for both the MicroBlaze design and the Zynq based design. For the
Zynq design this allows access to the on-board LEDs through a GPIO IP Block in
the PL. For the MicroBlaze™ design, this contains the softcore MicroBlaze™
processor, the Uart IP Block and the GPIO IP Block for LED access.

3-5. Program the device.

The bitstream resides within the SDK workspace as it was imported when
the hardware platform was created.

3-5-1. Select Xilinx Tools > Program FPGA or click the 2% icon.
The Program FPGA dialog box opens.

The default bitstream is the bitstream that is part of the collection of files that was
exported from the Vivado Design Suite.

The BMM/MMI file is used to describe how block RAM memory clusters are loaded with
instruction and/or data information that is contained as part of the bitstream. The BMM
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format is used in older versions of the tool, while the MMI format is used in newer
versions of the tool. Typically, Zynq All Programmable SoC-only designs do not require a
BMM/MMI file, and MicroBlaze processor designs do require their use.

ELF files, under the Software Configuration section of the dialog box, are also related to
BMM/MMI usage. If no BMM/MMI file is specified, then this section will remain empty.

3-5-2. Keep all default settings and click Program to program the programmable logic portion
of the device.
rm Program FPGA @1
Program FPGA
Specify the bitstream and the ELF files that reside in BRAM memaory
Hardware Canfiguration
Hardware Platform: | Automatically Populated ._']
Connection: [Local VH Mew I
Device: Auto Detect
Bitstream: I Automatically Populated I iSearch...l [Browse..]
BMM/MMIFIle: | Conditionally Populated J [search...| [Browse. |
Software Configuration
Pracessar ELF File to Initialize in Black RAM
| Conditionally Populated |
Run reset_zynqpl
@:‘ i Condf‘l,il:na”y I [ Pragram u Cancel
Figure 3-21: Programming the FPGA
It will take about a minute to configure the programmable logic. A progress bar will
appear to show how far along the programming process is. Typically, the progress bar
will pause near the halfway mark for a few seconds before completing the configuration.
The result of the FPGA configuration can be viewed in the SDK Log tab at the bottom of
the IDE.
Note: If you are programming a MicroBlaze softcore processor on a Zed or ZC702
Development Board a warning indicating that there is not a PS in the design will be
presented. Read the warning and click OK to dismiss it. The design does not use any PS
managed or initialized resources.
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Now that you are ready to receive application output, it is time to launch the
application by creating a new run configuration.

A Run configuration defines how you want the system to work when running an
application. While there are a significant number of switches and options, the
most common are shown below.

3-6. Set up a Run configuration for SDKintro_app.

3-6-1. Right-click SDKintro_app (1) from the Project Explorer pane.
3-6-2. Select Run As from the context menu (2).
3-6-3. Select Run Configurations (3).

C/C++ - hella_world_app_bsp/system.mss - Xilinx SDK

File Edit Source Refactor MNavigate Search Project XilinxTools Run  Window Help

milh (8- {-maCREHBTGE-&-H-6- H-0-%-w &7~ -
L5 Praject Explorer £3 =

--------

GoInto
-
Open in Mew Yindow

2 Copy : Ctil+€
Paste H Ctrl+V
:

g % Delete :: Delete - ' ,

Show in Re:mote Systems view

Profiling Tools 3
ConvertTé,u

Profile As ."

Debug As ‘ @

3
3
Crun s » Y5 LLaunch on Hardware (GDE)
»
»

Team >

Campare With

Restore from Local History... g 1Lacal C/C++ Application
R ) B 5Remate ARM Linux Application
i, Change Referenced BSP ".. =] | Ce v Gt E
Tl Generate Linker Script " CRun cUnﬁgmtmns.H@

C/C+ Build Settings

d,_.lwﬁlwfﬂ‘wlm-‘;a[.ﬂlulﬂmfm‘r

4. 2Launch on Hardware {System Debugger an QEMU)
3 3Launch on Hardware {System Debugger)

Figure 3-22: Creating a Run Configuration for an Application

The Run Configurations window opens.

60 www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
© Copyright 2016 Xilinx



Lab Workbook

Lab 3: Driving the SDK Tool

3-6-4. Double-click Xilinx C/C++ application (System Debugger) to create a launch

configuration (1).

Alternatively, you can select Xilinx C/C++ application (System Debugger) and click the
New configuration button.

If this is the first debug configuration being created for the project, a welcome type
dialog opens. If one or more configurations exist, then the last open configuration will be

displayed. In either case,

a new configuration can always be added. Existing

configurations are shown in the left pane and can be selected for debugging.

B Debug Configurations

[

Create, manage, and run configurations

Run ar Debug a program using System Debugger,

type filter test

Alternatively Click
the New Icon

[ Perfarmance Analysis
I3 Target Communication Framework
£ Xilinx €/C++ application (GDB)

£ ilinx C/C++ application
2 Xilinx €/C++ application {System Debugger]

System Debugger on QEMUY

Configure launch settings fram this dialag:

- Press the "Mew' button to create a configuration of the selected type.
= - Press the ‘Duplicate’ button to copy the selected configuration.

- Press the "Delete’ button to remove the selected configuration,

o

- Press the 'Filter’ button ta canfigure filtering optians.

- Edit or view an existing configuration by selecting it.

- Configure launch perspective settings from the Perspectives’ preference
Double-Click to Create a page.

New Configuration

Filter matched 5 of 15 items

®

=/ Debug

Close

Figure 3-23: Creating a New System Run/Debug Configuration

A new Run Configuration is created named System Debugger using
Debug_SDKintro_app.elf on Local (2).

84 un Configurations ——
Create, manage, and run configurations
s
Run or Debug a program using System Debugger.
2
LN Name:
E @ Target Setwp . C] Application| 4 Arguments| B8 Environment | 5+ Symbol Files| 4> Source | & Path Map| [ Commen
B Debug Type: |Standalone Application Debug =
3
uager on QEMU Connection: |Local = | [New
§ Jebugger )
| Hatmare attorm: [__Defauit Hardware Platform
Bitstreann File: Leave at Default Search... Browse.. Generate..
Initialization File: Leave at Default Search. Browse.
FPGA Device: Aurto Detect Select_
75 Device: Auto Detect Select..
Summary af operations to be performed
Un-Check fer Reset entire system  No operations will be perfarmed with the current debug configuration,
MicroBlaze ean
Designs Only
fig
Filter matched 6 of 13 items Reven Apply

Figure 3-24: Run Configurations Dialog Box (Zynq AP SoC)

The new configuration will appear with other existing configurations and have the name
of your application. You will also note that a number of fields are automatically filled in
for you using the name of your application as the basis (that is, if your application is
named "XYZ", then the Name field will be populated with XYZ Debug.) Most users will
leave the other settings at their default.
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3-6-5.

3-6-6.

3-7.
3-7-1.

3-8.
3-8-1.

3-8-2.

Deselect the Run ps7_init and Run ps7_post_config options (3) if you are targeting a
MicroBlaze processor design on the Zynq All Programmable SoC.

This is to prevent the tools from automatically trying to configure the underlying Zynq
AP SoC platform, even though a MicroBlaze processor is targeted.

Click Run to close the dialog box and launch the software application on the hardware
evaluation board (4).

View application output in the terminal.

Select the Terminal tab to view the application output.
You should observe the "SDKintro test code starting..." string output in the terminal.
[ CEREED) +xsi-o

Connected to: Serial { COM3, 115200, 0, 8
/rMessage from SDK Terminal x
Connected to COM3 at 115200 N

SDKintro test code starting...
Output from the
Application

Characters to send to the
application can be entered

here

Figure 3-25: Viewing the Output in the Terminal

Instruct the program to drive the LEDs

Enter in the character "+" at the base of the SDK Terminal view and click the Send button
in the SDK Terminal view, located to the right side of the text entry, to send that
character to the application running on the development board.

This will instruct the application to drive the LEDs with a gaussian display pattern.
View the User LEDs on the development board.

Note: The LEDs will be turned on and each will have a different intensity, decreasing
from high to low. Setting the intensity of the LEDs is handled by the application. The
LEDs are connected to pins in the PL and the only way to drive them through software is
to interface with an associated IP Block instantiated in the PL.

Question 12

Where does the writeStr_NL() routine output to? Where are the input (stdin) and output (stdout)
devices configured?
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Question 13

If the software was modified, would it be necessary to reimplement (translate, map, place &
route) the hardware? What would need to happen if the software was modified? Describe the
relationship between hardware and software updates.

3-9. Close the Xilinx SDK tool.
3-9-1. Select File > Exit to save the SDK configuration and exit the tool.

If you have not configured your workspace to not request confirmation on close, a dialog
box will appear confirming that you wish to close SDK.

You have the option to set SDK to never ask you for exit confirmation.

3-9-2. Click Yes if this dialog box appears to conclude the saving of the SDK configuration and
exiting of the tool.

Summary

You have now walked through all of the high-level steps required for building an embedded
software project:

Creating the hardware, BSP, and application project

Adding existing source code to the application project

Locating and correcting syntax errors

Running the application on hardware
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Answers

What action might you take to resolve this issue?

This issue can be resolved by defining a variable named delay within the function (prior to
when it is used).

2. What is the best way to investigate and correct this error?

Since there is a warning icon immediately prior to this error, it is logical to assume that there
might be a connection. The warning indicates that the variable dely is not used. It is
reasonable to assume that this is simply a typographical error and that dely should really be
delay.

3. Unfortunately, the default for the SDK editor is to have line numbering turned off. How can
you turn on line numbering?

Right-click in the left margin of the editor pane amd select Show Line Numbers from the
context menu.

4. What happened as a result of the recompilation of the file? Hint: Look at the Problems tab.
The correct spelling of the variable name made the error in LED_drivers.c go away. This
exposes another error in another file.

5. What do you think these small red and yellow rectangles mean?

These are markers that correspond to the locations of warnings and errors in the source file.
Yellow represents warnings while red represents errors. Clicking a red rectangle changes the
source code view to present the line of code corresponding to that error.

6. What happens as soon as you add the closing parenthesis?

Certain types of errors and warnings are quickly detectable without having to recompile the
code. As soon as the closing parenthesis, the tools detect the change and rescan the source
code. With the conditional statement now complete, many of the warnings disappear from
the error and navigation margin.

7. How do you use the Outline view?

Click the element listed in the Outline view to jump to its location in the source file.
8. What line number does the LED_driver_select(int) function begin on? (Located in
LED_drivers.c)
On or about line 64.
9. What happens if you click a different source tab?
The Outline tab changes to match the active source tab.
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10. What is the easiest way to open utils_print.h?

While you could return to the Project Explorer and locate utils_print.h and double-click it, it is
far easier to press-and-hold <Ctrl> and hover the mouse over utils_print.h. This will turn the
include into a hyperlink. To open the include file in a new window, just click the hyperlinked
include file.

11. What else turns into a hyperlink?

Press and hold <Ctrl> and hover it over a number of different elements. You will find that
everything that is listed in the Outline tab is hyperlinked. This is particularly useful for quickly
locating the source for functions, macro expansions, etc.

12. Where does the writeStr_NL() routine output to? Where are the input (stdin) and output
(stdout) devices configured?

The writeStr_NL() routine outputs to the stdout, which is mapped to the serial port output
device. Similarly, the stdin is also mapped to the serial port input device.

These mappings are made in the Board Support Package settings as shown in the figure
below (the BSP for the Zynq platform is shown in the image below. If it were the BSP for the
MicroBlaze, the Value would be axi_uartlite_0).

Board Support Package Settin ﬁ

Board Support Package Settings

Control various settings of your Board Support Package.
4 Overview
standalone Configuration for OS: standalone
4 drivers Name Value Default Type Description
ps7_cortexad_0 stdin ps7_uart_1 none peripheral stdin peripheral
stdout ps7_uart_1 none peripheral stdout peripheral

false false boolean Enable MicroBlaze Except
false false boolean Enable S/W Intrusive Profi

T o Bkl 8T b PN b AT BT
Figure 3-26: Mapping STDIO in the BSP Settings

13. If the software was modified, would it be necessary to reimplement (translate, map, place &
route) the hardware? What would need to happen if the software was modified? Describe
the relationship between hardware and software updates.

The dependency runs from hardware to software, which means that changes in software will
not affect hardware. However, changes in hardware (specifically the HDF file) will be
detected by SDK and it will rebuild the hardware platform which will, in turn, cause the
rebuilding of the BSP.

Rebuilding of the BSP might impact the application. Consider if a peripheral were being
accessed in software, then the peripheral were removed from the design. This would result in
numerous software errors in which attempts were made to reference a non-existent
peripheral.
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Lab 4: System Debugger

Zynq All Programmable SoC ZC702 or ZedBoard

2016.3

Abstract

This lab shows you how to use the basic features of the System Debugger, including a number
of execution controls and data monitoring and modification techniques.

Objectives
After completing this lab you will be able to:
e Control execution by using single-stepping techniques and breakpoints

e Monitor and modify variables and regions in memory

Introduction

The Towers of Hanoi game is a puzzle consisting of a number of disks sorted from smallest (on
the top of the stack of disks) to the largest (on the bottom of the stack) and three vertical rods
that are used to hold the disks.

The game is played by moving the entire stack of disks from one vertical rod to another while
following three simple rules:

e Only one disk can be moved at a time.

e Only the topmost disk on the stack can be moved to the topmost position on either of the
other rods.

e No disk can be placed on a smaller disk.

While there are a number of algorithms that can be employed to solve this puzzle, the provided
code uses a recursive algorithm. Recursion is the process in which a function calls itself. By the
very nature of recursion, the call stack is used heavily.

General Flow

Step 1L )
Creating the Step'2.
. . Running
Projectand | ="
. the System
Importing Debuager
Code 99
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Creating the SDK Project and Importing Source Code Step 1

You will begin this lab by creating a set of SDK projects and import the source
code for a C application that you will need to verify for proper behavior.

You will use C:\training\systemDebugger\lab as the SDK tool workspace. The
development environment will automatically create a hardware platform based
on the development board selected.

Several common and repetitive tasks have been automated with a custom tool
called SDK Launcher. This tool will automatically create an SDK workspace, create
a hardware platform specification targeting the desired development board and
processor combination and, finally, launch the SDK tool in the open workspace.

The hardware platform specification will be named UED_hw. If you are unsure
how to do any of these tasks manually, reference the relevant sections in the Lab
Reference Guide.

1-1. Open the SDK Launcher tool.

1-1-1. Open Windows Explorer and browse to the C:\training\tools directory.
1-1-2. Double-click the SDKlauncher jar file to launch the application.

1-2. Configure the SDK Launcher.

1-2-1. Click the Browse icon button to open a file browser window (1).
1-2-2. Select C:\training\systemDebugger to identify which lab to work with.
1-2-3. Click Open to select the path and return to the tool's main GUL
1-2-4. Click the Down arrow next to the platform list to expand the list (2).
1-2-5. Select the [ PS | MicroBlaze on ZC702 | ZedBoard ].

Note: Selecting PS will target the ARM® processor and MicroBlaze will target the
MicroBlaze™ processor.

1-2-6. Ensure that Vivado version 2016.3 is populated in the SDK Version field (3).

This instructs the SDK Launcher application to use a particular version of the SDK tool.

5DK Launcﬁer

wiceuser ["As Per Instructions S
platform 9°' SDK Versiol

(C) 2016-7 Xilinx, Inc. ] o V0.1 - 1116/2016

Figure 4-1: Configuring the SDK Launcher Tool
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1-2-7. Click Go to automatically set up the workspace, create the hardware platform
specification, and launch SDK (4).

Close the Welcome screen once SDK launches, if it is open.

Using the Application Project Wizard is a quick way to set up a C or C++ software
application project that targets an existing processor and OS platform
(Standalone or Linux). You can automatically generate the board support package
(BSP) or select an existing one. Based on the dialog box choices, the appropriate
tool chain is selected for pre-processing, compiling, assembling, and linking.

1-3. Create a new C/C++ application project named debugger_app. Use the
board support package named debugger _bsp.

1-3-1. Select File (1) > New (2) > Application Project (3) to open the New Project dialog box.

Alt+5hift+N ¢ Application Project
T SPM Project

Cirle W il Board Support Package
A

Ctrl+Shift+W | -~

Project...

Figure 4-2: Creating an Application Project

1-3-2. Enter debugger_app as the project name.

1-3-3. Ensure that you have UED_hw selected from the Hardware Platform drop-down list as
the SDK tool can manage multiple platforms within a single workspace.
This will populate the Processor drop-down list accordingly.

1-3-4. Ensure that ps7_cortexa9_0 if using the PS or microblaze_0 is selected from the
Processor drop-down list.

1-3-5. Ensure that standalone is selected from the OS Platform drop-down list.
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1-3-6. Select Use Existing and choose an existing BSP from the drop-down list if you have
already created a BSP for this hardware platform; otherwise, select Create New and
enter the name for the BSP as debugger_bsp.

ST ek

Application Project

-
Create a managed make application project. @

Project name: Add Name of the Application per Instructions |

Use default location
Citraining\EmbSysSoft\labs\Introl wip\workspace_zed_noFt| |  Browse...

default

05 Platform: | Select OS Platform per Instructions E]

Target Hardware

Hardware Platfurm:‘ Select Hardware Platform per Instructions lx_]

Processon: ‘ Select CPU Target per Instructions B
Target Software
Language: @C @ Cr+
Board Support Package; reate New
Name of BSP per Instructions
/ se existing
Use New or
Existing BSP
@) < Back Mext > Finish

Figure 4-3: Entering Application Project Information

1-3-7. Click Next to select the template for this application.
1-3-8. Select Empty Application (1).

[=IEIES

Templates -
Create one of the available templates to generate a fully-functioning

application project.

Available Templates:

Let's say 'Hello World' in C. ;I

WwIP Echo Server
Memory Tests
OpenAMP echo-test
OpenAMP matrix multiplication Demo
OpenAMP RPC Demo
Peripheral Tests

RSA Authentication App
Zyng DRAM tests

Zynq FSBL

Select the Application
Template per
Instructions

@ < Back et = I Finish = Cancel |

——

Figure 4-4: Selecting an Application Template (Selection in Figure May Not Match Instructions)

1-3-9. Click Finish to create the new project (2).

As the project is created, the new BSP is compiled and any sources from the templates
are also compiled. The creation of the new project usually takes less than a minute.
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It is common practice to add existing resource files (*.c, *h, *.cpp, etc.) to a
software project. The Eclipse framework requires this operation to be performed
as an import function.

1-4. Add all source (*.c) and header (*.h) files to the application.
The preferred method for importing sources is shown here.

1-4-1. Expand the project named debugger_app > src using the Project Explorer.

1-4-2. Right-click the desired destination directory in the project that you want to place the
resource files (typically the src directory) (1).

1-4-3. Select Import to open the Import Wizard (2).

o Project Bxplorer 32 5] 5 | ¥ ¥ = 3 ||[Gp system
4 125 e _app

corte

Figure 4-5: Importing a Resource File

The Import Wizard dialog box opens.

1-4-4. Expand General (1).
1-4-5. Select File System as you will be selecting individual files directly from the file system
2).

Select \“
Import resources from the local file system into an existing project. E 5

Select an import source:

.+ (= Install
» (= Remote Systems

» = Run/Debug
» (= Team

. —=_(3)

Figure 4-6: Selecting File System

1-4-6. Click Next to advance to specifying the files to import (3).
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1-4-7. Browse to C:\training\systemDebugger\support\src in the From directory field.
1-4-8. Select the file(s) by checking the box beside all source (*.c) and header (*.h) files.

e owm==
File system —
Import resources from the local file system. / /
<A
From directary: |Suurce Directory as Specified in Instructions |v l Browze... l
W] = iasancn,_oates_app IR
(5] s
(5] pos
Select Files to Import / 1) e
gl
g
l Filter Types... ” Select All ” Deselect All ]
Into folder: ‘ Destination Directory as Specified in Instructions | [ Browse...
Options
[7] Overwrite existing resources without warning
[7] Create top-level folder
® .

Figure 4-7: Selecting Resource Files

The Into folder directory will default to the location selected when you engaged the
import function, but you can click Browse to change this location.

1-4-9. Click Finish to import the selected files and close the wizard.

Note: If the workspace has the automatic build option enabled, the project will
automatically build with the new resource files. The Console view at the bottom of the
IDE will show the results of the build.

1-5. Build all of the projects.

1-5-1. Force the building of all applications by selecting Project > Build All.

Run [Proje

ct] XilinxTools Window Help

& -

VC.C

Open Project

Close Project

Build All CtrI+B'

Build Configurations 3
Build Project

Build Waorking Set 3
Clean...

Build Automatically

Make Target 3

picim it adee o

Figure 4-8: Selecting Build All
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1-6.

1-6-1.

1-6-2.

1-6-3.

1-6-4.

Apply power to the board.

Switch the board to OFF to clear memory if it is powered on and has a power slide
switch; otherwise, remove the power cable.

Ensure that you have a correctly imaged SD card if you are using the MicroBlaze
Processor.

The correct SD card images are available from C:\training\systemDebugger\support\
TransUartPins48-49_Bootimage\[ZC702 | ZED]. Copy the BOOT.bin to the root of the SD
card.

MicroBlaze processor users only: Insert the SD card into the development board. This
will configure the PS with a special application to allow UART communications with the
MicroBlaze through the PS.

Note: You may have to change the jumper/switch settings to support JTAG
programming. Many devices, such as the Zyng®-7000 family support JTAG fallback if the
jumpers/switches are set to SD card and no card is present. Other families, such as the
Zynq UltraScale+™ family, need to be specifically configured to boot from JTAG or SD
Card. Refer to the lab setup guide for your board for details.

Slide the switch to the ON position if your board has a power switch (as shown in the lab
setup guide for your board); otherwise, plug the power cable in.

Important note: ZC702 board users can continue with the instructions below to
make a serial connection. ZedBoard users should skip to the instruction 1-9
below that begins with "Launch the Tera Term terminal program" as there are
issues between the SDK tool and the Cypress USB-to-serial driver.

The SDK terminal is an interface that only supports serial port/UART
communications. The more general Terminal tab is able to support other formats,
such as SSH and Telnet.

1-7. Locate the SDK Terminal tab. Generally this tab is found in the same panel
as the console.

1-7-1. Select Window > Show View > Other > Xilinx > SDK Terminal to open the SDK
Terminal tab if it is not currently visible.
This tab typically opens in the same window as the console.
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1-8. Configure the SDK Terminal.

1-8-1. Click the green '+' sign to open the Connect to Serial Port dialog box.

B SDK Terminal 22 @ 4 = 8
"

Click on + button to add a port to the :Errma\.ﬂ.._ -

L """" =l
< o
H o] o

Figure 4-9: Adding/Associating a Port to the Terminal

A pop-up appears asking you to configure the settings for the serial port.

1-8-2. Select the serial port that is connected to the device you want to communicate with (1).

This is the port number associated with the Serial Port/USB connection from your board.

This is often the highest-numbered com port, but not always. Your board must be

powered on in order to see this port.

1-8-3. Set the baud rate to 115200 (2).
1-8-4. Leave the other settings at their defaults.

Basic Setting

-

Baud Rate:

Data Bits: |8 'l
Stop Bits: m
Paty:  [None =]
Flow Control: Im

Timeout (sec):

Cancel |

Figure 4-10: Configuring the SDK Terminal

1-8-5. Click OK to save these settings and begin the terminal session (3).
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Important note: ZC702 board users can skip this next instruction. ZedBoard
users will need perform this instruction to successfully circumvent the issues
between the SDK tool and the Cypress USB-to-serial driver.

Tera Term is a popular public domain terminal emulation program. It is capable
of operating as a serial port terminal or as a telnet client. It is an alternative to
using the Terminal view that is built into SDK.

1-9. Launch the Tera Term terminal program.
1-9-1. Double-click the Tera Term icon on the Windows desktop to launch Tera Term.

Alternatively, you can select Start > All Programs > Tera Term > Tera Term.
1-9-2. Select Serial as the connection (1).
1-9-3. Click the Port drop-down list to view the available COM ports (2).

Note: If your port is not listed, exit Tera Term, power cycle your board and re-start this

step.
1-9-4. Select the COM # discovered in the last step (3).

Note that the ZC702 will show the Silicon Labs driver as shown in the figure below and

the ZedBoard will show the Cypress driver or possibly just a USB Serial Port entry.

O TCPHP myhost.example.com
History
Telnet 22
@ 55H S5H2
o Other UNSPEC
Pnrt:lCOMl:Cnmmunil:atinns Port [COM1] 4' e
COM1: Communications Port [COMT] K
OK__ Com
! COM!: Silicon Labs CP210x USE to UART Bridge [COM

M= Select This COMPort g .|

Figure 4-11: Selecting the COM Port

Note: The COM port setting is specific to the computer being used and may need to be

different than shown. Use the COM port # that was discovered in the previous step.
1-9-5. Click OK.

The terminal console window opens.
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1-9-6.

1-9-7.
1-9-8.

1-9-9.

Select Setup > Serial Port.

Ll comE: baud - Tera Term V

File Edit{] Setup|JControl Window Help
L

s Terminal...
Window...
Font...

Keyboard...
-

Figure 4-12: Opening the Tera Term Serial Port Setup Window

The Tera Term Serial Port Setup dialog box opens.

Confirm that the proper serial port has been selected (1).
Set the baud rate to 115200 (2).

Tera Term: Serial port setu .

Baud rate:

Data:

Parity: none -

Flow control:

Transmit delay

1] msecfchar 1] msecline

Figure 4-13: Setting the Parameters for the Serial Port

Note: The COM port setting is specific to the computer being used and may need to be
different than shown. Use the COM port # that was discovered in the previous step.

Click OK (3).

Tera Term is now configured to receive and transmit serial information to/from the

evaluation board.
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While there are a number of source files in the application project
(hanoiTest_app), there is only one that need concern you now and that is the

Towers_of_Hanoi.c file.

1-10. Open Towers_of Hanoi.c i

n the editor.

1-10-1. Locate Towers_of_Hanoi.c using the Project Explorer pane.

Note: You may need to expand the branches of the tree (project name > src).

1-10-2. Double-click the source file to open it in the editor window.

Alternatively, you can right-click the source file name and select Open.

The Open With option provides access to other editors, including those outside the SDK

tool environment.

[ Project Explorer 52 ER|¥Y =0
=
g Right-Click Source File
> |4c] SDSoC_lab_desff
(iS5G abiesl New
> Open
<

EE

0,
=
2
F
&

Build Selected File(s)
Clean Selected File(s)

Team

are With

Delete

3

3

v | [€ C/C++ Editor
B Text Editor

v | Z System Editor
=| In-Place Editor
Default Editor

Other...

Figure 4-14: Opening a Source File via Right-Click
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Line numbering is off by default, but it can be easily turned on.

1-11.

Turn on line numbering in the text editor.

1-11-1. Open the source file in the editor if it is not already open.
1-11-2. Right-click in the left margin of the text editor.
1-11-3. Select Show Line Numbers.

Right-Click in
the Margin

Toggle Breakpoint
Add Breakpeint... Ctrl+Double Click Uik
Toggle Breakpoint Enabled Shift+Double Click
Breakpoint Properties... Ctrl+Double Click
Breakpoint Types 3

Go to Annotation Ctrl+1 L

Add Bookmark...

HEEEE Then Click |
V. Show Quick Diff Here

Show Line Numbers

Folding
PP g g et "’—h F

Figure 4-15: Enabling Line Numbering

Running the System Debugger Step 2

Note: The hardware design used for this lab contains some Programming Logic
(PL) components that must be programmed. Both the ARM and MicroBlaze
designs require the PL to be programmed.

2-1.

2-1-1.

Program the device.

The bitstream resides within the SDK workspace as it was imported when
the hardware platform was created.

Select Xilinx Tools > Program FPGA or click the 2% icon.
The Program FPGA dialog box opens.

The default bitstream is the bitstream that is part of the collection of files that was
exported from the Vivado Design Suite.

The BMM/MMI file is used to describe how block RAM memory clusters are loaded with
instruction and/or data information that is contained as part of the bitstream. The BMM
format is used in older versions of the tool, while the MMI format is used in newer
versions of the tool. Typically, Zynq All Programmable SoC-only designs do not require a
BMM/MMI file, and MicroBlaze processor designs do require their use.

ELF files, under the Software Configuration section of the dialog box, are also related to
BMM/MMI usage. If no BMM/MMI file is specified, then this section will remain empty.

© Copyright 2016 Xilinx



Lab 4: System Debugger

Lab Workbook

2-1-2. Keep all default settings and click Program to program the programmable logic portion

of the device.

E Program FPGA

=)

Program FPGA

Hardware Configuration

Specify the bitstream and the ELF files that reside in BRAM memary

2

Hardware Platform: |

Automatically Populated I_-]

Connection: [Local V][ Mew ]
Device: Auto Detect

Bitstream: I

Automatically Populated

I [Search...] [Browse‘. I

BMM/TAMI File: I

Conditionally Populated

I[Search...] [E\rowse‘.l

Software Configuration

Pracessor

ELF File to Initialize in Block RAM

| Conditionally Populated |

]

1
Run reset_zynqpl

ﬁ Conditionally I
@:‘ Set [ Program ]] Cancel

3

Figure 4-16: Programming the FPGA

It will take about a minute to configure the programmable logic. A progress bar will
appear to show how far along the programming process is. Typically, the progress bar
will pause near the halfway mark for a few seconds before completing the configuration.
The result of the FPGA configuration can be viewed in the SDK Log tab at the bottom of

the IDE.

If you are programming a MicroBlaze™ softcore processor on a Zed or ZC702
Development Board a warning indicating that there is not a PS in the design will be
presented. Read the warning and click OK to dismiss it. The design does not use any PS
managed or initialized resources.
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With the SDK environment configured, you will now enter SDK's debugging
mode in which you can both control and observe the behavior of the code.

A Debug configuration defines how you want the system to work when
performing a debug operation and maps an ELF object file to a target for
execution. Typically, a debug operation switches to the Debug perspective. While
there are a significant number of switches and options, the most common are
shown below.

2-2. Set up a debug configuration for a specific application project.
2-2-1. Right-click the application project that you want to build the Debug configuration for
from the Project Explorer pane (1).

2-2-2. Select Debug As to open the menu of predefined configurations and the configuration
manager (2).

2-2-3. Select Debug Configurations to view all the available debug options (3).

L) Project Explorer {3 = O[lg systemaxml B system.mss |6 "csp_exerciser_main.c 22
— o e - e ——— o -

=
" L e ALl

ncount " 1 :

™ New \ / »

Go Into » . 03000 iy

Open in New Window

L
=
=d
P SUPSNEE T BT SRR "
<

SHOW 1 JySiems vies.

Convert To... l
Runds Qi ————
@bug As 2L, 1 Launch on Hardware (GDB)
Profile As . » §  2Launch on Hardware (System Debugger) (
Team . [€] 3Local C/C++ Application
Compare With l: » | $7 4 Remote ARM Linux Ap@

Restore from Local History... ‘Ac Debug Configurations...

%’ Run C/C++ Code Analysis

- ‘\.."‘ Nl it M St mmrtia sttt s “/

Figure 4-17: Creating a Debug Configuration

The Debug Configurations dialog box opens.
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2-2-4. Double-click Xilinx C/C++ application (System Debugger) to create a launch
configuration (1).

Alternatively, you can select Xilinx C/C++ application (System Debugger) and click the
New configuration button.

If this is the first debug configuration being created for the project, a welcome type
dialog opens. If one or more configurations exist, then the last open configuration will be
displayed. In either case, a new configuration can always be added. Existing
configurations are shown in the left pane and can be selected for debugging.

@ Debug Configurations

Create, , and run config

Run ar Debug a program using System Debugger.

Alternatively Click

e = — the New Icon Configure launch settings from this dialog:
type filter text - Press the "New' button to create a configuration of the selected type.
FA performance Analysis

[E Target Communication Framewaork
L. Xiline C/C++ application {GDB)

£ il C/Ca+ application (Systam Debugger on QEMU) - Press the 'Filter’ button to configure filtering options,
(T ilineC/C+ application (System Debug%

- Press the 'Duplicate’ button to copy the selected configuration.

- Press the 'Delete’ button to remave the selected configuration.

% (i

- Edit or view an existing configuration by selecting it.

Canfigure launch perspective settings fram the 'Perspectives’ preference
page.

Double-Click to Create a
New Configuration

Filter matched 5 of 15 items

)]
L/

Figure 4-18: Creating a New System Run/Debug Configuration

A new Debug Configuration is created named System Debugger using
Debug_debugger_app.elf on Local (2).

\ Contquranions =]
Create. manage. and run configurations
Run or Debug 3 program using System Debugger. w
= 2
xlew- Name:
@ Target Setup [ Application) ¢ Arguments 8 Environment| 5» Symbol Files| 4 Source| & Path Map| [0 Common.
3 Performance Analysis
Debug Type: |Siandalone Appiication Debug_~
Connection: | Local = New
Default Hardware Platform
Bitstream File: Leave at Default Search.. Browse. Generate
nitialzation File: Leave at Default Search. Bromse...
FPGA Device: Auta Detect Select.
PS Device: Auta Detect Select..
Summary of operations to be performed
Un-Check for No operatians wil be performed with the cuent debug configuratian.
MicroBlaze
Designs Only
Filter matched 6 of 13 items Revert Apply
? O e =

Figure 4-19: Run/Debug Configurations Dialog Box (Zynq AP SoC)

The new configuration will appear with other existing configurations and have the name
of your application. You will also note that a number of fields are automatically filled in
for you using the name of your application as the basis (that is, if your application is

named "XYZ", then the Name field will be populated with XYZ Debug.) Most users will
leave the other settings at their default.
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2-2-5. Deselect the Run ps7_init and Run ps7_post_config options (3) if you are targeting a
MicroBlaze processor design on the Zynq All Programmable SoC.

This is to prevent the tools from automatically trying to configure the underlying Zynq
AP SoC platform, even though a MicroBlaze processor is targeted.

2-2-6. Click Debug to close the dialog box and launch the software application on the
hardware evaluation board (4).

If the Confirm Perspective Switch dialog box appears, click Yes.

m Confirm Perspective Switch &J

'o' This kind of launch is associated with the Debug perspective,
 This Debug perspective is designed to support application debugging, It
incorporates views for displaying the debug stack, variables and breakpoint

rmanagement,

Do you want to open this perspective now?

Rernember my decision

Figure 4-20: Confirming Switch of Perspective

The Debug Perspective view opens.
You will now use the debugger to perform the two basic tasks of debugging: controlling
execution and inspecting and modifying memory.

Question 1

At this point is the application running or halted? If it is halted, where and why?
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Place a breakpoint at the portion of code where the number of disks is retrieved
from the user (on or about line 128). The user's entry is converted from a string to
a number using the function strtol. This allows the code to perform any
initializations and lets you start getting into the algorithmic portion of the code
without having to perform a lot of single steps.

2-3.

2-3-1.

2-3-2.
2-3-3.
2-3-4.

2-3-5.

Find strtol(.

The find/replace operation is accessible through both a click sequence and a
keyboard shortcut.

Select Edit > Find/Replace or press <Ctrl + F>.
The Find/Replace dialog box opens.

== Find/Replace l":' E] |
Find: [ -
Replace with: -
Direction Scope
@ Forward @ All
Backward Selected lines I
Options
Case sensitive (| Wrap search
Whole word Incremental
Regular expressions

Close

Figure 4-21: Default Find/Replace Dialog Box

Enter strtol( in the Find field.
Click Find or press <Enter> to find the next occurrence of strtol(.

Continue clicking Find or pressing <Enter> until you locate the specific instance that
you are looking for.

With the Wrap search option enabled, the file is treated as a continuous loop and the
find operation will jJump to the next occurrence at the top of the file (when searching
forwards) or at the bottom of the file (when searching backwards). A "ding" sound is
made when the search wraps around.

If you are looking for text within a specific region of the code you would first highlight
the region to perform the search in, then launch the Find/Replace function as described
in this topic.

Click Close to close the Find/Replace dialog box.
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Since you are now preparing to set the unconditional breakpoint, open the
Breakpoints view so that you can see all the existing breakpoints as well as the
new breakpoint that you will create.

2-4. Open the Breakpoints view (tab).

2-4-1. Select the Breakpoints tab to see all of the automatically generated breakpoints as well
as any breakpoints that you have created.

Tip: If you click the X in the tab, the tab will close. To reopen the view, select Window >
Show View and select the view that you want to open.

| (5] .,

Quick Access w5 ‘ IE C/C++ |45 Debud

' Expressions Hif Registers [ XMD Cons.. B XSDB Cons.. =i Modules ~— Bz

Figure 4-22: Locating the Breakpoints Tab

2-5. Add a breakpoint at the current line.

2-5-1. Right-click the left margin in the editor on the line containing the function call to strtol.
2-5-2. Select Add Breakpoint or Toggle Breakpoint.

If you select Add Breakpoint, then the Breakpoint Properties dialog box opens. Here you
can specify the details for this breakpoint if necessary to create a conditional breakpoint.

If you select Toggle Breakpoint, then a simple breakpoint will be created (or removed if
one already existed) on the line you specified using default breakpoint properties.

J Right-Click

Ctrle Shift<E
Ctrl+Double Click
Add Dynamic Printf... f «~ Properties for C/C++ Line Breakpoint SNIEEL X |
= , )
p Commen i
Breakpoint Types E:Dr::mn Class: C/C++ Line Breakpoint
Build Selected File(s) Type:
Clean Selected File(s) File:
Go to Annotation Line number:
Enabled

Add Bookmark...
Add Task... Cendition:

Ignore count: 0
" Show Quick Diff

v Show Line Numbers
Folding

Preferences...

|:';?:- [ 0K ] l Cancel

Figure 4-23: Adding a Simple or Conditional Breakpoint

2-5-3. Click OK to create the breakpoint if Add Breakpoint is selected.
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2-6. Run to the next breakpoint.

2-6-1. Click the Resume icon (IF) or press <F8> to continue operation.
The application will run until:
o An unconditional breakpoint is met,
o A conditional breakpoint whose condition is satisfied is met, or
* The user halts (H) or pauses (L) execution

Notice that in the SDK Terminal or the Tera Term Terminal several messages have
printed out. One is the welcome message from the application, and another is a request
for you to enter the number of disks you want to solve for in this run.

2-7. Run a two-disk solution.

2-7-1. Type the following into the terminal (this is NOT a misprint):

3 <Enter>

Notice that the program execution has halted which is indicated by the green
highlighting of the line containing the breakpoint.

Since the function strtol() is known to be working correctly, you can step over it.

2-8. Step OVER the strtol() function.
2-8-1. Click the Step Over (=) icon or press <F6>.
The Step Over icon can be found in the icon bar below the Run entry in the menu bar.
ok T i
Step Over (Fo)

Wait a minute—didn't you want to run only a two-disk solution? But you entered a 3!

Question 2

How can you "go back" and ask for only a two disk solution?

84 www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
© Copyright 2016 Xilinx



Lab Workbook Lab 4: System Debugger

2-9. Change the value of the variable number_of disks from 3 to 2.
2-9-1. Select the Variables tab.

This tab typically appears in the upper-right window. If it is not available, select
Windows > Show View > Variables.

MNew Window
Editor 4
Hide Toolbar

% 4 - v wvts v w

¥ = O |w=Variables 2 | % Breakp:

2 ‘ Show View ) v & Ant
erspectve +| ® Breakpoints Alt+Shift+Q, B
Navi ;' \ B Conscle Alt+Shift+Q, C
avigason
: N UL gt ey o
A & aasks !
+ < 5)); .'. Tace Control
’ o] L] -
) =)= Variables AIt+Sh|ﬂ+QD
-cti ;ch YU }ii Other... Alt+Shift+Q, Q

Figure 4-24: Making the Variables Tab Visible

2-9-2. Click in the cell on the row named number_of disks in the Value column.

% Breakpoints it Registers [# XMD Console &l X3

'
Name Type Value
¢9- number_of_disks w @
(= ¢ char "\t '
: (= user_selection char [5] "3\008\377\377\008" 4

9= position i

nt 1
‘(X]W / iv %”ﬁ.—' }
Figure 4-25: Selecting the Variable Value to Change

2-9-3. Type in the following:

2 <Enter>

You have now successfully changed the value of number_of disks to 2.

2-10. Run the code up to the point where the do_hanoi() function is called.
2-10-1. Locate the function do_hanoi using the search method shown above.

Note that this is the call to do_hanoi() in the main(), not the function prototype or
function definition.

2-10-2. Set a breakpoint on that line.

2-10-3. Click the Resume ( " ) icon or press <F8> to run the code to that point.
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2-10-4.

2-11.

2-11-1.

2-11-2.

2-11-3.

Type the following when the application asks to show the solution:

Y <Enter>

Note that Tera Term does not require the <Enter>. The SDK terminal required the
<Enter> or clicking the Send button.

This option shows each individual step used to solve the Towers of Hanoi problem by
illustrating from which tower the disk is pulled from to where it is deposited.

Sometimes, for very large numbers of disks, the output to the serial port can significantly
slow the execution of the code. This is where the "N" option is worthwhile as it will tell
you the number of steps required to solve the puzzle, but not the steps themselves. This
feature is used to illustrate how stack overflow situations can be debugged.

Step into the do_hanoi() function to inspect the code.

Click the Step Into (=) icon or press <F5>.

The first line of code is a protection against a zero or negative number of disks.
Use either the Step Into or Step Over icons to execute this line of code.

The next line of code is the first recursive call to the do_hanoi() function.

Notice the current debug stack (you will need to note the call stack in order to answer
the next question).

Click the Step Into (Z-.) to enter the first recursive call of do_hanoi.

Question 3

What changed in the Debug (call stack) window?

Question 4

What changed in the Variables tab?
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Question 5

Should you continue stepping into or stepping over this function?

2-11-4. Click the Resume ( " ) icon or press <F8> to finish executing this function.

The code continues to execute and displays the solution in the SDK Terminal window.

Question 6

Do you agree with the solution for the two disk problem?

Question 7

What are your choices regarding stopping at a point deep inside a recursive function (or loop)?
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Now consider the situation where the number of disks is large and you want to
see what is happening at the end of the recursive processes.

2-12. Set a conditional breakpoint on the first recursive call to do_hanoi() so that
the breakpoint becomes active when the value of N is less than 3.
2-12-1. Locate the line (near line 179) which reads:

do hanoi (N-1, from, using, to, show solution);

2-12-2. Right-click in the left margin to open the context menu.
2-12-3. Select Add Breakpoint (rather than Toggle Breakpoint).

Right-Clicke 15,

r| 123 dn_hannifN-1 usine tn from show solution);

N wateIne NL(to);

..'A Togale Breakpoint Ctrl+Shift+B
Ctrl+ Double Click

Add Dynamic Printf...
Enable Breakpoint Shift+Double Click

l E-‘iaoo nt Propert esr # fji\ ble Click |
Figure 4-26: Adding a Conditional Breakpoint
The Breakpoint Dialog box opens.

2-12-4.Set the Condition field to N < 3 (spaces are ignored).

S Properties for C/C++ Line Breakpoint e X

Common Common = e

Class: C/C++ Line Breakpoint
Type: Regular A
File:

Line number:

| Enabled

Condition: N<3

Ignore count: 0

@ [ OK l ‘ Cancel ‘

Figure 4-27: Configuring the Conditional Breakpoint

2-12-5. Click OK to set the conditional breakpoint.

Note: This breakpoint's conditions can be changed by using the Breakpoint Properties
entry in the pull-down menu or by right-clicking the breakpoint in the Breakpoint
window and selecting Breakpoint Properties.

Question 8

How can you tell if a breakpoint is conditional or not?
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2-13. Disable all other breakpoints other than the conditional breakpoint that you
just set.

2-13-1. Select the Breakpoints tab.

2-13-2. Uncheck all of the breakpoints other than the conditional breakpoint and the [function:
main] breakpoint and the [function: _exit] breakpoint.

If you uncheck the [function: main] breakpoint, the next time you restart the debug
session, the code will run until one of your active breakpoints is reached. It will not stop
at the first executable line of code.

Note: This process disables the breakpoint, but it does not remove them. You can
permanently remove a breakpoint by selecting the breakpoint in the Breakpoints window
and clicking the 'X" icon (remove breakpoint).

2-14. Run another data set through the application by using 12 disks.
2-14-1. Enter the following into the SDK terminal:

12 <Enter>

Y <Enter>
The code is executed and stops when N becomes less than three in the do_hanoi()
function.

Question 9

Did the conditional breakpoint work?

2-15. Continue running the code, skipping the remainder of the breakpoints.

2-15-1. Click the Skip All Breakpoints (&) icon to instruct the debugger to ignore the remaining
breakpoints.

2-15-2. Click the Resume icon (™) to run the application to the beginning of the next data set.
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You have probably stumbled across a variable called buffer_space. This array is
used to detect stack overflow. While learning how to detect stack overflows is not
the focus of this lab, you will use this variable to practice monitoring memory
locations.

A brief explanation of how this is used to detect stack overflows: The way the
linker script is written, global variables sit adjacent (and in lower memory) to the
stack. Therefore, if the stack overflows (stacks grow toward lower memory) it will
begin to overwrite the values in this buffer.

To test for stack overflows, the buffer is filled with a known value prior to the
stack-intensive function do_hanoi() being called. After the call to do_hanoi() is
made, the buffer is scanned for any changes in value. If a change is detected, it
will be due to the stack overflow.

From a practical standpoint, this is easily remedied by either putting limits on
how many disks can be used in the simulation, and/or enlarging the stack, which
is accomplished by modifying the linker script and is the subject of another lab.

2-16. Find the memory location of the array variable buffer_space and monitor
that memory location.

Since the variable buffer_space is located in global memory, it cannot be
seen by using the Variables tab.
2-16-1. Select Window > Show View > Expressions to make the Expressions tab visible.
2-16-2. Click the green Add New Expression icon to define the new expression to monitor.
2-16-3. Type the following:

buffer space <Enter>

2-16-4. Click the entry for buffer_space to see the pertinent information below the expressions

table.
= Variables ®e Breakpoints €< Expressions i }if Registers [ XMD Cons.. Bl XSDB Con.. =i Modules — O '
tE| S+ RXFH|ITA T
Mame Type Value
» [ buffer_space unsigned int [1024] [oxBEOAFfff, Ox@EEOffff, 0x0... .
o2 Add new expression b
|BxuuggttFF, Bx8 oun 11, BxBE0FFT, Bx_ov af . xpyaat, Jugt off, BxB088Ff++, Bx08uuT v, dXowdBt
ize: - unsigned int [1024] =l
Address: 6x103080 -
4 I »

Figure 4-28: Locating the Address of a Variable in the Expressions Window

Note: Your address may differ.

90 www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
© Copyright 2016 Xilinx



Lab Workbook

Lab 4: System Debugger

2-16-5.

2-16-6.

2-16-7.

2-16-8.

2-16-9.

Note the memory address of the variable as you will be using it shortly.

Note: The address is in hex and begins with Ox. You may need to scroll down to see the
address or expand the window. You could have also retrieved this information by
hovering the mouse over the buffer_space variable name in the source code.

Select the Memory tab.

The Memory tab is typically located in the same window as the Console tab, but is
sometimes found in the same window as the Breakpoints tab. Remember that these tabs
can be relocated for your convenience.

If the Memory tab is not available, select Window > Show View > Memory.

Click the green &' sign in the Memory tab toolbar to add a memory monitor.

The Memory Monitor dialog box appears, requesting the address to be monitored.
e

Enter address or expression to menitorn:

== Monitor Memory

-

@ [

Cancel I

Figure 4-29: Monitor Memory Dialog Box

Enter the hex address that you previously obtained for the buffer_space variable into the
dialog box.

Remember to type the address as a hex value by using the Ox prefix.

Click OK to begin monitoring this location in memory.

A
4 Expressions 11
- X
Name Type Value
o+ (® buffer_space unsigned int [1024] (000007 FFF, 0x0G,
" % Add new expression

’.‘ I( , A £, , BBt
"\ _Size: 4895 hgtes Tyge: unsigned int [1024]
st Ll p b ol i i I
. u .
K o erinnh
[ SDK Lag n\wc-nurf.“ =~ |8 =B
Monitors L*° % % % [0x108080 : 0x108080 <Hex Integer> 4 New Renderings
& 0x108080 Address @ - 3 a-7 8 -8 C-F
eo1080s0 [ aa F
00108090
00108040
00108080
001080C0

PrrotiSoonttigeniiighons
Figure 4-30: Looking at buffer_space in Memory

As can be seen in the Memory window, the value at address 0x108080 has a hex value of
Ox0000FFFF, which is equivalent to 65537 decimal.

Note: Your address values may not be exactly the same as in this example.
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2-17. Modify the value of a memory location.

This will inject a deliberate error into the buffer_space variable and should
be detected and reported when the code is run.

2-17-1. Double-click the cell at the intersection of the fourth row beneath the buffer space
address and 4-7 with the Memory window still open.

This is an arbitrary location within the buffer_space.

2-17-2. Enter the arbitrary value 80 as shown below.

E]SDK Log @ Memory 52 | 0 o | CE) e
Monitors % % %% [0x108080 : 0x108080 <Hex Integer &2 g
@ 0w108080 Address A -3 4 -7

0108080 OOOOFFFF  BROOFFFF
0108090 OROOFFFF  BROBFFFF
ETETRTE

001080A0 BROBFFFF
0e1080B6 J BOOOFFFF
001080C0o BOOBFFFF

00103000 QOBAFFFF  QOBAFFFF
091030Ea_ QOQAFFFE__ Q@BAFEFF

e ﬂl"“~l“ﬁl'--"11.1"-“:
Figure 4-31: Changing the Value of a Cell within the buffer_space Array

2-17-3. Press <Enter> to commit this value to the array.

2-18. Run another 12 disk simulation to test the behavior of the changes made to
the buffer_space array.

2-18-1. Enter 12 as the number of disks.
2-18-2. Enter N for Show solution.

This will make the simulation run much faster as there is little serial output to slow the
processor down.

Question 10

Was an incursion into the buffer space found?
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2-19. Close the Xilinx SDK tool.
2-19-1. Select File > Exit to save the SDK configuration and exit the tool.

If you have not configured your workspace to not request confirmation on close, a dialog
box will appear confirming that you wish to close SDK.

You have the option to set SDK to never ask you for exit confirmation.

Click Yes if this dialog box appears to conclude the saving of the SDK configuration and
exiting of the tool.

Summary

You have just completed the basic introduction to the System Debugger tool. You controlled
execution through single-stepping and setting breakpoints and monitored and changed
variables and memory.

While there are some additional features available, this lab covered enough capabilities of the
tool for you to be successful in debugging your software applications.
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Answers

1.

At this point is the application running or halted? If it is halted, where and why?

The debugger automatically runs the code until a breakpoint is reached. As part of the
debug configuration, a breakpoint is automatically inserted on the first line of executable
user code. By the time you begin interacting with the debugger, you will see that the
execution has paused at the first line of your code.

When applications are running, none of the variables, expressions, memory, etc. are visible.
When the application is paused or suspended, a green bar appears on the next line of code
to be executed.

How can you "go back" and ask for only a two disk solution?

There are two basic methods: First, you can start the application all over again (re-launch),
which is not a bad solution at this point. However, if this were a much larger/longer process
you might lose a lot of time re-entering information until you got to this point.

Another solution is to view and modify variables. This is a quick and easy process.
What changed in the Debug (call stack) window?

The following is a side-by-side illustration of the before and after calls to do_hanoi():

45 Debug 5 %5 Debug
4 ;. Systemn Debugger on Local hanoiTest_app.elf (Local) 4 ¥, System Debugger on Local hanoiTest_app.elf (Local)
4 @ APU 4 i APU
4 ARM Cortex-A9 MPCore #0 (Step Over) a|# ARM Cortex-A9 MPCore #0 (Step Into)
do_hanoi(): ./src/Towers_of_Hanoi.c, line CE do_hanoi(): ../src/Towers_of_Hanoi.c, line D

main(): ./src/Towers_of Hanoi.c, line ﬁ

_start()

do_hanoi(): ../src/Towers_of_Hanoi.c, line
main(): ../src/Towers_of Hanoi.c, line
_start()

+® ARM Cortex-A9 MPCore #1 (Running)

- @ xc?iE}ZO 7= b = N - > 2 ARM Cortex-A2 MPCore #1 (Running)

P xc77020

baagy 4y B4 W44

Figure 4-32: Before-and-After Call to do_hanoi()

Notice that another instance of do_hanoi() appears in the call stack. This call stack represents
all the different functions that have been pushed onto the stack. If you notice the _start() or

_main() disappearing from this stack, it means that the stack has become corrupted and

needs more space, which can be controlled via the linker script.

What changed in the Variables tab?

Any variable that changes value since the last time the debugger was suspended is
highlighted in yellow.
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5. Should you continue stepping into or stepping over this function?

Since there is only a small number of disks, you will only need to click a few times before the
solution is displayed.

If you were satisfied with the behavior of the function and there were a large number of
disks (and therefore an exponentially large number of clicks) you might want to "step return”
from this function. The step return will execute the remainder of the code in the function and
stop when the calling function is reached.

6. Do you agree with the solution for the two disk problem?

Here is what's happening:

~ 7~
( |
1 2 3

1 2 3

Figure 4-34: Result of First Move and Second Move

~ 7~
( |
1 2 3

Figure 4-36: Done!
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7. What are your choices regarding stopping at a point deep inside a recursive function (or
loop)?

There are three basic approaches:

e You can single step through the process. This is the least desirable case as it requires a
lot of clicking and there is a chance that you might miss the point you want to stop at.

e You can add a line in your source code that tests for a specific condition and you would
have a useless (null) statement inside the true block of the test. You would then set a
breakpoint on this useless line of code. The downside to this is that it requires you to
add more code, then remove it after the debug session.

e You can use conditional breakpoints. The only downside is that the evaluation of the
expression is done by the debugger and may slow down the execution of the program.

8. How can you tell if a breakpoint is conditional or not?

There are two basic methods. If the breakpoint is conditional, then:

e There will be a small question mark next to the breakpoint icon that is visible in both the
editor and the Breakpoints tab.

e In the Breakpoints window, there will be the display of the condition alongside the
breakpoint name and line number.

*)=Variables | % Breakpoints &2 | iiii Registers [ XMD Console E

& [function: _exit]
& [function: main]
e Towers_of Hanoi.c [line: |
ML o Towers_of Hanoi.c [line: |
@ owers_of_Hanoi.c [line:

Figure 4-37: Identifying Conditional Breakpoints in the Breakpoint Tab
9. Did the conditional breakpoint work?

You can verify the value of N in the Variables tab. If the answer is less than three, then the
breakpoint worked properly.

10. Was an incursion into the buffer space found?

Yes, it was found in the 14th word from the base and the value of the incursion was 128
(which is equivalent to 0x80).
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Lab 5: Application Development

Zynq All Programmable SoC ZC702 or ZedBoard

2016.3

Absract

The Xilinx Software Development Kit (SDK) is a powerful tool to help accelerate your software
development. This lab demonstrates how to create a simple software application project. The
source files for a software loop-based stopwatch are provided and you will fix the code.

Objectives

After completing this lab, you will be able to:

e Create an SDK software application project

* Navigate Xilinx processor peripheral hardware documentation
e Navigate device driver API documentation

e Implement a Level O device driver

e Download and run an application on development hardware

Introduction

The software loop-based stopwatch application is mostly written, but it lacks the code to
initialize the data direction of two general-purpose I/O peripherals (axi_gpio) as either inputs or
outputs. One of the five peripherals is for the directional pushbuttons on the FMC-CE I/O board,
which you will configure as inputs. The other GPIO drives the LEDs, which you will configure as
outputs.

It is your task to find and use the correct Level O driver calls that set I/O direction, requiring you
to search the hardware and device driver documentation. In this lab, these calls are #define
macros that have low overhead and execute quickly. The axi_gpio is one of the most popular
processor peripherals, so much of what you learn here will be useful in future projects.

General Flow

Step 1: Step 2: Step 3: Step 4:
Creating an = Adding a = F|r?|sh|ng & = Conflgur.mg
SDK Tool 7| Software ~ | Building the | and Testing

Workspace Application Application the App.
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Creating an SDK Tool Workspace Step 1

The first step in this lab is to create an SDK software workspace.

The working directory is where all of the projects (hardware platforms, board
support packages, and applications) are stored. This workspace can be placed
virtually anywhere. When information is exported from the Vivado® Design Suite,
the workspace is created deep within the Vivado Design Suite's hierarchy. You
will use a workspace located near the top of the hierarchy for two reasons: first, it
is easier to access (fewer clicks), and second, projects are more easily shared.

You will use C:\training\appDev_standAlone\lab as the SDK workspace. A
hardware project has been built and the exported files are available as a starting
point for this lab.

Once SDK is launched and a workspace is set up in this directory, you will not be
able to move these directories.

1-1. Launch the SDK tool and set the workspace.

1-1-1. Select Start > All Programs > Xilinx Design Tools > SDK 2016.3 > Xilinx SDK 2016.3
to launch the tool.

Alternatively, you can launch the tool from its desktop shortcut, if available.
The Workspace Launcher opens after a moment.

The SDK tool creates a workspace environment that initially only contains a thin structure
that tracks tool settings and maintains the SDK tool log file. In SDK, as projects are
added, this workspace will update to include hardware projects, BSPs, and your software
applications. Workspaces can be switched from within the SDK tool (select File > Switch
Workspace).

If it becomes necessary to move a software application to another location or computer,
use the import and export features. Manually copying files is not recommended as
workspace files are set to use absolute path names and this will cause the tool to
become unstable.

The default location for the SDK software workspace (when launching from within the
Vivado® Design Suite) is the root directory of your hardware project; however, a long
path name can lead to problems on Windows-based machines. There is no default
location for the tool projects. Placing your project at the root level or one hierarchical
level below helps keep the path names as short as possible and is recommended.

Many of the Xilinx labs do not follow this guidance as it is important to keep a
predictable structure through the various courses and labs. These labs have been tested
to ensure that path name lengths do not cause problems.
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1-1-2. Enter C:\training\appDev_standAlone\lab into the Workspace field or use the Browse
button when the Workspace Launcher opens.

Note that when you use the Browse button, you will need to select the
C:\training\appDev_standAlone\lab directory and click OK.

@ Workspace Launcher &J

Select a workspace

Kilinx SDK stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

i

Workspace: I Use the Workspace Specified in the Instructions I - | Browse...

Use this as the default and do not ask again

Figure 5-1: Setting Up the Workspace Environment Path

1-1-3. Click OK to close the Workspace Launcher dialog box and open the new workspace.

A workspace location and hardware platform are created when the Export Hardware
Design for SDK command is performed from the Vivado Design Suite (or they can be
created manually). While not a requirement, it is a good idea to keep the related files

together.

Note that SDK must associate with a hardware system that has been previously exported
so that an appropriate software platform or board support package can be built.
However, the SDSoC™ development environment can take advantage of available
platforms (for ZC702/ZedBoard). The hardware platform can be created for your custom
hardware.

Usually, a platform provider builds the platform hardware using the Vivado Design Suite
and IP integrator. For more information on platform creation, refer to the "SDSoC
Platform Creation" topic cluster.

When the SDK tool is launched on its own, you must manually identify where you want
the workspace and create (or import) the necessary hardware description to begin
developing an application.

1-1-4. Close the Welcome tab if it appears.

This will give you more room to view your project. You may also want to maximize the
SDK window, as there will be a lot to see.
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The hardware platform specification contains a thorough description of the
hardware design: what types of processors are present, active peripherals in the
PS and PL for Zynq® All Programmable SoC-based systems or a list of all
peripherals for a non-Zynqg All Programmable SoC system, a full system memory
map, etc. Based on this description, software such as the board support package
(BSP) and application can be tailored to the hardware.

1-2. Create the hardware platform specification.

1-2-1. Select File (1) > New (2) > Other (3) to see the Xilinx-specific options.

Refactor Navigate Search Project Xilinx Tools Run  Window Helj

&) Application Project
3 SPM Project
Close . CtrlsW lif, Board Support Package
Close Al & Cubeshifeewy | [ Project-
- %  Source Folder
Save Ctrl+S
K % Folder
Save A N .
Save Al TUeaa, Cirl+-Shift-5 | (S OUrCEFTe
Revet e, K Header File
*e, | [9 Filefrom Template
Move... "L o
P = ©
&1 Refresh o

Convert Line Delimiters To 3

Print... Ctrl+P

Figure 5-2: Accessing the New Wizards

The Select a Wizard dialog box opens. Here you can select one of many different wizards.

1-2-2. Expand the Xilinx folder (1).
1-2-3. Select Hardware Platform Specification (2).
T ==

Select a wizard

Wizards:
type filter text

—
1 Y, & Remote System Explorer
Kilinx

&) Application Project

Figure 5-3: Selecting the Hardware Platform Specification Wizard

1-2-4. Click Next to open the New Hardware Project dialog box (3).

The New Hardware Project dialog box opens. Here you will be able to specify a project
name and the hardware description file that was exported by the Vivado Design Suite.

100 www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
© Copyright 2016 Xilinx



Lab Workbook Lab 5: Application Development

1-2-5. Enter UEDfull_hw in the Project name field.

1-2-6. Browse to the C:\training\appDev_standAlone\support directory under the Target
Hardware Specification region and select the UEDfull_[zc702 | zed] file.

New Hardware Project =
.
Provide the path to a hardware specification file. H
L
Project name: | Enter the Project Name Here
Use default location
o
default
Target Hardware Specification
Provide the path to the hardware specification file exported from Vivade.
This file usually resides in SDK/SDK_Export/hw folder relative to the Vivado project location.
The specification file and associated bitstream cantent will be copied into the workspace.
Path to the HDF File Goes Here | Browse..
» Bitstream and BMM/MMI Files
o

Figure 5-4: New Hardware Project Dialog Box

1-2-7. Click Finish to create the new hardware project.

Adding a Software Application Step 2

Now you will generate the software platform for the hardware and an empty
software project. Then you will import existing C source files into the project and
SDK will automatically build and produce an Executable and Load Format (ELF)
file.

You will examine, but not change, the board support package (BSP) platform
options. Nearly complete C source code and associated LCD drivers are provided
which you will add to the project. Then you will generate a linker script and
configure the compiler options.

As a first step in a new software environment, a software platform must be built
to contain a library of system and processor services, as well as device drivers for
the hardware peripherals that make up the system. Once a software platform has
been built, then a software application can be written. Xilinx provides the
Software Platform Wizard to accomplish this task.

Using the Application Project Wizard is a quick way to set up a C or C++ software
application project that targets an existing processor and OS platform
(Standalone or Linux). You can automatically generate the board support package
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(BSP) or select an existing one. Based on the dialog box choices, the appropriate
tool chain is selected for pre-processing, compiling, assembling, and linking.

2-1.

Create a new C/C+ + application project named appDev_app. Use the board
support package named UEDfull_bsp.

2-1-1. Select File (1) > New (2) > Application Project (3) to open the New Project dialog box.

2-1-2.
2-1-3.

2-1-4.
2-1-5.
2-1-6.

2-1-7. Click Next to select the template for this application.

it Scurce Refactor Mavigate Search

Project  Xilinx Tools Run Window Help’

Attshift-N > (G Application Project

"-,“"__.-'VE SPM Project
i, Board Support Package

Ctrl+W

CtreShiftew | L2 Profect-

Figure 5-5: Creating an Application Project

Enter appDev_app as the project name.

3

Ensure that you have UEDfull_hw selected from the Hardware Platform drop-down list
as the SDK tool can manage multiple platforms within a single workspace.

This will populate the Processor drop-down list accordingly.

Ensure that ps7_cortexa9_0 is selected from the Processor drop-down list.

Ensure that standalone is selected from the OS Platform drop-down list.

Select Use Existing and choose an existing BSP from the drop-down list if you have
already created a BSP for this hardware platform; otherwise, select Create New and
enter the name for the BSP as UEDfull_bsp.

Application Project

Create a managed make application project.

ST e

s

Project name: Add Name of the Application per

Instructions ‘

Use default location

default

Ci\training\EmbSysSoft\labs\IntroLwip\workspace_zed_nol

Ft Browse...

05 Platform: ‘ Select OS Platform per Instructions B
Target Hardware

HardwarEP\atfurm:| Select Hardware Platform per Instructions ﬂ
Processor | Select CPU Target per Instructions B
Target Software

Language: @C O

Board Support Package; reate New
Name of BSP per Instructions
se existing

Use New or
Existing BSP

Py
@ < Back Mext > Finish

Cancel

Figure 5-6: Entering Application Project Information

102

www.xilinx.com
© Copyright 2016 Xilinx

& XILINX » ALL PROGRAMMABLE.



Lab Workbook

Lab 5:

Application Development

2-1-8. Select Empty Application (1).

80K New Project

Templates

Create one of the avaiable templates to generate a fully-functioning

application project.

=lolx|

S

Available Templates:

Let's say "Hello World' In C. =]

wiIP Echo Server
Memory Tests
OpenAMP echo-test
OpenAMP matrix multiplication Demo
OpenAMP RPC Demo
Peripheral Tests

RSA Authentication App

Zynq DRAM tests
Zynq FSBL

Select the Application

Template per
Instructions

@) < Back

ext> I Finish ~r‘(:ancel |
—

(2)

Figureb 5-7: Selecting an Application Template (Selection in Figure May Not Match

Instructions)

2-1-9.

Click Finish to create the new project (2).

As the project is created, the new BSP is compiled and any sources from the templates
are also compiled. The creation of the new project usually takes less than a minute.

It will take a minute or two to compile the board support package (BSP). Should you ever
need to add libraries to the BSP, you can right-click the BSP project and select Board
Support Package Settings. From there you will be able to make changes to the STDIO
mappings, add and change libraries and settings within those libraries, etc.
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It is common practice to add existing resource files (*.c, *h, *.cpp, etc.) to a
software project. The Eclipse framework requires this operation to be performed
as an import function.

2-2. Add stopwatch_app.c, lcd.c, lcd.h to the application.
The preferred method for importing sources is shown here.

2-2-1. Expand the project named appDev_app > src using the Project Explorer.

2-2-2. Right-click the desired destination directory in the project that you want to place the
resource files (typically the src directory) (1).

2-2-3. Select Import to open the Import Wizard (2).

4 &5 ww_app

(onte
Incl

[ Project Bxplorer 32 2 5| ¥ 7 = O _gsy;te?
1
s il ey ew
a8

el *, Golnto

Open in New Window

Figure 5-8: Importing a Resource File

The Import Wizard dialog box opens.
2-2-4. Expand General (1).

2-2-5. Select File System as you will be selecting individual files directly from the file system

().
@ O =)
Select

N\
Import resources from the local file system into an existing project. E - 5

Select an import source:

1 text

General
. [, Archive File

. - Fxisting Prog o Workspace
.
wale®
* == Preterencete,
*s
0
.
)
.

> = G+

> [= Install

> [= Remote Systems
> (= Run/Debug
= Team

:
“y
. —=_(3)

Figure 5-9: Selecting File System
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2-2-6. Click Next to advance to specifying the files to import (3).
2-2-7. Browse to C:\training\appDev_standAlone\support in the From directory field.
2-2-8. Select the file(s) by checking the box beside stopwatch_app.c, lcd.c, lcd.h.

File system —
Import resaurces from the local file system. / ,;
-
From directory: ‘Saurce Directory as Specified in Instructions |v l Browse.. ]
[ = shaniaacns_costen_app EIRS|
[£) s
() s
Select Files to Import ] () g
g
g
[ Fiter Types... | [ selectal | [ Deselectanl |
Into folder: | Destination Directory as Specified in Instructions | [ Browse...

Options
|| Overwrite existing resources without wamning

[ Create top-level folder

@ Nei> | [ Finsh ][ Conce

Figure 5-10: Selecting Resource Files
The Into folder directory will default to the location selected when you engaged the
import function, but you can click Browse to change this location.

2-2-9. Click Finish to import the selected files and close the wizard.

Note: If the workspace has the automatic build option enabled, the project will
automatically build with the new resource files. The Console view at the bottom of the
IDE will show the results of the build.
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2-3. Verify that the application builds correctly.
2-3-1. Select the Console tab and ensure that the application is built without errors.

If there are any errors, they will be noted here.

_rf_ Problems | ¥ Tasks | Bl Console 2 | & Properties | &2 Terminal = 0

G5B ERE =B B

-~

CDT Build Conscle [appDev]

'Finished building: ../src/stopwatch_app.c’

'Building target: appDev.elf’

'Invoking: ARM gcc linker’

arm-xilinx-eabi-gcc -WL,-T -Wl,../src/lscript.ld -L../../zyng-bsp/ps7_cortexa9_8/lib -
'Finished building target: appDev.elf®

'Invoking: ARM Print size’
arm-xilinx-eabi-size appDev.elf |tee “appDev.elf.size"
text data bss dec hex filename
22844 1152 22588 46576 bsfe appDev.elf
'Finished building: appDev.elf.size®

m

18:15:36 Build Finished (toock 1s.383ms)

Figure 5-11: Successful Software Application Build

Question 1

When might you change a setting in the Board Support Package Settings dialog box and
regenerate the BSP?

Question 2

What would you do differently in this step to generate faster, more compact C code?
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Finishing and Building the Software Application Step 3

The stopwatch application is almost complete. Only the configuration of the
registers controlling the data direction of the axi_gpio peripherals used for the
pushbutton inputs and LED outputs need to be initialized.

3-1. Review the axi_gpio registers to determine how to program 1/0 data
direction.

3-1-1. Expand the UEDfull_hw hardware platform specification project in the Project Explorer
tab.

3-1-2. Double-click system.hdf to open the hardware platform specification in the edit window.

3-1-3. Scroll down to the IP blocks present in the design section.

3-1-4. Continue to scroll down this list in order to find the GPIO_Buttons_rosetta IP.

[ Project Explorer &2 = O ||4F system.hdf 22| [, systern.mss xparameters.h led.h
S S
.= appDev IP blocks present in the design
' @ appDev_bsp @O_Buttans_rasetta axi_gpio ED
4 [ ESD_hw_platform GPIO_LCD_data axi_gpio 20
download.bit GPIO_LEDs_linear axi_gpio 20
embd_core batel GPIO_LEDs_rosetta a0 gpiio 20
embd_core wrapper.bit . axi_merm_intercon axi_interconnect 2.1
Smbd_core_wrapper.mmi axi_timer_{) axi_timer 20
axi_uartlite_0 axi_uartlite 20
mdm_1 mdm 3.2

Figure 5-12: Viewing the IP Blocks Present in the Design [MicroBlaze Processor]

To the right of GPIO_buttons_rosetta (or any peripheral that uses the gpio peripheral) is a
version number about the selected IP and, depending on the IP, there may be a registers
hyperlink.

3-1-5. Click the registers hyperlink to see the available registers and their offsets.

While this table provides some information, you may want additional information about
this piece of IP.
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3-2.

3-2-1.
3-2-2.
3-2-3.
3-2-4.

3-2-5.

Access the documentation on the AXI_GPIO peripheral.

The documentation provided in this section is the detailed discussion of the
hardware and software drivers. This location will provide the most detailed

information on the IP that you select.

Select Start > All Programs > Xilinx Design Tools > DocNav > DocNav.

Select IP from under IP.
Expand Document Types and select Product Guides.
Expand Functional Categories and select AXI.

Xilinx Documentation Navigator 20 - Catalog Vi

Catalog View Design Hub View

C5 Catalog 201 - Ixmnx Design Tools - l IIP Docs - )
Document Filters | Find in Grid: X~ @ o - r
>|:| Silicon Devices Displaying : Docurd!

>|:| Design Tools

| ISE Design Suite
0[] 1P
4 Document Types
D Application Notes
Characterization Reg
:‘ Customer Notices.
:l Data Sheets

:‘ Design Advisories

! (\f Product Guides
I roduct Pages
|| Reference Guides
B[ [T Release Notes
b :l Tutorials & Getting Started
:‘ User Guides
Video Tutorials
[] white Papers
4| _J-Fwwational Categories
Feegenrs & Kils
I:‘ Bus Interfaces
I

m

[ IP: AXI General Purpose 10
( T LogiCORE IP AXI GPIC v2.0 Product Guide (AXD) ’

) IP: AXI Ethernet Lite

] LogiCORE IP AXI Ethernet Lite Media Access Controller v3.0 Product Guide
E LogiCORE IP AXI Ethernet Lite Media Access Controller v2.0 Preduct Guide
=) IP: AXT Exerciser

T AXI Exerciser v4.00a Product Guide (AXI)

{51 IP: AXI External Memory Controller

E LogiCORE IP AXI External Memory Controller (EMC) v3.0 Product Guide (AXT)
T LogiCORE IP AX] Bxternal Memery Controller (EMC) v2.0 Product Guide (AX])

"o IF: AXI Hordware ICAP

™) LogiCORE IP AXI HWICAP v3.0 Product Guide

=) IP: AXITIC Bus Interface

E LegiCORE IP AXTIIC Bus Interface v2.0 Product Guide (AXT)
E LogiCORE IP AXITIC Bus Interface (v1.02a) Product Guide (AXT)
[ IP: AXI Interconnect

E LogiCORE IP AXI Interconnect v2.1 Product Guide (AXT)

E LogiCORE IP AXI Interconnect v2.0 Product Guide (AXT)

p WPRRPRE TR " U O W N

il e, G LY G, . o™ P 0 f

Figure 5-13: Selecting the IP Documents in DocNav

Click the LogicCORE IP AXI GPIO (v2.0) Product Guide link to open the GPIO
datasheet in a new tab in DocNav.

[ cataog view | Desion Hub view [ | po1a+axigriopdf @ | Document Tray »
LogiCORE TP AXI GPIO v2.0 Product Guide (AXI) i =) Q‘ Open Documents
Q8 e A e = @ [1)s3|[m2%]7]| & + |[®] Tools sign | Comment | ¢

I ‘ Bookmarks

I

"

= B

= F LogiCORE IP AXI GPIO v2.0
I Table of Contents
T 1P Facts
= ch. 1: Overview
@ IF Ch, 2: Product Specification
# I Ch. 3: Designing with the
Core

Ny

&

8

]

= I Ch. 4: Design Flow Steps

= ch s Example Design

=P Appx. A: Migrating and
Upgrading

= I Appx. B: Debugging

= I Appx. C: Additional
Resources and Legal Notices

”~

& miat e P P

LogiCORE IP AXI
GPIO v2.0

Product Guide

Vivado Design Suite

X1 GPIO (v1.01.b)

G144,

W T T A o Sy S Y

Figure 5-14: axi_gpio Datasheet
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3-2-6. View the operation of the AXI GPIO 3-State Register under the "AXI GPIO 3-State Control
Register (GPIOx_TRI)" topic in the product guide.

AXI GPIO 3-State Control Register (GPIOx_TRI)

The AXI GPIO 3-state control register is used to configure the ports dynamically as input or
output. When a bit within this register is set, the corresponding [/O port is configured as an
input port. When a bit is reset, the carresponding I/O port is configured as an output port.

There are two AXI GPIO 3-state control registers (GPIO_TRI and GPIQ2_TRI), one
corresponding to each channel. The channel 2 3-state control register (GPIO2_TRI) is
present anly if the core is configured for dual channel Enable Dual Channel = 1.

The AXI GPIO 3-state control register is shown in Figure 2-2; the register function is

described in Table 2-7.

GPIoE_TRI

|

| C_GPICH_WIOTH-1

°|

AXI GPIO v2.0
PG144 April 2, 2014

£ XILINX

Figure 2-2:

www.xilinx.com

Table 2-7:  AXI GPIO Three-State Register Description

AXI GPIO Three-State Register

Send Feedback n

Chapter 2: Product Specification

. Field Access -
Bits Narme Type Reset Value Description
AXI GPID 3-State Control Register.
GPIC: Default Tri State | Each 100 pin of the AXI GPIO is individually
. . Read/ | Value programmable as an input or output.
[GFIC Width-10] | GFIOx TRI Write GPIOZ2: Default Tri For each of the bits:

State Value

0 = [0 pin configured as output.
1 = [/O pin configured as input.

Figure 5-15: 3-State Register Information for the AXI GPIO

It states that bits in the register cleared to ‘0’ configure the associated I/0 pin as an
output and bits set to ‘1" configure the associated I/O pin as an input.

Now you need a way to set up the registers in the stopwatch_app.c program. For the sake
of simplicity, you will use a low-level macro.

& XILINX » ALL PROGRAMMABLE.
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3-3. Often, from the programmer's perspective, the details of the hardware or
registers may not be needed, rather, a listing of the APIs and how they are
used may be of more value.
The following instructions will guide you through accessing the peripheral
documentation and locating the necessary drivers.
3-3-1. Select the SDK icon M) from the Taskbar to make it active if the SDK is not the active
window.
3-3-2. Expand the UEDfull_bsp project to expose the system.mss file.
3-3-3. Double-click system.mss to open the board support package information in the edit
window.
3-3-4. Scroll down to the Peripheral Drivers section.
3-3-5. Locate any of the GPIO peripherals (while they have different purposes within the design,
they all use the same IP and hence, have the same documentation).
3-3-6. Click the Documentation link next to a gpio peripheral from the list of peripheral drivers
to access the driver documentation in a browser window.
I Project Explo.., &2 | = O |||3% systern.hdf Hh system.mss E2 xparameters.h led.h !
. - B b S 3 SR R D S R, ST S
— ‘=€>| v Documentation:  standalone w5 0
- 1= appDev
a il E_F'F’DEV—L’SF' Peripheral Drivers
.1 BSP Documentation - -
Drivers present in the Board Support Package.
o8 o GPIO_Buttons_rosetta gpio r:c:rt Examples
GPIO_LCD_data gpic Documentation Import Examples
. (A ESU_hw_plattorm GPIO_LEDs_linear gpic Documentation Import Examples
GPIO_LEDs_rosetta gpic Documentation Import Examples
axi.tirper (I tmrcte Dwinentation [mpart Examples
Figure 5-16: system.mss File — Board Support Package Information
3-3-7. Select the APIs tab to see all of the available APIs for the device.
3-3-8. Locate an API with a name that suggests that it will write to the registers, since you will
need to write to the registers within the GPIO peripheral to control it (low level).
110 www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
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3-3-9. Click the hyperlink next to XGpio_WriteReg to see the documentation for that specific
API call.

& XILINX gpio_v g

ALL PROGRAMMABLE Xilinx SDK Drivers API Documentation

Data Structures File List

Overview

Here is a list of all documented functions, variables, defrue.s. enums, and typedefs with links to the documentation:

N ¥ 4

-
=X -

. P
« XGpio_Cfglnitialize() : xgpio.c :
« XGpio_ConfigTable : xgpio_g.c , xgpio_i.h :
*

. — L. T "0’
« XGPIO_TRIZ_OFFSET : xgpio_Lh .‘¢ '
« XGPIO TR| OFFSET . Xgpio I.h‘:. . )

+ XGpio_WriteReg : xgpio_Lh

Figure 5-17: Locating the XGpio_WriteReg API

The xgpio_Lh file reference document opens in the browser window, displaying
information about the low-level write register macro.

'_r,éxgpio_l.h File Reference ﬁ hd 3 Eé; * Pagev GSafety > Toolsw @

#define XGpio_WriteReg( BaseAddress,
RegOffset,
Data ) XGpio_Out32((BaseAddress) + (RegOffset), (u32)(Data))

Write a value to a GPIO register. A 32 bit write is performed. If the GPIO core is implemented in a smaller width, only the least significant data is written.

Parameters:
BaseAddress is the base address of the GPIO device.
RegOffset  is the register offset from the base to write to.
Data is the data written to the register.

Returns:
None.

Note: C-style signature: void XGpio WriteReg(u32 BaseAddress, u32 RegOffset, u32 Data)

Figure 5-18: Low-Level Write Register Macro Description

Note that all the Level 0 macros are contained in xgpio_Lh.
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3-3-10. Click the xgpio_l.h hyperlink next to the #include to access the xgpio_L.h file.

,D gpio_v4_1: Gpio_v4_ x,‘{ [ gpio_v4_1: Gpio_v4_ x
& =2 C [ filey//CyXiling/SDK/2016.1/data/embeddedsw/XilinkProcessorlPLib/drivers/gpio_v4_1/doc/hi
=2 Apps (3 learning (0 Jewish/Hebrew (3 survival (0 cool stuff 3 Music CJ Firearms (3 Xilink (3 opencg

#define XGpio_WriteReg ( BaseAddress,
RegOffset,
Data
)  XGpio_Out32((BaseAddress) + (RegOffset), (u32){Data))

#include fxgpio_1.h3]

Write a value to a GPIO register.
A 32 bit write is performed. Ifthe GPIO core is implemented in a smaller width, only the least significant data is written.

Parameters
BaseAddress is the base address of the GPIO device.
RegOffset is the reqgister offset from the base to write to.
Data is the data written to the register.

Returns
MNone.

Note
C-style signature: void XGpio_WriteReg(u32 BaseAddress, u32 RegOffset, u32 Data)

AL, T A by,

Referenced by XGpio_DiscreteClear{), XGpio_Discrete Set(), XGpio_DiscreteWrite(), XGpio_InterruptClear(}), XGpio_InterruptDisabled®

Figure 5-19: Accessing the Header File Documentation

3-3-11. Scroll through the xgpio_Lh file reference information.

Note the register offset #define statements that are useful when you are using the
low-level macros.

3-3-12. Study the macro and the #define symbols that need to be used to set the gpio data
direction.

You will now complete the provided application code that can be found in the Project
Explorer tab under appDev_app > src.

3-4. Make the SDK window active.

3-4-1. Select the SDK icon (N) from the taskbar to make it active if the SDK is not the active
window.
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3-5.
3-5-1.

3-5-2.

3-5-3.
3-5-4.

Open stopwatch_app.c in the editor.

Locate stopwatch_app.c using the Project Explorer pane.

Note: You may need to expand the branches of the tree (project name > src).
Double-click the source file to open it in the editor window.

Alternatively, you can right-click the source file name and select Open.

The Open With option provides access to other editors, including those outside the SDK
tool environment.

I™5 Project Explorer 532 =) <fg>| ¥ ¥ =8
a

o:‘:'y src

Right-Click Source File

> |l SD50C lab_d " ’
id = | New »

d Open
% + [ B] oot
¥ Delete Delete E Text Editor
Source ¥ | |5 System Editor
Move... Z| In-Place Editor
o | e Default Editor
g Export. Other...
£ Refresh F5
Index 3
Resource Configurations 3

Build Selected File(s)
Clean Selected File(s)

Team 3
are With

Figure 5-20: Opening a Source File via Right-Click

. Vo S Y YA VO SN T, G Ve, VPR W WL X

Right-click in the left margin of the stopwatch_app.c file to open the context menu.
Select Show Line Numbers to enable line numbering.
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3-6.

3-6-1.

3-6-2.
3-6-3.
3-6-4.

3-6-5.

Find "Student to add code here".

The find/replace operation is accessible through both a click sequence and a
keyboard shortcut.

Select Edit > Find/Replace or press <Ctrl + F>.
The Find/Replace dialog box opens.

== Find/Replace [“:' & ]_J-s-:h

il

Find: | -
Replace with: -

Direction Scope

@ Forward @ All

' Backward 1 Selected hines

Options
[7] Case sensitive Wrap search

Wholewerd [ Incremental

[7] Regular expressions

Figure 5-21: Default Find/Replace Dialog Box

Enter "Student to add code here" in the Find field.
Click Find or press <Enter> to find the next occurrence of "Student to add code here".

Continue clicking Find or pressing <Enter> until you locate the specific instance that
you are looking for.

With the Wrap search option enabled, the file is treated as a continuous loop and the
find operation will jump to the next occurrence at the top of the file (when searching
forwards) or at the bottom of the file (when searching backwards). A "ding" sound is
made when the search wraps around.

If you are looking for text within a specific region of the code you would first highlight
the region to perform the search in, then launch the Find/Replace function as described
in this topic.

Click Close to close the Find/Replace dialog box.
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3-7.

3-7-1.

3-8.

Write the API (macro driver functions/low level) call to set the axi_gpio data
direction for the pushbuttons and LEDs.

You will need the base address of the 8-bit LEDs and 5-bit pushbutton
peripherals. The base address #defines are found in the xparameters.h file
that is automatically created when the BSP is built.

Open lcd.h as described above.

Li25 Project Explorer &3 = O |5z system.hdf Hh, system.mss xparameters.h ledh &2 | Ll stopwatch_app.c
= <)==D| ¥ - 4o #ifdef _zC702_

pR= appDev 41 #define BUTTONS_BASE_ADDR  XPAR_GPIO BUTTONS_ ROSETTA_BASEADDR
bR 42 #define BUTTONS_DEVICE_ID  XPAR_GPIO_BUTTONS_ROSETTA_DEVICE ID
» 4, Binaries 43 #define LEDS_BASE_ADDR XPAR_GPIO LEDS LINEAR BASEADDR
> [a)) Includes a4 #define LEDS_DEVICE_ID XPAR_GPIO_LEDS_LINEAR DEVICE_ID
» [z Debug 45 #define LCD_BASE_ADDR XPAR_GPIO_LCD DATA BASEADDR
4 = sic 46 #define MEMC_BASE_ADDR XPAR_PS7_DDR_@&_5_ AXI_BASEADDR
| I8 lede 47 #define kCenterSwitchMask  @x18//@x@l ...'. mask for the center (BJ
= ! 43 #define kStartSwitchMask @x88//ex82 // mask for the start (BTh.
» ] ledh 49 #define kStopSwitchMask @x@l//BxB4 // mask for the stop (BTN
» | stopwatch_app.c 58 #define kResetSwitchMask Bx82//8x88 // mask for the reset (BT
E Iscript.ld 51 #define kBottomSwitchMask  @x®8//@x1@ // mask for the bottom (BId
[ README.tt 52 #define ksoftDelaylems 250000 // rough lemsec software delay
53 #define klg@msecCnt 18 // number of system loop timeg
+ ) appDev_bsp 54 #define klg@msecCnt_release 258 // number of system loop times
> [ ESD_hu,_platform 55 #define kRightSwitchMask  @x@2 7 el o right (BTNL) g
56 #define kTopSwitchMask axe4 // mask for the top (BTN2) swir.
57 #define kLeftSwitchMask Bx83 // mask for the left (BTN3) s
#define TIMER_DEVICE_ID XPAR_SCUTIMER DEVICE_ID
#define INTC_DEVICE_ID XPAR_SCUGIC_SINGLE DEVICE i
#define TIMER_IRPT_INTR XPAR_ SCLITIMER INTR
#define TIMER_LOAD_VALUE BxFFFF
#endif

#ifdef _KC785_

#define BUTTONS_BASE_ADDR  XPAR_GPIO_BUTTONS_ROSETTA_BASEADDR
#define BUTTONS_DEVICE_ID  XPAR_GPIO_BUTTONS_ROSETTA_DEVICE_ID
#define LEDS_BASE_ADDR XPAR_GPTIO_LEDS_LINEAR_BASEADDR

69 #define LEDS_DEVICE_ID XPAR_GPIO_LEDS_LINEAR_DEVICE_ID

3 #define LCD_BASE_ADDR XPAR_GPIO_LCD_DATA_BASEADDR

~

#deflne TMR_BASE_ADDR PAR_AXI_TIMER_8_BASEADDR

FYP BV P e e N7 T Sl e
Figure 5-22: Conditionally Compiled Blocks of Code

I}

Note that conditionally compiled blocks of code that were not compiled are shown with
a gray background so that you can easily tell what code was compiled.

Write the code to set the direction for the pushbutton and LED.

3-8-1. Return to the stopwatch_app.c tab where you just found the comment blocks that begin
with "Student to add code here".

3-8-2. Add the macro calls necessary to initialize the data direction registers of the pushbutton
and LED gpio peripherals.
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You can also copy and paste the necessary code from the axi_gpio_macro_calls.c file in
the C:\training\appDev_standAlone\support directory.

Set the direction for all Push Button =2ignals to be input

HGplD ertEREg(“UTTONE BASE ADDR, XGPICO TRI OFF3ET, Oxffffffff];

Set the direction for all LED =ignals to be outputs

HGplD ertEREg(LEDS BASE ADDER, XGFIO TRI OFFSET, 0):

Figure 5-23: Macro Calls to Initialize the Data Direction Registers

3-8-3. Save the stopwatch_app.c file when you finish.
The tools will automatically rebuild the project.

A successful build is indicated when the program size is returned.

Ef'._ Problems | ¥ Tasks | & Console 22 | E Properties | &® Terminal =

LB EE =&l tB

CDT Build Console [appDev]

'Building target: appDev.elf’
"Invoking: ARM gcc linker'
arm-xilinx-eabi-gcc -Wl,-T -Wl,../src/lscript.ld -L../../zynq-bsp/ps7_cortexa9_@/lib -
'Finished building target: appDev.elf’
'Invoking: ARM Print Size’
arm-xilinx-eabi-size appDev.elf |tee "appDev.elf.size"
text data bss dec hex filename
22876 1152 22588 46685 b618 appDev.elf
'Finished building: appDev.elf.size'

11:16:25 Build Finished (tock 1s.298ms)

Figure 5-24: Returning the Program Size Indicates a Successful Build (Zynq AP SoC)

Note that your code size may vary due to the specific version of the tools.

Question 3

In what file are the low-level macro-based gpio functions found? How many gpio macro
functions exist?
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Question 4

Is changing, editing, or adding to the xparameters.h file a good idea? Why or why not?

Configuring the Device and Testing the Application Step 4

Now that the finishing touches have been put on the application code, you will
configure the Zynq AP SoC programmable logic (PL) or FPGA device, download
the application, and test the program for proper stopwatch operation. The
hardware portion of the design has already been implemented for you. Ensure
that the hardware board is on and both the programming and serial
communication cables are properly connected.

4-1. Program the device.

The bitstream resides within the SDK workspace as it was imported when
the hardware platform was created.

4-1-1. Select Xilinx Tools > Program FPGA or click the && icon.
The Program FPGA dialog box opens.

The default bitstream is the bitstream that is part of the collection of files that was
exported from the Vivado Design Suite.

The BMM/MMI file is used to describe how block RAM memory clusters are loaded with
instruction and/or data information that is contained as part of the bitstream. The BMM
format is used in older versions of the tool, while the MMI format is used in newer
versions of the tool. Typically, Zynq All Programmable SoC-only designs do not require a
BMM/MMI file, and MicroBlaze processor designs do require their use.

ELF files, under the Software Configuration section of the dialog box, are also related to
BMM/MMI usage. If no BMM/MMI file is specified, then this section will remain empty.
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4-1-2.

Keep all default settings and click Program to program the programmable logic portion
of the device.

B Program FRGA 83—

Program FPGA
Specify the bitstream and the ELF files that reside in BRAM memory

Hardware Configuratian

Hardware Platform: | Automatically Populated l -

Connection: [Lacal <] [ mew |

Device: Auto Detect

Bitstream: |___ Automatically Populated J [search...| [Browse.. ]
BMMMMIFile: | Conditionally Populated J [search..| [erowse. |
Software Configuration

Processor ELF File ta Initialze in Black RAM
1 Conditionally Populated ||

b

< i
Run reset_zynqpl
@) Conditionally

Figure 5-25: Programming the FPGA

It will take about a minute to configure the programmable logic. A progress bar will
appear to show how far along the programming process is. Typically, the progress bar
will pause near the halfway mark for a few seconds before completing the configuration.
The result of the FPGA configuration can be viewed in the SDK Log tab at the bottom of
the IDE.

The SDK terminal is an interface that only supports serial port/UART
communications. The more general Terminal tab is able to support other formats,
such as SSH and Telnet.

4-2. Locate the SDK Terminal tab. Generally this tab is found in the same panel
as the console.
4-2-1. Select Window > Show View > Other > Xilinx > SDK Terminal to open the SDK
Terminal tab if it is not currently visible.
This tab typically opens in the same window as the console.
4-3. Configure the SDK Terminal.
4-3-1. Click the green '+' sign to open the Connect to Serial Port dialog box.
1 spK Terminal &2 { :: b? &£ = 8
Click on + button to add a port to the termina C..._ _'¢‘
L e T [
I send| G|
Figure 5-26: Adding/Associating a Port to the Terminal
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A pop-up appears asking you to configure the settings for the serial port.
4-3-2. Select the serial port that is connected to the device you want to communicate with (1).

This is the port number associated with the Serial Port/USB connection from your board.
This is often the highest-numbered com port, but not always. Your board must be
powered on in order to see this port.

4-3-3. Set the baud rate to 115200 (2).
4-3-4. Leave the other settings at their defaults.

20k Connect to serial p
Basic Setting
Port:

Baud Rate:

Data Bits: |8 'l
Stop Bits: m
Paty:  [None =]
Flow Control: Im

Timeout (sec):

Cancel |

Figure 5-27: Configuring the SDK Terminal

4-3-5. Click OK to save these settings and begin the terminal session (3).

Configurations are a very powerful ally in setting up a run for a very specific set of
criteria. Often, however, the default configuration settings are adequate and there
is no need to click through a number of dialogs just to run the program.

4-4. Run appDev_app with the default configuration settings.

4-4-1. Right-click appDev_app in the Project Explorer to open the context menu.
4-4-2. Select Run As > Launch on Hardware (System Debugger) to immediately launch the
application on the hardware.

Note: Selecting Run As > Launch on Hardware (GDB) will also work; however, this is a
deprecated flow.

If an application is already running, a warning message will appear asking you to
terminate the previous session. If you receive this message, click Yes to terminate the
running application and run the new scenario.

The application runs.
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4-5.
4-5-1.

4-6.
4-6-1.

4-6-2.

4-7.
4-7-1.
4-7-2.

--- Alternate Method ---
Select appDev_app in the Project Explorer tab.
Once the application project is selected, you can launch the run by:

o Use the menu bar to select Run > Run.

* Then select one of the options from the Run As window (this window will pop up
only if there is no Run configuration).

o Press <Ctrl + F11>.
o Click the Run icon (@).

The stopwatch time appears on the serial output. The eight LEDs should increment left to
right when the stopwatch is running.

Verify the program.
Verify proper stopwatch operation.

The buttons are located on the FMC-CE card and on the board. Their behavior is defined
as:

o START —> BTN1 (Left)
o STOP — BTN2 (Select)
o RESET — BTN3 (Right)

Terminate the program.
Click the Debug perspective button.

Note: If it is not visible, select Window > Open Perspective > Debug.

Click the Disconnect ( L ) button.

File Edit Source Refactor MNavigate Search Project Xilinx Tools Run  Window Help
rd - lhceNED L 2D RAC RN i &® -3
F vl vto o v| 2 Quick Access [ Ej| @C;‘C+

#¥ Debug 2 | i# 7 = O ||09=Vvariables % | @ Breakpoints| [3 XMD Console | [l XSDB Console = 0

=

s & System Debugger on Local appDev.elf (Local) 5 & | | i}

4. MName Type Value

Figure 5-28: Disconnecting the Application

Exit the SDK tool and power off the board.

Select File > Exit to close the SDK tool.
Power off the development board.
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Question 5

The Run configuration is set for the Debug project configuration. What is the purpose for all of
these configurations?

Summary

You created a basic SDK software application that operates a software loop-based stopwatch.
The application utilized the Level 0 axi_gpio device drivers. You used the documentation
available from SDK to investigate how to identify and install these drivers in the C source. You
also learned how to configure the FPGA, then load and run the software application.
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Answers

1. When might you change a setting in the Board Support Package Settings dialog box and
regenerate the BSP?

The settings can be changed for various reasons, including:
e Changing hardware
e Changing the configuration options of the standalone BSP services

e Changing or adding a new device driver to the BSP

2. What would you do differently in this step to generate faster, more compact C code?

The properties in the C/C++ Build section had the compiler optimization turned off for
maintaining coherency between the source and the executable. Setting the optimization
level higher will cause the compiler to generate more efficient and compact code, but it is
difficult to single step.

3. In what file are the low-level macro-based gpio functions found? How many gpio macro
functions exist?

Low-level, macro-based functions for the gpio peripheral are all found in the xgpio_Lh file.

There are only two gpio macro functions: XGpio_WriteReg() and XGpio_ReadReg( ). These
macros are useful for doing simple tasks in small programs. In larger, more complex
programs, the gpio functions found in the xgpio.c file may be a better choice.

4. Is changing, editing, or adding to the xparameters.h file a good idea? Why or why not?

No, the xparameters.h file is regenerated every time the BSP is built by LibGen. This is a
read-only file.

5. The Run configuration is set for the Debug project configuration. What is the purpose for all
of these configurations?

SDK accommodates multiple setups for quickly choosing an object ELF application to
download to the simulator or hardware; this is a RUN configuration. Project configurations,
such as Release, Debug, and Profile, each allow the compiler/linker to generate a different
ELF file based on tool settings for each configuration. The Debug configuration is created by
default during project creation.
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Lab 6: File Systems

Zynq All Programmable SoC ZC702 or ZedBoard or Kintex-7 FPGA KC705

2016.3

Abstract

The goal of this lab is to upgrade an embedded system design to have the capability of
performing memory file system functions in an external DDR memory. This lab guides you
through the principles of creating a file system using the XilMFS library. You will create a
software platform utilizing the provided hardware design. Using SDK, you will also analyze and
implement an application that creates files and directories in DDR memory.

Objectives

After completing this lab, you will be able to:

e Create a software platform that makes use of the Xilinx Memory File System XiIMFS
e Use some of the XilMFS functions to perform file system operations

e Demonstrate a working, file system-based embedded system

Introduction

A memory file system (MFS) provides the capability to manage program memory. The file
system includes directories and files within each directory. It can be accessed from the high-level
C language through functional calls specific to the file system. Alternatively, files can be
managed through the standard C language functions provided in XilFile.

The goal of this lab is to upgrade an embedded system design with memory file system
functions capabilities in an external DDR memory. You will use the evaluation board and the
Serial Port to demonstrate file system operations.

General operation is as follows:

I. Displays a welcome message on the serial port when the embedded application starts.
2. Waits for serial port commands to be delivered.
Depending on the serial command entered, does one of the following:
e 'C": Creation of a directory called testdir1, if one is not already created. If the directory
already exists, displays an appropriate message.
o 'D" Deletes a directory called testdir1, if it exists. Otherwise, displays an appropriate
message.

e 'c: Creates a file called testfilel, writes a test message into it, and closes the file. If the file
already exists, displays an appropriate message.

© Copyright 2016 Xilinx



Lab 6: File Systems Lab Workbook

e 'r Reads a file called testfilel and displays the contents. If the file does not exist, displays
an appropriate message.

o 'd" Deletes a file called testfilel if it exists. If the file does not exist, displays the
appropriate message.

All messages should display in the serial port monitor.

General Flow

Step 1: Step 2:

Creating =N Running

an SDK s the
Application Design

Creating an SDK Application that Uses the Memory File System Step 1

There are three basic software tasks that will need to be performed: BSP
customization, linker script customization, and application development.

Before proceeding, confirm that the hardware board and download cabling are in
place.

Several common and repetitive tasks have been automated with a custom tool
called SDK Launcher. This tool will automatically create an SDK workspace, create
a hardware platform specification targeting the desired development board and
processor combination and, finally, launch the SDK tool in the open workspace.

The hardware platform specification will be named UED_hw. If you are unsure
how to do any of these tasks manually, reference the relevant sections in the Lab
Reference Guide.

1-1. Open the SDK Launcher tool.

1-1-1. Open Windows Explorer and browse to the C:\training\tools directory.
1-1-2. Double-click the SDKlauncher jar file to launch the application.

1-2. Configure the SDK Launcher.

1-2-1. Click the Browse icon button to open a file browser window (1).

1-2-2. Select C:\training\MemoryFileSystem to identify which lab to work with.
1-2-3. Click Open to select the path and return to the tool's main GUL

1-2-4. Click the Down arrow next to the platform list to expand the list (2).
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1-2-5.

1-2-6.

1-2-7.

1-2-8.

Select the PS | MicroBlaze on ZC702 | ZedBoard.

Note: Selecting PS will target the ARM® processor and MicroBlaze will target the
MicroBlaze™ processor.

Ensure that Vivado version 2016.3 is populated in the SDK Version field (3).

This instructs the SDK Launcher application to use a particular version of the SDK tool.

5DK [ au rcher

wpccuster | Ag Per Instructions
sok versiod VEISiO

' o V0.1 - 1116/2016

Figure 6-1: Configuring the SDK Launcher Tool

platform PS on ZCT02 2

(C) 2016-7 Xilinx, Inc.

Click Go to automatically set up the workspace, create the hardware platform
specification, and launch SDK (4).

Close the Welcome screen once SDK launches, if it is open.

Using the Application Project Wizard is a quick way to set up a C or C++ software
application project that targets an existing processor and OS platform
(Standalone or Linux). You can automatically generate the board support package
(BSP) or select an existing one. Based on the dialog box choices, the appropriate
tool chain is selected for pre-processing, compiling, assembling, and linking.

1-3. Create a new C/C++ application project named fileSys_app. Use the board
support package named fileSys_bsp.
1-3-1. Select File (1) > New (2) > Application Project (3) to open the New Project dialog box.
<fl File [ Duiit Sﬂur.t.E..REfartﬂr Navigate Search Project xnmjmm; .Run Window  Help
T
ChilsW !]\ Board Support Package
Figure 6-2: Creating an Application Project
1-3-2. Enter fileSys_app as the project name.
1-3-3. Ensure that you have UED_hw selected from the Hardware Platform drop-down list as
the SDK tool can manage multiple platforms within a single workspace.
This will populate the Processor drop-down list accordingly.
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1-3-4.

Ensure that ps7_cortexa9_0 for Zynq (MicroBlaze will be supported in 2017.1) is
selected from the Processor drop-down list.

1-3-5. Ensure that standalone is selected from the OS Platform drop-down list.

1-3-6.

Select Use Existing and choose an existing BSP from the drop-down list if you have

already created a BSP for this hardware platform; otherwise, select Create New and

enter the name for the BSP as fileSys_bsp.

Application Project

Create a managed make application project.

[ o S

=

Project name: Add Name of the Application per Instructions

Use default location

default

Cihtraining\EmbSysSoft\labs\IntroLwip\workspace_zed_noFl!

Browse...

05 Platform: | Select OS Platform per Instructions B

Target Hardware

Hardware Platform:| Select Hardware Platform per Instructions l‘_]

Processon: | Select CPU Target per Instructions E]
Target Software
Language: @C O C++

Board Support Package; reate New
Name of BSP per Instructions
/ se existing

Use New or
Existing BSP

@ < Back Next » Finish

Cancel

Figure 6-3: Entering Application Project Information

1-3-7. Click Next to select the template for this application.

1-3-8. Select Empty Application (1).

_nlx|
Templates ”
Create one of the available templates to generate a fully-functioning @
application project.
Avalable Templates:
Let's say "Hello World' in C. =]

WIP Echo Server

Memory Tests

OpenAMP echo-test
OpenAMP matrix multiplication Demo
OpenAMP RPC Demo

Select the Application
Template per
Instructions

Peripheral Tests

RSA Authentication App
Zynq DRAM tests

Zynaq FSBL

@ < Back (e Finish

Cancel |

N ——

Figure 6-4: Selecting an Application Template (Selection in Figure May Not Match Instructions)

1-3-9. Click Finish to create the new project (2).
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1-4.

1-4-1.
1-4-2.

1-5.

1-5-1.
1-5-2.
1-5-3.

As the project is created, the new BSP is compiled and any sources from the templates
are also compiled. The creation of the new project usually takes less than a minute.

Make sure that you had created a new application by selecting the Create New BSP
option because you will have to customize the new board support package (BSP).

Set the tools to build the project(s) any time they are updated.

Typically, the Auto-Build feature is turned on; however, since the
SDKlauncher tool ran a Tcl script that built the starting point for this lab, the
Auto-Build feature is turned off.

Click Project in the menu bar to access the options available for project building.
Select Build Automatically to enable the auto-build function.

Configure the BSP to use the Xilinx Memory File System (xilmfs) and set the
number of bytes used by the file system. This represents the number of
bytes of memory available for the file system. You can use any size based on
the available DDR size. For this lab, use an arbitrarily selected value of 64
MB for the file system which is far more than enough for the few files and
will fit in the available DDR memory space.

Right-click fileSys_bsp in the Project Explorer window.

Select Board Support Package Settings.

Select xilmfs (for the Xilinx Memory File System) from the Overview view tab under

Supported Libraries.

Board Support Package Settings m
Control various settings of your Board Support Package. "'@

q fileSys.bs
a standalone SR

ilmfs OSType:  standalone Standalone is a simple, low-level software layer. It provides access to basic processor features
4 drivers such as caches, interrupts and exceptions as well as the basic features of a hosted environment,
05 Version: A ¢ "
. such as standard input and output, profiling, abort and exit.

Target Hardware
Hardware Specification: - . - - . Lpe— - system.hdf

Processor:

Supported Libraries

Check the box next to the libraries you want included in your Board Support Package.You can configure the library in the navigator
on the left.

Narne Version Description
[ hwipldl 1.0 IwIP TCP/IP Stack library: lwlP v1.4.1
[T «ilffs 3.0 Generic Fat File System Library
[ xilflash 4.0 Xilinz Flash library for Intel/AMD CFI compliant parallel flash
[ xilisf 5.1 Xilinx In-system and Serial Flash Library
L xilmfs 2.0 Kilinx Memory File Systemj
[ xilrsa 11 Kilire RSA Library
[] xilskey 20 Kilinx Secure Key Library

(2) ok [ Cancel

Figure 6-5: Selecting the Xilinx Memory File System
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1-5-4. Expand Overview > standalone in the left hand margin.
1-5-5. Select xilmfs to configure the file system library.

1-5-6.

Set the value of the numbytes parameter to 67,108,864 (64 MB).

This value will be updated in the BSP driver file mfs_config.h as #define MFS_NUMBYTES
<value>.

Zynq AP SoC users: This file located in the fileSys_bsp > ps7_cortexa9 0 > include
directory.

MicroBlaze™ processor users: This file located in the fileSys_bsp > microblaze 0 >
include directory.

@ s o scs I =

Board Support Package Settings
Control various settings of your Board Suppert Package.

a Overview
4 standalone Configuration for library:  xilmfs
Name Value Default Type Description
a drivers ,
a base_address 010000 010000 integer Base Address
init_type MESINIT_MNEW MESINIT_MNEW enurm Init Type
need_utils falze falze boolean Meed additicnal Utilities?
numbytes 67108854 100000 integer MNumber of Bytes
4| i | 3
@ [ OK ] ’ Cancel

Figure 6-6: Setting File System Parameters

1-5-7. Click OK.
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It is common practice to add existing resource files (*.c, *.h, *.cpp, etc.) to a
software project. The Eclipse framework requires this operation to be performed
as an import function.

1-6. Add file_system.c to the application.
The preferred method for importing sources is shown here.

1-6-1. Expand the project named fileSys_app > src using the Project Explorer.

1-6-2. Right-click the desired destination directory in the project that you want to place the
resource files (typically the src directory) (1).

1-6-3. Select Import to open the Import Wizard (2).

[ Project Explorer
4 125 e _app

Figure 6-7: Importing a Resource File

The Import Wizard dialog box opens.

1-6-4. Expand General (1).
1-6-5. Select File System as you will be selecting individual files directly from the file system
).

Select \

Import resources from the local file system into an existing praject. E = E

Select an import source:
1 text

General

+ &= Install

» (= Remote Systems
. (= Run/Debug

. (= Team

‘0
£y
.

Figure 6-8: Selecting File System

1-6-6. Click Next to advance to specifying the files to import (3).
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1-6-7. Browse to C:\training\MemoryFileSystem\support in the From directory field.
1-6-8. Select the file(s) by checking the box beside file_system.c.

File system

Import resources from the local file system. L /
-
From directory: |Source Directory as Specified in Instructions ‘v [ Browse... ]
W= aeiie . Se_app R
L] g
(5] e
Select Files to Import [£) et
g
&
[ Filter Types... || SelectAll | [ Deselectall |
Into folder: | Destination Directory as Specified in Instructions | [ Browse...

Options
[ Overwrite existing resources without warning
[] Create top-level folder

@ Next > [ Finsh ][ cancel
Figure 6-9: Selecting Resource Files

The Into folder directory will default to the location selected when you engaged the
import function, but you can click Browse to change this location.

1-6-9. Click Finish to import the selected files and close the wizard.

Note: If the workspace has the automatic build option enabled, the project will
automatically build with the new resource files. The Console view at the bottom of the
IDE will show the results of the build.

1-7. Check the linker script settings for the fileSystem C project.
1-7-1. Right-click the fileSys_app project.
1-7-2. Select Generate Linker Script in the Project Explorer tab.

1-7-3. Select the memory sections given below:

Zynq AP SoC users: Select ps7_ddr_0_S_AXI_BASEADDR as the memory area used

from the Code Sections, Data Sections, and Heap and Stack drop-down lists.

MicroBlaze processor users: Select mig_7series_0 as the memory area used from the
Code Sections, Data Sections, and Heap and Stack drop-down lists.

1-7-4. Click Generate.

1-7-5. Click Yes to overwrite the existing linker script file if prompted.
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1-8.
1-8-1.

Build all of the projects.
Force the building of all applications by selecting Project > Build All.

Run | Project | Xilinx Tools Window  Help

o Open Project
Close Project
veey :
@ Build All Ctr@
Build Configurations 4

Build Project
Build Working Set »
Clean...

v Build Automatically

Make Target »

D nertio

Figure 6-10: Selecting Build All

Now that the software is in place and compiled you will reference the LibXil
Memory File System (MFS) documentation using the DocNav tool to better
understand how the MFS functions apply.

1-9. Open the OS and Libraries document using DocNav.

1-9-1. Select Start > All Programs > Xilinx Design Tools > DocNav > DocNav.
Alternately, you may double-click the DocNav icon on the desktop.
The Xilinx Documentation Navigator opens.

1-9-2. Select only the Software Development entry under Design Tools.

1-9-3. Select only the Embedded Design entry under Functional Categories.

1-9-4. Select only the Design Hubs entry under Document Types.

1-9-5. Click the Software Development KIT (SDK) for Embedded Design Hub that was found
to open the design hub.

1-9-6. Click the OS and Libraries Document Collection found under Additional Learning
Materials > Reference Guides.
Note: An internet connection is required to use the DocNav.

1-9-7. Review the LibXil Memory File System document which is hyperlinked to the OS and
Libraries Document Collection. Its ID is UG649.
Do not close this document, as you will be using it shortly.
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Returning to the SDK tool.

1-10. Open file_system.c in the editor.
1-10-1. Locate file_system.c using the Project Explorer pane.

Note: You may need to expand the branches of the tree (project name > src).
1-10-2. Double-click the source file to open it in the editor window.

Alternatively, you can right-click the source file name and select Open.

The Open With option provides access to other editors, including those outside the SDK
tool environment.

L?5 Project Explorer 5% = <:==(>| ¥ ¥ =4
aE

0_:5 src

g Right-Click Source File
»|1£] SDSaC_lab_de

New 3

g Open
< '
3 Delete Delete
Source ¥ | |5/ System Editor
Move... =| In-Place Editor
Default Editor

C/C++ Editor
Text Editor

m &

B T T W, L Ve WP W WL Y

Import...
Export... Other...

& B E

Refresh F3

Index 3

Resource Configurations 3

Build Selected File(s)
Clean Selected File(s)

Team 3
are With

Figure 6-11: Opening a Source File via Right-Click

1-11. Review the file_system.c file.
1-11-1. Locate the comment "--- Initialize file system...".

File initialization is performed immediately following this line. Read the MFS function
Descriptions of the function void mfs_init_fs() from the oslib_rm.pdf document.

1-11-2. Ensure that the starting(base) address of the file system memory in the mfs_init_fs()
function call is as given below:

Zynq AP SoC users: mfs_init_fs (kNumbytes, ((char*)0x0020FFFF), MFSINIT_NEW);
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MicroBlaze processor users: mfs_init_fs (kNumbytes, ((char*)0x8a000000),
MESINIT_NEW);

Similarly, find the following functions and go through the oslib_rm.pdf document to
understand each function.

»  mfs_exists_file()

= mfs_delete file()

» mfs_file_open()

»  mfs_file_read()

= mfs_file close()

= mfs_file_write()

Refer to the oslib_rm.pdf library for more information on each function.

Each serial port command is assigned to specific MFS function calls as described in the
procedure. Pressing a specific button will open, close, read, etc. from the file system. The
results of each button press is visible on the serial port.

Question 1

How is the file system initialized? What do the arguments represent?

1-12. Program the device.

The bitstream resides within the SDK workspace as it was imported when
the hardware platform was created.

1-12-1. Select Xilinx Tools > Program FPGA or click the 2% icon.
The Program FPGA dialog box opens.

The default bitstream is the bitstream that is part of the collection of files that was
exported from the Vivado Design Suite.

The BMM/MMI file is used to describe how block RAM memory clusters are loaded with
instruction and/or data information that is contained as part of the bitstream. The BMM
format is used in older versions of the tool, while the MMI format is used in newer
versions of the tool. Typically, Zynqg All Programmable SoC-only designs do not require a
BMM/MMI file, and MicroBlaze processor designs do require their use.

ELF files, under the Software Configuration section of the dialog box, are also related to
BMM/MMI usage. If no BMM/MMI file is specified, then this section will remain empty.
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1-12-2. Keep all default settings and click Program to program the programmable logic portion
of the device.

E Program FPGA Iﬁ‘

Program FPGA
Specify the bitstream and the ELF files that reside in BRAM memary

Hardware Configuration

Hardware Platform: | Automatically Populated | ']

Connectian: [Local | [ mew |
Device: Auta Detect
Biltarenn |  Automatically Populated | [gwch,,,] [Bmwse”l
BMMMIFile: | Conditionally Populated | [sﬁrch,,,] [Bmwse”l

Software Configuration
Pracessor ELF File to Initialize in Block RAM
| Conditionally Populated |

] 1
Run reset_zynqpl

. Conditionally
'(?/I i Set I [ Pragram ]1 Cancel

Figure 6-12: Programming the FPGA

3

It will take about a minute to configure the programmable logic. A progress bar will
appear to show how far along the programming process is. Typically, the progress bar
will pause near the halfway mark for a few seconds before completing the configuration.
The result of the FPGA configuration can be viewed in the SDK Log tab at the bottom of
the IDE.

Running the Design Step 2

With the design now running on the board, you will test the behavior of the code.

If you are using a Zed board, please use TeraTerm or other serial port terminal as
there is known incompatibility with the SDK terminal. Please configure the
terminal to 115200 baud, 8 data bits, one stop bit, and no parity.

Note: If you are using the ZC702 board, follow the next two instructions. If you
are using the ZedBoard, skip to instruction 2.3 below.

The SDK terminal is an interface that only supports serial port/UART
communications. The more general Terminal tab is able to support other formats,
such as SSH and Telnet.
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2-1. Locate the SDK Terminal tab. Generally this tab is found in the same panel
as the console.

2-1-1. Select Window > Show View > Other > Xilinx > SDK Terminal to open the SDK
Terminal tab if it is not currently visible.

This tab typically opens in the same window as the console.

2-2. Configure the SDK Terminal.

2-2-1. Click the green '+' sign to open the Connect to Serial Port dialog box.

&l spK Terminal 52 @3 £ = 8
|

Click on + button to add a port to the termina &‘_ -
. :I

< of
f _Send| G|

Figure 6-13: Adding/Associating a Port to the Terminal

A pop-up appears asking you to configure the settings for the serial port.
2-2-2. Select the serial port that is connected to the device you want to communicate with (1).

This is the port number associated with the Serial Port/USB connection from your board.
This is often the highest-numbered com port, but not always. Your board must be
powered on in order to see this port.

2-2-3. Set the baud rate to 115200 (2).
2-2-4. Leave the other settings at their defaults.

Basic Settir]
Port:

per instructions

Baud Rate:] per instructions,

~ Advance Settings

Data Bits:

Stop Bits: 1

il

Parity: None

Flow Control: |None

Timeout (sec)

1:, nce

Figure 6-14: Configuring the SDK Terminal

<

2-2-5. Click OK to save these settings and begin the terminal session (3).

Note: If you are using the ZC702 board, skip this instruction.
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Tera Term is a popular public domain terminal emulation program. It is capable
of operating as a serial port terminal or as a telnet client. It is an alternative to
using the Terminal view that is built into SDK.

2-3. Launch the Tera Term terminal program.
2-3-1. Double-click the Tera Term icon on the Windows desktop to launch Tera Term.
Alternatively, you can select Start > All Programs > Tera Term > Tera Term.

2-3-2. Select Serial as the connection (1).
2-3-3. Click the Port drop-down list to view the available COM ports (2).

Note: If your port is not listed, exit Tera Term, power cycle your board and re-start this
step.

2-3-4. Select the COM # discovered in the last step (3).

Note that the ZC702 will show the Silicon Labs driver as shown in the figure below and
the ZedBoard will show the Cypress driver or possibly just a USB Serial Port entry.

o TCPAP myhost.example.com

Histary
Telnet £2
5 S5H S5H2

Other

n UNSPEC
Port: [COM1: Communications Port (COM1)_+# * | e

COM1: Communical tions Port [COMT1]

= Select This COMPort o .=

Figure 6-15: Selecting the COM Port
Note: The COM port setting is specific to the computer being used and may need to be
different than shown. Use the COM port # that was discovered in the previous step.
2-3-5. Click OK.
The terminal console window opens.
2-3-6. Select Setup > Serial Port.

10 com®: baud - Tera Term V

File Edit{] Setup|)Control Window Help
]

- Terminal...
- Window...

Font...

Keyboard...
:

0

Figure 6-16: Opening the Tera Term Serial Port Setup Window

The Tera Term Serial Port Setup dialog box opens.
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2-3-7. Confirm that the proper serial port has been selected (1).
2-3-8. Set the baud rate to 115200 (2).

2-3-9.

Baud rate:

Data: 8 bit -| Cancel
Parity: none -

Stop: [
Flow control: none -

Transmit delay

0 msecjchar 0 msecfline

Figure 6-17: Setting the Parameters for the Serial Port

Note: The COM port setting is specific to the computer being used and may need to be
different than shown. Use the COM port # that was discovered in the previous step.
Click OK (3).

Tera Term is now configured to receive and transmit serial information to/from the
evaluation board.

Configurations are a very powerful ally in setting up a run for a very specific set of
criteria. Often, however, the default configuration settings are adequate and there
is no need to click through a number of dialogs just to run the program.

2-4. Run fileSys with the default configuration settings.

2-4-1. Right-click fileSys in the Project Explorer to open the context menu.

2-4-2. Select Run As > Launch on Hardware (System Debugger) to immediately launch the
application on the hardware.
Note: Selecting Run As > Launch on Hardware (GDB) will also work; however, this is a
deprecated flow.
If an application is already running, a warning message will appear asking you to
terminate the previous session. If you receive this message, click Yes to terminate the
running application and run the new scenario.
The application runs.
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--- Alternate Method ---
Select fileSys in the Project Explorer tab.
Once the application project is selected, you can launch the run by:

o Use the menu bar to select Run > Run.

* Then select one of the options from the Run As window (this window will pop up
only if there is no Run configuration).

o Press <Ctrl + F11>.
2-4-3. Click the Run icon (@).

Question 2

Enter the commands into the terminal in the order that they are offered in the table below.
Observe the response and record in the following table.

Button Displayed Message Command Meaning

d

d

Table 1. Desired Actions and Actual Results
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Question 3

What common file system functions are used?

2-5.

2-5-1.
2-5-2.
2-5-3.

2-5-4.

2-5-5.

2-6-1.

2-6-2.

2-6-3.

2-6-4.

2-6-5.

2-6-6.

2-6-7.
2-6-8.

2-6-9.

Terminate the program.

Select Window > Perspective > Open Perspective > Debug.
Expand System Debugger on Local fileSys_app.elf (Local).
Select the running <CPU> (Running).

Click the Suspend icon ( ") to stop the running program.

Click the Disconnect icon (5‘"?).

Modify the behavior of the code so that when the 'f' (for free) command is
entered, the file system is queried and returns the number of free and used
blocks.

Click the C/C++ perspective view icon ( By C/C+ ) on the top of the right side of the
tool.

Locate the comment "Block Usage Code Begin" in the file_system.c file.

If you do not remember how to perform this task, please refer to the Lab Reference
Guide > SDK Operations > Finding Text in a Source File.

Highlight the code that begins with this line down to and including the comment "Block
Usage Code End."

Right-click the highlighted block of code to open the pop-up menu.

Select Source > Toggle Comment to comment out this block of code.

Locate and highlight the block of code that begins with the comment "Block Usage Code
Begin" and ends with the comment "Block Usage Code End."

Right-click the highlighted block of code to open the pop-up menu.
Select Source > Toggle Comment to uncomment this section of the code.

Alternately, you may use the keyboard command ctrl-/.

This block of code is the mostly complete code to implement the display of file block
usage.

Save the file_system.c file.
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2-7.
2-7-1.

Build all of the projects.
Force the building of all applications by selecting Project > Build All.

Run | Project | Xilinx Tools Window Help

aE
-

VC.C

Open Project
Close Project

arg  Build All Ctrl+B ,
Build Configurations 4

Build Project
Build Working Set »
Clean...
v Build Automatically
Make Target »

D nertion

Figure 6-18: Selecting Build All

2-8. Use the MFS documentation to complete the line of code.

2-8-1. Locate the block of code that begins with the comment "// student to find and finish the
proper MFS cmd to determine block usage.”

2-8-2. Use the MFS documentation and update the function call to mfs_xxx_xxxxx in the
following line.

2-8-3. [Optional] Update the message to the user that presents the options for this application.

2-8-4. Save the file_system.c file again when the unfinished code is completed.
Continue when there are no compile errors.
Please make every effort to code this yourself. If you get stuck, the necessary line of code
can be found in the answers section.

2-8-5. Manually build the application by right-clicking the application to bring up the pop-up
menu.

2-8-6. Select Build Project to rebuild all the necessary files.

2-9. Run the program.

2-9-1. Right-click the fileSys project in the Project Explorer tab.

2-9-2. Select Run As > Launch on Hardware (System Debugger).
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2-10. Verify the output.

2-10-1. Enter the various commands and see how the number of free and used blocks change.

Question 4

How many total MFS blocks are there? Estimate the number of bytes in a block. (Recall that the
mfs_init_fs() function sets the number of bytes used by MFS.)

2-11. Terminate the program.

2-11-1. Follow the instructions as in instruction 2 of this step.

2-12. Exit the DocNav tool.
2-12-1.Click the X" in the upper right-hand corner of the tool.

2-13. Exit the SDK tool and power off the board.

2-13-1. Select File > Exit to close the SDK tool.
2-13-2. Power off the development board.

Summary

In this lab, you added the Xilinx XiIMFS file system library to a software platform, ran an
application that consumes and reports file system resources, and observed how many of these
commands manifested. You were also able to perform various file-related operations and gain
an understanding of MFS.
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An

1.

swers

How is the file system initialized? What do the arguments represent?

The file system is initialized on or near line 123 by the call to mfs_init_fs. Documentation for
the MFS file system is found in the OS and Libraries Document Collection, which points to the
LibXil MFS document.

The first argument corresponds to the number of bytes of memory addressable to the file
system. For example, this lab implements 64 MB of DDR memory. According to the code,
numbytes (65,536) were allocated—this would be a relatively small file system.

The second argument refers to the starting address in the file system memory, and the third
argument describes how the file system is to be created—from scratch, from a previously
loaded read/write memory, or a previously loaded read-only memory (useful for storing
tables of data).

Press the buttons in sequence starting at the top row of the table. Observe the messages
displayed on the LCD and determine the button functions.

Button Displayed Message Command Meaning

C testdirl created Directory create

C File created successfully File create

D directory deleted Directory delete

d testfilel deleted successfully File delete

r File could not be opened for reading Read file

C testdirl created Directory create

C File created successfully File create

r File read:test message Read file

d File deleted successfully Delete testfilel

d testfilel does not exist! Delete file, but it was already
deleted

Table 2. Desired Actions and Actual Results

3. What common file system functions are used?

mfs_init_fs(), mfs_exists_file( ), mfs_delete_file( ), mfs_file_open( ), mfs_file_read( ),
mfs_file_close( ), mfs_file_write( ), mfs_delete_dir( ), mfs_create_dir( ).
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4. How many total MFS blocks are there? Estimate the number of bytes in a block. (Recall that
the mfs_init_fs() function sets the number of bytes used by MFS.))

There are 123 blocks. The mfs_init_fs() function sets the number of bytes to 0x10000 (64K)
s0 65,536/123 = 532.8. Assuming the number of bytes in a block equals a power of 2, there
are likely 512 bytes in a block. With 123 blocks at 512 bytes each, that is 62,976 bytes. The
remaining bytes are probably used for file system overhead.

Code snippet for the Block Usage call:
if ((status = mfs get usage(&blocks used,&blocks free)) == 0) {
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Lab 7: Linker Script

Zynq All Programmable SoC ZC702 or ZedBoard

2016.3

Abstract

Linker scripts guide the linker in determining how to map the various sections of code and text
into physical memory. This lab demonstrates how to configure the linker script and observe
increased performance when utilizing different memory sections.

Objectives
After completing this lab, you will be able to:
e Outline the default and common memory segments generated by the gcc compiler

e Edit the linker script to place code and data into different sections of memory

Introduction

Many embedded systems contain multiple types of memory—DDR, OCM, cache, block RAM,
Flash, etc. How do the tools know how to use each of these memories? When a C compiler runs,
it groups initialized data, uninitialized data, code, stack, heap, and other blocks together. How
does it know where to put each block?

The linker script is read by the linker application and contains both a listing of the types of
memory available in hardware and their locations (addresses) in the system memory map and a
mapping between the sections of data and instructions to physical memory.

text
DDR
.data
constData Linker Script OCM RAM
.bss
BRAM
text_isr

Figure 7-1: Linker Script Maps Code and Data Segments to Physical Memory
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Some types of memory are better for some purposes than others. You will explore in this lab
how various code and data blocks are mapped to physical memory and witness how the linker
script can impact performance.

The following is a partial list of sections (and what they do) that are often generated by the gcc

compiler:

text Contains machine instructions for user and system code. Can be
subdivided into other blocks for finer grain memory positioning.

.data Contains static data defined in the code. Static does not mean
non-changing; rather it means "initialized".

.bss Comprised of uninitialized global or static variables.

.comment Contains version control information.

.debug_<various>

Debug information (as a result of the -g option).

.eh_frame Contains information for frame unwinding when exceptions are handled.
.heap Reserved for the heap; used for dynamic memory allocation.
.init Holds instructions for initialization code (run before user's C/C++ code).
.rodata Reserved for read-only data.
stack Reserved for the C/C++ function call stack.
.mmu_tbl Contains memory look-up tables for the memory management unit
(MMU).
General Flow
St : :
ep' L Step 2: St.ep‘3'
Loading — | Evaluatin = Optimizing
Archived - Performan%e “ | the Linker
Workspace Script
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Opening SDK and Loading the Archived Workspace Step 1

A project has been provided for you as a starting point for your exploration of
memory usage. Begin by opening the provided project.

1-1. Launch the SDK tool and set the workspace.

1-1-1. Select Start > All Programs > Xilinx Design Tools > SDK 2016.3 > Xilinx SDK 2016.3
to launch the tool.

Alternatively, you can launch the tool from its desktop shortcut, if available.
The Workspace Launcher opens after a moment.

The SDK tool creates a workspace environment that initially only contains a thin structure
that tracks tool settings and maintains the SDK tool log file. In SDK, as projects are
added, this workspace will update to include hardware projects, BSPs, and your software
applications. Workspaces can be switched from within the SDK tool (select File > Switch
Workspace).

If it becomes necessary to move a software application to another location or computer,
use the import and export features. Manually copying files is not recommended as
workspace files are set to use absolute path names and this will cause the tool to
become unstable.

The default location for the SDK software workspace (when launching from within the
Vivado® Design Suite) is the root directory of your hardware project; however, a long
path name can lead to problems on Windows-based machines. There is no default
location for the tool projects. Placing your project at the root level or one hierarchical
level below helps keep the path names as short as possible and is recommended.

Many of the Xilinx labs do not follow this guidance as it is important to keep a
predictable structure through the various courses and labs. These labs have been tested
to ensure that path name lengths do not cause problems.

1-1-2. Enter C:\training\LinkerScript\lab into the Workspace field or use the Browse button
when the Workspace Launcher opens.

Note that when you use the Browse button, you will need to select the
C:\training\LinkerScript\lab directory and click OK.

T8 Worispace Launcher o

Select a workspace

Xilinx SDK steres your projects in a folder called a workspace.
Choose s workspace folder to use for this session.

Workspace: I Use the Workspace Specified in the Instructions I - ‘ Browsze...

Use this as the default and do not ask again

Figure 7-2: Setting Up the Workspace Environment Path
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1-1-3.

1-1-4.

Click OK to close the Workspace Launcher dialog box and open the new workspace.

A workspace location and hardware platform are created when the Export Hardware
Design for SDK command is performed from the Vivado Design Suite (or they can be
created manually). While not a requirement, it is a good idea to keep the related files

together.

Note that SDK must associate with a hardware system that has been previously exported
so that an appropriate software platform or board support package can be built.
However, the SDSoC™ development environment can take advantage of available
platforms (for ZC702/ZedBoard). The hardware platform can be created for your custom
hardware.

Usually, a platform provider builds the platform hardware using the Vivado Design Suite
and IP integrator. For more information on platform creation, refer to the "SDSoC
Platform Creation" topic cluster.

When the SDK tool is launched on its own, you must manually identify where you want
the workspace and create (or import) the necessary hardware description to begin
developing an application.

Close the Welcome tab if it appears.

This will give you more room to view your project. You may also want to maximize the
SDK window, as there will be a lot to see.
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One or more projects can be exported as a single zipped file. This is convenient
when passing projects or parts of projects to teammates or clients. Once the
recipient has received this archive, the zip file must be processed and one or
more projects can then be imported.

1-2. Import an existing project.

1-2-1. Select File > Import to open the Import Wizard.

(L))

dit Mavigate Search Project Run  Xilinx

" New Alt+Shift+N »

: Open File...
-

: Cloze Ctrl+W

Properties Alt+Enter

Pt ™ o P

Figure 7-3: Accessing the Impor

The Import dialog box opens.

t Wizard

1-2-2. Expand the General node to access the commonly used methods (1).
1-2-3. Select Existing Projects into Workspace as the goal is to import an existing project (2).

e R o

Select ) \“
Create new projects frem an archive file or directory. ? 5 I
Select an import source:

1 rtext
General
[ frchice Eile
: |5 Existing Projects into Workspace
M o* o THE Systerm
*=® [T Preferences
> = C/C++
> (= Install
: [ Remote Systems
> [= Run/Debug
> = Team
: = Tracing
> = Kilinx
@ < Back Net> 1) Finish

Figure 7-4: Choosing to Import an Existing Project into the Workspace

1-2-4. Click Next to enter project-specific data (3).

& XILINX » ALL PROGRAMMABLE.

www.xilinx.com
© Copyright 2016 Xilinx

149



Lab 7: Linker Script Lab Workbook

1-2-5. Select the Select archive file option (1).

Note that projects can be archived either as single zip files, or you can import from a
directory. Typically, projects are preserved as archives as they are easier to move.

1-2-6. Click Browse to navigate to C:\training\LinkerScript\support (2).

1-2-7. Select linkerScript_student_[zc702 | zed].zip, which contains the archived projects.
1-2-8. Click Open to open the archive and list the various projects in that archive.

1-2-9. Select all of the projects to import (3).

T W

Import Projects
Select a directory to search for existing Eclipse projects,

-

ct root directory: 2 rowse...
elect archive file: I Per Instructions I Browse... D
Projects:
Select All

Deselect All
®

Opticns
Search for nested projects
Copy projects into workspace
|| Hide projects that already exist in the workspace
Working sets
[] Add project to working sets

Select...

(4)
@ Next » Q Finish = Cancel |

Figure 7-5: Import Settings for Archived Projects

1-2-10. Click Finish to perform the importing of the project (4).
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There are two aspects that need to be considered when dealing with the linker
script. The first is to understand the sections that were created by the compiler.
The GNU tool suite offers a tool called objdump that with the appropriate
arguments will display various types of information contained in the ELF
(executable and load format) file produced by the tool chain (compiler, linker,
loader).

A small jar file ("executable” Java code) has been provided for you as a shortcut.
This file runs objdump on the ELF file that you provide and displays an
alphabetically sorted list of memory sections. This is done so that you do not
need to manually run the objdump tool then scan through the lengthy list of
sections that is dumped when the symbol table option is provided.

1-3. Run the objDump_helper.
1-3-1. Browse to C:\training\LinkerScript\support using Windows Explorer.
1-3-2. Double-click objdump_helper.jar to launch the jar file.

Note: If the tool does not launch, you will need to confirm that there is a Java virtual
machine installed on the PC.

1-3-3. Browse to C:\Xilinx\Vivado\2016.3\tps\mingw\[highest version number]\win64.0\nt64\bin
using Windows Explorer.

1-3-4. Drag-and-drop objdump.exe into the objdump@ field

1-3-5. Browse to C:\training\LinkerScript\labslinkerScript_app\Debug using Windows Explorer.

1-3-6. Drag-and-drop linkerScript_app.elf into the ELF file field of the objdump_helper
program.

1-3-7. Click Run objDump and Show Results to read the ELF file and display the memory
sections in the results text area.

Question 1

List the sections allocated for code and for data.
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Now that you know what the key sections are, it is time to look at the linker script
and see where these sections are mapped to in hardware.

1-4. Open the linker script associated with the linkerScript app project.
1-4-1. Expand linkerScript_app > src to see all the sources associated with this project.

The linker script (named Iscript.ld) is considered a source and therefore is located under
the src directory.

I2 Project Explorer & -
= -app
= U 3 Binaries
. b k! Includes
¥ 4
# + (= Debug \
SIC »*
@ E
LI F
- o R
LB  d
- ¢
E 1
v.. ) @
A [ 4
Tl Iscript.Id :

> [l !i%ﬁrﬁc;igt bsp o

Figure 7-6: Accessing an Application's Linker Script

1-4-2. Double-click Iscript.ld to open it in the main workspace pane.

A formatted summary of the linker script is displayed with the Summary tab (on the
bottom) showing by default configuration.

] Iscript.d 22 = 8

Linker Script: Iscript.ld

A linker script is used to control where different sections of an executable are placed in men
In this page, you can define new memary regions, and change the assignment of sectionsto I1=

Available Memory Regions

Name Base Address Size

p I | r
Summary | Source Display the Actual
Linker Script Code

Graphical Summary

Figure 7-7: Linker Script View Showing the Default Summary
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1-4-3. [Optional] Select the Source tab below the linker script display to review the actual linker
script code.

Question 2

What are the three main sections in the linker script display?

Question 3

Where are all the memory regions mapped to?
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Evaluating Performance Based on the Provided Linker Script Step 2

The provided design uses a timer to measure performance. It first measures the
amount of time it takes to perform a single pass of a for loop (which is used later
to obtain a more accurate measurement of the time it takes to call a function).
After this measurement is made, it calls a function in another loop and subtracts
out the loop time. This provides a pretty good measurement for how long it takes
to run the function.

The premise is that by moving this function and its associated data from DDR
memory to faster/lower-latency memories that this function will take less time to
execute. You will now test this premise by measuring the current configuration as
a baseline, then moving the various data and instruction sections to different
memories to see if there is any performance improvement.

Begin by understanding how this code works.

2-1. Open linkerScript main.c in the editor.
2-1-1. Locate linkerScript_main.c using the Project Explorer pane.

Note: You may need to expand the branches of the tree (project name > src).
2-1-2. Double-click the source file to open it in the editor window.

Alternatively, you can right-click the source file name and select Open.

The Open With option provides access to other editors, including those outside the SDK
tool environment.

[ Project Explorer 32 BE&%|Y v=8
4

o, src
Right-Click Source File
6] SDSoC_lab_destt =
New
Oper
X Open Wi 7
» ([ B o Ediear

. | B TetEdior

Source v | 2] SystemEditor
Move... | In-Place Editor
Default Editor

Export.. Other..

Index

Resource Configurations
Build Selected File(s)
Clean Selected File(s)

Team
are With

Figure 7-8: Opening a Source File via Right-Click

2-1-3. Locate the comment "measure how long it takes to do a loop" to locate the code that
measures loop duration.

154 www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
© Copyright 2016 Xilinx



Lab Workbook Lab 7: Linker Script

2-2.

2-2-1.

2-2-2.
2-2-3.
2-2-4,

2-2-5.

Find measure how long.

The find/replace operation is accessible through both a click sequence and a
keyboard shortcut.

Select Edit > Find/Replace or press <Ctrl + F>.
The Find/Replace dialog box opens.

i ™
== Find/Replace l-:" =l ﬂ_?-J

Find: | -

Replace with: -

Direction Scope
@ Forward @ All
() Backward (1 Selected lines

Options
[] Case sensitive Wrap search

Wholewerd  [] Incremental

[ Regular expressions

Find Replace/Find

Replace Replace All

Close

Figure 7-9: Default Find/Replace Dialog Box

Enter measure how long in the Find field.

Click Find or press <Enter> to find the next occurrence of measure how long.
Continue clicking Find or pressing <Enter> until you locate the specific instance that
you are looking for.

With the Wrap search option enabled, the file is treated as a continuous loop and the
find operation will jJump to the next occurrence at the top of the file (when searching
forwards) or at the bottom of the file (when searching backwards). A "ding" sound is
made when the search wraps around.

If you are looking for text within a specific region of the code you would first highlight
the region to perform the search in, then launch the Find/Replace function as described
in this topic.

Click Close to close the Find/Replace dialog box.

The next few lines measure and display the loop overhead.
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Question 4

How is the loop overhead measured?

2-2-6. Look at the next section of code below the comment "// measure how long it takes to call
a function".

Question 5

How is the time that is needed to execute a function computed?

Question 6

Is this an accurate way to measure time?
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Prior to launching the application, the board must be configured with the
bitstream. Make sure that the hardware is properly cabled. Connect the cables
(USB-UART and USB programming cables) and power on the board.

2-3. Program the device.

The bitstream resides within the SDK workspace as it was imported when
the hardware platform was created.

2-3-1. Select Xilinx Tools > Program FPGA or click the &% icon.
The Program FPGA dialog box opens.

The default bitstream is the bitstream that is part of the collection of files that was
exported from the Vivado Design Suite.

The BMM/MMI file is used to describe how block RAM memory clusters are loaded with
instruction and/or data information that is contained as part of the bitstream. The BMM
format is used in older versions of the tool, while the MMI format is used in newer
versions of the tool. Typically, Zynq All Programmable SoC-only designs do not require a
BMM/MMI file, and MicroBlaze processor designs do require their use.

ELF files, under the Software Configuration section of the dialog box, are also related to
BMM/MMI usage. If no BMM/MMI file is specified, then this section will remain empty.

2-3-2. Keep all default settings and click Program to program the programmable logic portion
of the device.

Bl Program FPGA =5
Program FPGA
Specify the bitstream and the ELF files that reside in BRAM memory
Hardware Configuration
Hardware Platform: | Automatically Populated | V‘
Connection: ‘Lo:al V‘ | Mew |
Device: Auto Detect Select
Bitstream: |_Automatically Populated | [scarch... [Browse. |
eMb/MbIFle: | Conditionally Populated J [search...| [Browse. |
Software Configuration
Pracessar ELF File to Initialize in Black RAM
| Conditionally Populated ||
] i, b
V| Run reset_zynqpl
. Conditionally
@,I i Set I Pragram Cancel

Figure 7-10: Programming the FPGA

It will take about a minute to configure the programmable logic. A progress bar will
appear to show how far along the programming process is. Typically, the progress bar
will pause near the halfway mark for a few seconds before completing the configuration.
The result of the FPGA configuration can be viewed in the SDK Log tab at the bottom of
the IDE.
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Since the application will report these times through the serial port, the Terminal
tab must be configured to the proper settings and enabled (connected).

The SDK terminal is an interface that only supports serial port/UART
communications. The more general Terminal tab is able to support other formats,
such as SSH and Telnet.

2-4. Locate the SDK Terminal tab. Generally this tab is found in the same panel
as the console.

2-4-1. Select Window > Show View > Other > Xilinx > SDK Terminal to open the SDK
Terminal tab if it is not currently visible.

This tab typically opens in the same window as the console.

2-5. Configure the SDK Terminal.

2-5-1. Click the green '+' sign to open the Connect to Serial Port dialog box.

=1 SDK Terminal 52 @ g = 8
|

Click on + button to add a port to the terminal 0.._ -

L T g
I send| Gear]

Figure 7-11: Adding/Associating a Port to the Terminal

A pop-up appears asking you to configure the settings for the serial port.
2-5-2. Select the serial port that is connected to the device you want to communicate with (1).

This is the port number associated with the Serial Port/USB connection from your board.
This is often the highest-numbered com port, but not always. Your board must be
powered on in order to see this port.

2-5-3. Set the baud rate to 115200 (2).

2-5-4. Leave the other settings at their defaults.

80k Connect to serial p

Basic Settin

Port:

Baud Rate|
~ Advance Settings

Data Bits: 8

Stop Bits: 1

per instructions

per instructions,

4

il

Parity: None

Flow Control:  |None

Timeout (sec)

Figure 7-12: Configuring the SDK Terminal

Ll
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2-5-5. Click OK to save these settings and begin the terminal session (3).

The linker script controls where various pieces of the software reside in physical
memory and how the physical memory is partitioned for use by the application.

2-6. Create a custom linker script for a C/C+ + application.

2-6-1. Right-click linkerScript_app.
2-6-2. Select Generate Linker Script.

File Edit Source Refactor Mavigate Search Run Proje

n»n Y N

«
.
.
H “re e from eecal Hiew .
.

. #* Run C/C++ Code Analysis -

Y
(E Generate Linker Script } {
T Lhange Rererence
A Create Boot Image

r
Al LG s g § g
Figure 7-13: Accessing the Generate Linker Script Capability

The Generate Linker Script dialog box appears.

@ Generate a linker script

Generate linker script

Control your application's memory map.

Qutput Settings Basic Advanced
Project: Application Name
o : t|5 = PP I Place Code Sections in:
utput Script: s
o electable Memory
| Project Path ‘\Iscript.ld Place Data Sections in: Regions
Modify project build settings as follows: Place Heap and Stack in:
[Set generated script on all project build configurations 'l Heap Size: w o
Hardware Memory Map Stack Size: @
Memory Base Address Size
. [0 e e b B
Defined Memory I
. Oocies e (R}
Regions
[0)TeR L £13% B
» Fixed Section Assignments.
(':7) Generate Cancel

Figure 7-14: Common Sections of the Generate Linker Script Dialog Box

From here, you can select where your code, data, and help sections reside in physical
memory, as well as assigning how much space is allocated to your heap and stack.
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2-6-3.

2-6-4.

2-6-5.
2-6-6.

Zynq AP SoC users: Verify that ps7_ddr_0_S_AXI_BASEADDR is selected as the memory
area used from the Code Sections, Data Sections, and Heap and Stack drop-down lists
(1).

Leave the Stack and Heap sizes at 1 KB (2) as the user code does not require any heap.

Note that some library functions may require the heap but since there are very few
function calls for the application in this lab, a 1K stack size is sufficient.

Click Generate to build the linker script.
Click Yes if you are asked to overwrite the existing linker script.

The new linker script will be generated.

Configurations are a very powerful ally in setting up a run for a very specific set of
criteria. Often, however, the default configuration settings are adequate and there
is no need to click through a number of dialogs just to run the program.

2-7. Run linkerScript_app with the default configuration settings.
2-7-1. Right-click linkerScript_app in the Project Explorer to open the context menu.
2-7-2. Select Run As > Launch on Hardware (System Debugger) to immediately launch the
application on the hardware.
Note: Selecting Run As > Launch on Hardware (GDB) will also work; however, this is a
deprecated flow.
If an application is already running, a warning message will appear asking you to
terminate the previous session. If you receive this message, click Yes to terminate the
running application and run the new scenario.
The application runs.
--- Alternate Method ---
Select linkerScript_app in the Project Explorer tab.
Once the application project is selected, you can launch the run by:
o Use the menu bar to select Run > Run.
» Then select one of the options from the Run As window (this window will pop up
only if there is no Run configuration).
o Press <Ctrl + F11>.
» C(Click the Run icon (3).
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Question 7

Record the output of the application (function call overhead) in the DDR (Zynq AP SoC) Only
Configuration Time (In Counts) column in the table below.

Function DDR Only (Zynq AP | OCM RAM (Zynq AP | Zynq AP Soc Hybrid
Call Soc) Configuration SoC BRAM) Time (In Memory Usage
Number Time Counts) (In Counts)
(In Counts)

1

2

3

4
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Optimizing the Linker Script and Re-Evaluating Step 3

For the purpose of this lab, the absolute values of these calls are not of concern
(you are not trying to achieve a specific performance); rather, the relative
performance between running the entire application from DDR and other
configurations is.

You will begin by changing the linker script to place the data and code sections in
a memory more local to the processor than the DDR.

3-1. Change the mappings of all of the sections of code from DDR to lower
latency memory.

This will cause the loader to place all the sections (for both instructions and
data) into the OCM RAM in the PS.

3-1-1. Right-click linkerScript_app.
3-1-2. Select Generate Linker Script from the context menu.

@ C/C++ - linkerScript_app/src/lscript.ld - Xilinx SDK
File Edit Source New 5 Ri
o > | & Go Into €,
[25 Project Explorer Open in New Window ol
PR i
= I|:ke‘5cri|pt_a| =| Copy Ctrl+C &
’ $ ;ﬁnarles Paste Ctrl+V :
" b .ncludes ® Delete Delete )t?
a="ehyo - LY
. yet!
L]
s right-click
*
%, ks Create BootImage g
'c. P e
Tl Generate Linker Script
C/C++ Build Settings
3B Rught/Cas Late ™ A

Figure 7-15: Starting the Generate Linker Script Wizard

The Linker Script Wizard opens.

The Advanced tab provides fine granularity section placement; however, this granularity
is not required for the next instruction so, for convenience, you will perform the
following tasks from the Basic tab.

3-1-3. Zynq AP SoC users: Select ps7_ram_0_S_AXI_BASEADDR from the Code, Data, and

Heap and Stack sections drop-down lists.
3-1-4. Leave the heap and stack size at their default 1KB.
3-1-5. Click Generate to build the new linker script.
3-1-6. Click Yes to overwrite the existing linker script.
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Observe the effects of this change.

Configurations are a very powerful ally in setting up a run for a very specific set of
criteria. Often, however, the default configuration settings are adequate and there
is no need to click through a number of dialogs just to run the program.

3-2. Run linkerScript_app with the default configuration settings.

3-2-1. Right-click linkerScript_app in the Project Explorer to open the context menu.

3-2-2. Select Run As > Launch on Hardware (System Debugger) to immediately launch the
application on the hardware.

Note: Selecting Run As > Launch on Hardware (GDB) will also work; however, this is a
deprecated flow.

If an application is already running, a warning message will appear asking you to
terminate the previous session. If you receive this message, click Yes to terminate the
running application and run the new scenario.

The application runs.

--- Alternate Method ---

Select linkerScript_app in the Project Explorer tab.

Once the application project is selected, you can launch the run by:

o Use the menu bar to select Run > Run.

* Then select one of the options from the Run As window (this window will pop up
only if there is no Run configuration).

o Press <Ctrl + F11>.

= Click the Run icon (@).

Question 8

Fill in the OCM RAM (Zynq AP SoC BRAM) Time (In Counts) column in the previous table
(function call overhead).

Question 9

What was the net effect of moving code and data out of DDR and placing it in lower latency
memory?
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Question 10

Will this approach always work?

Question 11

How can you force the compilation tools to place functions that must have low latency into
memories that support lower latency?
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Here you will mark the C code to indicate which pieces of data and code can be
moved to different sections in memory.

If you closed the editing tab, you will need to reopen the source file as described
above.

Attributes are used to direct the compiler and linker/loader to treat certain
functions and variables differently. The generic format for an attribute is
"__attribute_ ((<attribute to apply>))";

Attributes for the GNU C Compiler are covered in detail on the GNU website. For
your optional exploration, here are links to the site where attributes are
discussed:

o For functions: gcc.gnu.org/onlinedocs/gcc/Function-Attributes.html.
o For variables: gcc.gnu.org/onlinedocs/gcc/Variable-Attributes.html.
o For types: gcc.gnu.org/onlinedocs/gcc/Type-Attributes.html.

You will use attributes to place a function and variables into different segments.

3-3. Apply a new section attribute for targetFunction().

3-3-1. Find the targetFunction() prototype below the "function prototypes" comment.
3-3-2. Change the line to read:

int targetFunction(int x) __attribute__((section(".text_lowLatency")));

This will cause the compiler to create a new section named ".text_lowLatency" and the
function will be placed into that section. The name of the section is not important other
than it should provide you with some meaning. Since this function will be called
frequently, it will be placed into low latency memory.

3-4. Apply a new section attribute for the table of constants named constTbl[][].
3-4-1. Find the constTbl variable definition below the "constant table" comment.
3-4-2. Change the lines to read:

int constTbIWidth __attribute__((section(".data_constTbl"))) = 3;

int constTblLength __attribute__((section(".data_constTbl"))) = 2;

int constTbl[2][3] __attribute__((section(".data_constTbl"))) = {{1,3,5}, {2,4.6}};

This will cause the compiler to create a new section named ".data_constTbl" and will
place these three variables into this section. As with the function segment, the segment
name is not important other than it should be meaningful to you and should not
duplicate an existing segment name.
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3-5. Save and compile your open source file.

3-5-1. Press <Ctrl + S>, click the Save icon (Li:i.l) or the Save All icon ("lféﬂ), or select File > Save.

Each time a file is saved, it is automatically rebuilt. You can monitor the behavior in the
console view. Alternately, you can force all sources to be rebuilt by selecting Project >

Build All.
Run | Project | Xilinx Tools Window  Help
- Open Project
Close Project
WL
g Build All Ctr@
Build Configurations »

Build Project
Build Working Set »
Clean...

v Build Automatically
Make Target 4

Crnnerting

Figure 7-16: Selecting Build All

3-6. Check to see if the new sections have been properly created.

3-6-1. Return to the objdump_helper program and click Run objDump and Show Results to
reread the ELF file and display the memory sections in the results text area.

Question 12

Do the new segments show up?
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3-7. Move all the sections back to DDR memory.

This will cause the loader to place all the sections (for both instructions and
data) into the DDR RAM as this is typically where larger programs must
reside.

3-7-1. Right-click linkerScript_app to access the options for this project.

3-7-2. Select Generate Linker Script from the context menu to open the Linker Script Wizard.

M C/C++ - linkerScript_app/src/lscript.d - Xilinx SDK
File Edit Source New N Ri
il | & Go Into i}
[25 Project Explorer Open in New Window P
= .
4 |= ||:ke‘5cri|pt_a| > Copy Cirl+C :
> 4%, Binaries Paste Ctrl+V
s [ Ihcludes ot

. X Delete Delete ?
p=ebun - Y
- sl
-
wright-click
.

[y

., ks Create BootImage Lle]
L4

‘) P e
T Generate Linker Script
C/C++ Build Settings
B Rugh/Cak et o -

Figure 7-17: Starting the Generate Linker Script Wizard

The Linker Script Wizard opens.

Since the gross-level placement can be made from the Basic tab, you will perform the
following tasks from the Basic tab.

3-7-3. Zynq AP SoC users: Select ps7_ddr_0_S_AXI_BASEADDR from the Code, Data, and
Heap and Stack drop-down lists.
3-7-4. Leave the heap and stack size at their default 1KB.

3-7-5. Do NOT click Generate, as there are a few more changes required for this linker script.
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3-8.

3-8-1.
3-8-2.

3-8-3.

3-8-4.

3-8-5.

3-9.

3-9-1.

Place targetFunction() and the constant table into OCM RAM for the Zynq
AP SoC.

So far you have been working in the Basic tab to change memory targets.
The Advanced tab offers additional options for finer granularity segment
placement.

Select the Advanced tab (1).

Click Add Section under the Code Section Assignments area (2).

Here you will add the name of the new code section that you created for
targetFunction().

Enter .text_lowLatency in the section name field, which is the name of the segment for
the function that you want low latency for.

Click OK to register the new name (3).

The new name now appears in the Code Section Assignments area.

BYE Generate a linker script 83
Generate linker script
Control your application’s memory map.
Output Settings Basic { Advanced

Project: linkerScript_app
Output Script:

S

Code Section Assignments

Section Assigned Memary Compiled S...
Browse text

Modify project build settings as follows:

Set generated script on all project build configurations - ‘

,oee"§ [Add section
.
Hardware Memory Map

.
.....
Memory B Add a custom code section <=+

Enter section name:

| Section Name per Instructions

Figure 7-18: Adding a Section to the Linker Script

Zynq AP Soc users: Use the drop-down list in the .text_lowLatency row to select
ps7_ram_0_S_AXI_BASEADDR.

Place the constant table and supporting variables into OCM RAM for the
Zynq AP SoC.

While the constant table is not actually an executable (code) segment, it can
be entered into the Code Section Assignments area anyway.

Click Add Section under the Code Section Assignments area.

Here you will add the name of the new data section that you created for the constant
table and supporting variables.
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3-9-2. Enter .data_constTbl in the section name field, which is the name of the segment for the

function that you want low latency for.
3-9-3. Click OK to register the new name.

The new name now appears in the Code Section Assignments area.

3-9-4. Zynq AP Soc users: Use the drop-down list in the .constTbl row to select
ps7_ram_0_S_AXI_BASEADDR.

3-10. Generate the new linker script.

3-10-1. Click Generate to build the new linker script.

3-10-2. Click Yes in the dialog box asking if the existing script file should be overwritten since a

linker script already exists.

3-11. Rerun the application to observe the new performance of the hybrid
memory usage version of the linker script.

3-11-1. Select Run > Run to relaunch the application.
3-11-2. Select the Terminal tab to see the results of the run.

Question 13

Fill in the Zynq AP SoC Hybrid Memory Usage (In Counts) column in the previous table
(function call overhead).

Question 14

What kind of performance difference do you observe?
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Summary

The configuration of the linker script can have a huge impact on the overall performance of a
system.

You began by running the entire application from DDR memory. You then reconfigured the
linker script to run from fast, local memory and saw significant performance improvements. But,
because it is rare that a real application is small enough to fit in the local memory, you tested a
compromise—leaving the bulk of the code in DDR and moving the frequently used data and
function into local memory. When you reran this configuration, you saw that the performance
was very close to that of the local memory use.

Note that the caches were disabled. It is left as an exercise to the student to comment out the
cache disables and move all of the application back into DDR memory and rerun the tests.
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Answers

1. List the sections allocated for code and for data.
e Code sections: .text
o Data sections: .bss, .data, .init, .init_arry, .rodata

e Other important sections: .stack, .heap

2. What are the three main sections in the linker script display?

The Available Memory Regions section shows the physical memory available in this
hardware design.

The Stack and Heap Sizes section lists the number of bytes associated with each of these
sections.

The Section to Memory Region Mapping section shows the mapping between the code
sections and the physical memory.

3. Where are all the memory regions mapped to?

All the sections are mapped to DDR memory.

4. How is the loop overhead measured?

The timer is read and a loop sequence is started. At the end of the loop sequence, time is
read again. This difference between the start and the end is measured and rounded off.
Since calling the time reading routine itself takes time, this time is removed from the
calculation.

5. How is the time that is needed to execute a function computed?

In a similar way to how the loop overhead was measured. A time measurement is taken and
the function is called four times. The difference in time is recorded for each call. The
overhead due to the for loop is subtracted out.

6. Is this an accurate way to measure time?

It is for the purpose of this lab. The difficulty comes in that the first time the function is
called it must be pulled into the cache from DDR. The subsequent calls will run the function
from cache. This is why the time for each call is independently recorded, so that you can see
the impact of the cache on performance.
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7. Record the output of the application (function call overhead) in the DDR Only (Zynq AP
SoC) Configuration Time (In Counts) column in the table below. (Your numbers may not
match exactly.)

Function DDR Only (Zynq AP | OCM RAM (Zynq AP | Zynq AP Soc Hybrid
Call SoC) SoC BRAM) Time Memory Usage
Number Configuration Time (In Counts) (In Counts)
(In Counts)

1 151

2 122

3 127

4 127

8. Fillin the OCM RAM (Zynq AP SoC BRAM) Time (In Counts) column in the previous table
(function call overhead). (Your numbers may not match exactly.)

Function DDR Only (Zynq AP | OCM RAM (Zynq AP | Zynq AP SoC Hybrid
Call SoC) SoC BRAM) Time Memory Usage
Number Configuration Time (In Counts) (In Counts)
(In Counts)

1 151 55

2 122 53

3 127 53

4 127 53

9. What was the net effect of moving code and data out of DDR and placing it in this lower

latency memory?

You should have seen an improvement in the performance on the order of x2.5 for the Zynq

AP SoC system.
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10. Will this approach always work?

Unfortunately not. The presence of caches definitely helps with functions and data that is
frequently used, but cache behavior is non-deterministic and may suffer for long latency just
at the wrong moment. If the application is small enough, it can be run from these faster
memories; however, this is often not the case—local (low-latency) memory is expensive and
there is rarely enough of it.

Time to compromise—move everything back to DDR except the functions and data that
need the low latency (such as frequently used data and functions and interrupt service

routines).

11. How can you force the compilation tools to place functions that must have low latency into
memories that support lower latency?

Specific functions and variables can be marked and placed into their own segments. These
segments can then be mapped to the desired memories.

12. Do the new segments show up?

The answer should be yes. If not, return to SDK and make sure that there were no errors and,
if necessary, for a rebuild of the application.

13. Fill in the Zynq AP SoC Hybrid Memory Usage (In Counts) column in the previous table
(function call overhead). (Your numbers may not match exactly.)

Function DDR Only (Zynq AP | OCM RAM (Zynq AP | Zynq AP SoC Hybrid
Call Number SoC) SoC BRAM) Time Memory Usage
Configuration Time (In Counts) (In Counts)
(In Counts)
1 151 55 122
2 122 53 115
3 127 53 119
4 127 53 115

14. What kind of performance difference do you observe?

You should have noticed much better performance than the pure DDR design and perhaps
almost as good as the local memory.
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Lab 8: Software Interrupts
Zynq All Programmable SoC ZC702 or ZedBoard

2016.3

Abstract

Interrupts provide a low-latency response to events. This lab demonstrates how to replace a
software timing loop with an interrupt-driven timer.

Objectives

After completing this lab, you will be able to:

e Navigate Xilinx processor device services documentation
e Use the BSP processor interrupt services

e Navigate device driver API documentation

e Describe interrupt controller and timer device driver services

Introduction

There are two basic ways for software and hardware to communicate information regarding
events: polling and interrupting. Polling is the practice of periodically, at the software's
convenience, reading from a device to see if anything has happened. While this technique is
acceptable for certain types of applications, there are times that the hardware needs to get the
software's attention right away. This is done by using an interrupt.

An interrupt is simply a line tied to the processor that, when asserted, causes the processor to
stop the normal flow of execution and run a special function known as an interrupt handler or
interrupt service routine (ISR). This interrupt handler is a small, user-written, specialized piece of
code that reacts in a prescribed way to the event that caused the interrupt.
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This lab will convert a stopwatch application from a software-based timing loop (polled) to an
interrupt-driven timer-based one. The application program has been mostly written for you and
includes usage of the general interrupt controller (GIC) and snoop control unit (SCU) timer
peripherals for the Zynq® All Programmable SoC device and an interrupt controller and AXI
timer for MicroBlaze™ processor-based designs.

Cortex A9 Cortex A9

10P

Block A A4 A A
scu
GIC

T !

From PL ToPL

IRQ
FlQ
IRQ
FlQ

Figure 8-1: Zynqg AP SoC Interrupt Block Design for this Lab

MicroBlaze

AXIl
AXl Intc g

Interrupt b

Figure 8-2: MicroBlaze Processor Interrupt Block Design for this Lab

The application program performs the following regarding the interrupt:
o Initializes the processor interrupts
o Initializes the interrupt controller

e Registers the interrupt controller interrupt service routine (ISR) with the processor interrupt
data structure

e Registers the timer ISR with the interrupt controller interrupt data structure

You will be required to search BSP processor services documentation to find and use the correct
processor service calls that initialize the processor interrupt data structure and enable interrupts.
You will also examine the provided API documentation for the GIC and SCU timer device driver
services.

General Flow

Step 1: Step 2: Step 3:
Creating an =N F|n|.sh'|ng and =N Configuring
SDK Software| - | Buildingthe | and
Application Application Testing
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Creating an SDK Software Application Step 1

You will begin this step by launching the Xilinx Software Command Line Tool to
run a short Tcl script that creates a hardware project, a BSP project, and a blank
application. The script also imports the provided C source code. You will then
open the SDK tool to view what was created. This step concludes when you
modify the linker script and set custom compiler options.

You will use the general-purpose (shared) workspace directory to store all the
applications that you develop. If there are other projects in this workspace you
will see how multiple projects can be managed in a single Xilinx SDK workspace.

1-1. Launch the Xilinx Software Command Line Tool (XSCT).

1-1-1. Select Start > All Programs > Xilinx Design Tools > SDK 2016.3 > Xilinx Software
Command Line Tool 2016.3 to launch the tool.

Alternatively, you can launch the tool from its desktop shortcut, if available.

P
.' ilinx Design Tools
] (: Uninstall Xilinx Information Center
:' B Xilinx Information Center
DocNav

.
: Hardware Server 201
DK 201

£ - -
& v Manage Xilinx Licenses

" Xilinx SOK 201
Bl Xilinx Software Command Line TOB

Vivado J01 -

Back

s and files P |

Figure 8-3: Launching XSCT

The Xilinx Software Command Line Tool opens.

B Xilinx Software Command Line Tool 201 - C:Xilinx\SDK\201"  \bin\xsct.bat X

e[ »

e Xilinx Software Commandline Tool (XSCT) w2l
xx%x Build date : .
xx Copyright 1986-201" Xilinx, Inc. All Rights Reserved.

xsct?

B ol AP P i e P P P el < s

Figure 8-4: Xilinx Software Command Line Tool

You can now enter Tcl commands into the tool.
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1-2. Run the provided Tcl script to build the SDK workspace

1-2-1. Enter the following command to change the directory to the location of the Tcl script
you want to run:
cd c:/training/SWinterrupts/support

1-2-2. Enter the following command to run the script:
source SWinterrupts builder.tcl
This will load the environment with the Tcl procs.

1-2-3. Enter the following command to specify the board type, using either ZC702 or Zed as the
argument to the use proc:
use [zc702 | zed]

1-2-4. Enter the following command to build the projects using the Tcl proc buildProject:
buildProjects
You will notice errors and warnings. You can ignore these for now.

1-2-5. Click the red 'X' in the upper right-hand corner of the window to close the Tcl
environment.
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The Tcl script just saved you the time and effort of creating a workspace, a
hardware specification project, a BSP project, an application project, and adding
sources to the application project. You will continue from here by running the
SDK tool and proceeding with the normal flow of application development and
debugging.

1-3. Launch the SDK tool and set the workspace.

1-3-1. Select Start > All Programs > Xilinx Design Tools > SDK 2016.3 > Xilinx SDK 2016.3
to launch the tool.

Alternatively, you can launch the tool from its desktop shortcut, if available.
The Workspace Launcher opens after a moment.

The SDK tool creates a workspace environment that initially only contains a thin structure
that tracks tool settings and maintains the SDK tool log file. In SDK, as projects are
added, this workspace will update to include hardware projects, BSPs, and your software
applications. Workspaces can be switched from within the SDK tool (select File > Switch
Workspace).

If it becomes necessary to move a software application to another location or computer,
use the import and export features. Manually copying files is not recommended as
workspace files are set to use absolute path names and this will cause the tool to
become unstable.

The default location for the SDK software workspace (when launching from within the
Vivado® Design Suite) is the root directory of your hardware project; however, a long
path name can lead to problems on Windows-based machines. There is no default
location for the tool projects. Placing your project at the root level or one hierarchical
level below helps keep the path names as short as possible and is recommended.

Many of the Xilinx labs do not follow this guidance as it is important to keep a
predictable structure through the various courses and labs. These labs have been tested
to ensure that path name lengths do not cause problems.

1-3-2. Enter C:\training\SWinterrupts\lab into the Workspace field or use the Browse button
when the Workspace Launcher opens.

Note that when you use the Browse button, you will need to select the
C:\training\SWinterrupts\lab directory and click OK.

B Workspace Launcher |

Select a workspace

Kilinx SDK stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

Workspace: | Use the Specified in the i | v [ Browse.

Use this as the default and do not ask again

Figure 8-5: Setting Up the Workspace Environment Path
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1-3-3.

1-3-4.

Click OK to close the Workspace Launcher dialog box and open the new workspace.

A workspace location and hardware platform are created when the Export Hardware
Design for SDK command is performed from the Vivado Design Suite (or they can be
created manually). While not a requirement, it is a good idea to keep the related files

together.

Note that SDK must associate with a hardware system that has been previously exported
so that an appropriate software platform or board support package can be built.
However, the SDSoC™ development environment can take advantage of available
platforms (for ZC702/ZedBoard). The hardware platform can be created for your custom
hardware.

Usually, a platform provider builds the platform hardware using the Vivado Design Suite
and IP integrator. For more information on platform creation, refer to the "SDSoC
Platform Creation" topic cluster.

When the SDK tool is launched on its own, you must manually identify where you want
the workspace and create (or import) the necessary hardware description to begin
developing an application.

Close the Welcome tab if it appears.

This will give you more room to view your project. You may also want to maximize the
SDK window, as there will be a lot to see.

When running the Tcl script, you might see some error messages depending on the
hardware platform that you are using. These errors are the result of undefined constants.
You will address these now.

Since the source code that you just imported is used for several different processors and
peripheral configurations, you will set compile SYMBOLS to direct the compiler to
include the right instructions for both the processor and LCD peripheral.

Use the following table to determine which options you will select, then use the
subsequent instructions to set at least one processor and, optionally, enable the LCD.

Symbol Name Purpose

CORTEX_A9 Defined when the processor target is the Cortex™-A9 processor
(Zed and ZC702 platforms)

MICROBLAZE Defined when the processor target is the MicroBlaze processor
(on the Zed and ZC702 platforms)
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Compiler options describe the designer's intentions and goals to the compiler.
These options directly affect how the object file is constructed. Here you will visit

some of the most commonly used options.

1-4. Access the compiler options for the application.

1-4-1. Right-click the application to change or verify compiler options for and select C/C+ +

Build Settings.

HR c/ces - - Xilinx SDK

File Edit Source Refactor Navigate Search Project Xilinx1
milk g [®~f-pEeHED W E
[ Project Explorer & BE&|lw =

» &

a= agphration

il . New »

.

0 Go Into

rf"'h"‘"““ﬁl..lu-““"#'-ﬂ"“

.
.
-
% W wnang U s

".‘.)1‘53 Generate Linker Script
C/C++ Build Settings

#° Run C/C++ Code Analysis

Sl o ProDEES . . Atfger |

Figure 8-6: Accessing the Compiler Settings for a Specific Application

The C/C++ Build Settings dialog box opens.

1-4-2. Click Settings to access the specific settings for the compiler.

@ Properties for gpio_test_app

Settings

» Resource
Builders

I?I@

- v v

e

/C++ Build Canfiguration: IDebug [ Active ]

'] IManage Configurations‘..l

H Build Variables
- Environment .

/ . 4@ gce assembler Command:
ain Editor 12 General All options:
» CfC++ General e gce compiler
Project References (& Symbols

Run/Debug Settings (2 Wamnings

£ Optimization

Figure 8-7: Accessing the Compiler Settings
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1-5.

Compiler symbols enable you to define symbols for the pre-processor. By
defining symbols here, no changes need to be made to the source code. The
Defined Symbols entry enables you to add, remove, edit, and reorder your
symbols.

Remember that #ifdef only tests to see if a preprocessor symbol has been
defined or not, and #if can test against specific values (e.g., assigning a
value to a symbol can be done like this: NEW_SYMBOL 123)

1-5-1. Click Symbols under the compiler entry under Tool Settings.
1-5-2. Click the green + icon to create a new symbol.
1-5-3. Enter CORTEX_A9 or MICROBLAZE into the Enter Value dialog box.
1-5-4. Click OK to complete the creation of this new symbol.
The above steps can be repeated as necessary to create as many symbols as you need.
1-5-5. Click Apply.
Nproperties for (=] @
type filter text Settings = B
» Resource i
Builders N
4 C/C++ Build Configuration: IDebug [ Active ] I Delete ~ || Manage Configurations...
Build Variables
Environment
Logging (% Tool Settings [} Build Steps | ©* Build Artifact || 'ﬂ‘éﬁfm'“éi‘{"
Baffings 3 : .". El- ] gce assembler Defined symbols (-D) P -~
Tool Chain Editor ',. i General ot wn Sssamssmunl oy
» C/C++ General v gcc compiler ™ SEdg ‘
Project References L % Symbol » ymbo
Run/Debug Settings | |* :7 Y
& Warnings 2 Enter Value @
2 Optimization
A5 D glaiiaing Defined symbols (-D}
OK l I Cancel
Figure 8-8: Creating a New Symbol
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1-6. The Optimization tab enables you to select the level of optimization needed
to meet your timing requirements for this application. Note that the
optimization should be set to Zero (-00) for debugging; otherwise, the
one-to-one correspondence between source code and executing code is
lost.

Remember that the levels of optimization listed in the pull-down menu are
actually collections of specific optimization flags. Refer to the manual for a
listing of which flags are enabled for each optimization level. If you are not
happy with the pre-defined optimization levels, you can add your own
optimization flags to the Other optimization flags text field. Remember that
optimizations can change the way your code operates!

1-6-1. Select the Optimization tab.

1-6-2. Select your default level of optimization from the Optimization Level drop-down list.
1-6-3. Add any additional flags to the Other optimization flags field.

1-6-4. Click Apply.

& Tool Settings | Build Stepsl Build Artifactl |ﬂ Binary F‘arsersl & Ermor F‘arsers|

a B ¢ gceassembler | Optimization Level @ane(-ﬂﬂ] ) v|
# General )
= . . al
Cither opti tion flags
f.;mzﬁ q

4 B + gcc compiler
(% Symbols *
(2 Warning

Lebugging

(# Profiling
3 Diregharies

Figure 8-9: Setting Optimization Levels

1-6-5. Click OK to save your settings and exit.
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1-7.

1-7-1.
1-7-2.

1-7-3.

1-8.
1-8-1.

The Debugging tab enables you to select the level of debug information to
debug the application. The debug levels are - g1 (minimal debug
information), -g (default debug information) and -g3 (maximum debug
information).

Select the Debugging tab.
Select Maximum (-g3) from the Debug level drop-down list.

& Tool Settings | # Build Steps | Build Artifact | Binary Parsers | @ Error Parsers|

a BB W0 8w gec assembler Debug Level ‘ Maximum (-g3) , v]
(5 Genera Other deb ".ﬂ

a BB Whlies gec compiler & E“Lw!llﬂg 293
(# Symbals o
(% Warnings o

5 Optimization L*
Debugging

rofiling

=
| b b (EeRirector i M ——aad? , ‘-'-_'_'_J‘ -

Figure 8-10: Setting Debug Level

Click OK.

The application is rebuilt. A successful build is indicated when the program size is
returned.

One byproduct of creating projects using the Xilinx Software Command Line Tool is that
the SDK environment is set to NOT build projects when it detects a change.

You have two choice here: You can manually build your projects when you need to, or
you can enable the automatic build process. Use the instruction below to enable the
automatic builds.

Enable or disable the automatic compilation capability.

Select Project > Build Automatically.

«ctor Navigate Search Run Xilinx Tools Window Hel,
i & v 8 v &+ ( Open Project
Close Project

B&|T 7
[ Build Al Ctrl+B

Build Configurations L4 *
Build Project }
Build Working Set 4
Cl *
ean...
Build Automatically (
»

Make Target
N aal
Figure 8-11: Selecting Build Automatically

This will toggle the Build Automatically option. When the Build Automatically option is
active, a green check mark will appear next to it.
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Finishing and Building the Software Application Step 2

The stopwatch application has been provided to you mostly finished. What
remains is the enabling of the timer's interrupt and making the general interrupt
controller (GIC) sensitive to this interrupt.

There are a number of functions (and macros) associated with setting up the
interrupts. Let's quickly review some of the functions and macros that you will be
using and why they are necessary.

Let's begin with looking at which functions associate with which aspects of the
hardware. The figure below illustrates that there are two "places” that are
associated with receiving interrupts. One is the GIC, which can take interrupts
from a wide number of sources, including the peripherals in the IOP block, the PL,
and SCU. The vector interrupt table in this device is substantial enough that each
interrupt source can have its own handler associated with it. The other place
sensitive to interrupts is the CPU itself. The CPU has relatively few interrupt inputs
(IRQ and FIQ); however, it still has its own vector interrupt table.

Xil_Exceptioninit() =) CPU Vector CPU Vector (= xil_Exceptioninit()
Xil_ExceptionRegisterHandler(...) I:D Interru pt Interr‘upt <}:| Xil_ExceptionRegisterHandler(...)
Xil_ExceptionEnable() I:D Table Table <}:I Xil_ExceptionEnable()

XScuGic_LookupConfig(...) |:[l>

XScuGic_Cfgnitialize(...) =) GIC Vector Xlntc K= Xintc_Initialize(...
) Interrupt Interrupt _
XScuGic_Connect(...) I:> Table Table <}:| Xintc_Connect(...)
XScuGic_Enablef...) I:> <}:| Xintc_Enable(...)
Figure 8-12: Interrupt Targets and Some Associated Figure 8-13: Interrupt Targets and Some Associated
Function Calls (Zynq7 PS/GIC) Function Calls (MicroBlaze Processor and INTC)

The functions are aptly named in that the ones associated with the GIC (used with
the Zyng AP SoC) begin with "XScuGic_...", those associated with the Interrupt
Controller (used with the MicroBlaze processor) begin with "Xintc_", and those
associated with the CPU (in standalone for either processor) begin with "Xil_...".

Some of the functions can be called in any order; however, many of the calls must
be made in a specific sequence in order to operate properly. The Zynq AP SoC
GIC calls in order:

o XScuGic_LookupConfig — Looks up the device configuration based on the ID
listed in xparameters_ps.h.
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o XScuGic_Cfglnitialize — Initializes the GIC. Clears the fields in the XScuGic
structure, loads the vector table with sub handlers, and disables interrupt
sources.

o XScuGic_Connect — Attaches an interrupt handler to a location in the interrupt
vector table (IVT). Called once per used handler. If a device does not need a
handler, then nothing needs to be done as the XScuGic_Cfglnitialize places
"stubs” in all the locations in the IVT.

The MicroBlaze processor XINTC calls in order:

o XlIntc_Initialize — Initializes the INTC. Clears the fields in the XIntc structure,
loads the vector table with sub handlers, and disables interrupt sources.

o Xlntc_Connect — Attaches an interrupt handler to a location in the interrupt
vector table (IVT). Called once per used handler. If a device does not need a
handler, then nothing needs to be done as the XIntc_Initialize places "stubs" in
all the locations in the IVT.

Next, the CPU's vector setup calls:

o Xil_Exceptionlnit — Sets up a blank vector interrupt table. Must be called
before registering any exception handlers or enabling any interrupts
(standalone).

o Xil_ExceptionRegisterHandler — Registers the interrupt handler for the IRQ. In
this case, it is the handler for the interrupt from the GIC.

For the Zyng AP SoC, the next block of code manages the setup for the SCU
timer, which does not directly apply to how interrupts are implemented.

The following are the final stages of setting up the interrupts—enabling each
interrupt from the timer through the GIC to the CPU. The specific order does not
matter here as any break in this chain will cause the timer's interrupt to fail to
reach the CPU.

o XScuTimer_Enablelnterrupt (Zynq)/XIntc_Start (MicroBlaze processor) — Enable
the timer's interrupt to the interrupt controller.

o XScuGic_Enable (Zynq)/XIntc_Enable (MicroBlaze processor) — Enable the
interrupt from the interrupt controller to the CPU.

o Xil_ExceptionEnable — Enable the CPU to be sensitive to incoming interrupts.

While the above provides a brief outline of the order and basic behavior of the
interrupts for this design, you may need more information...
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2-1.

2-1-1.

2-1-2.

You will now examine the Xilinx-provided documentation to reveal the
necessary drivers to enable the GIC and make the necessary modifications to
the existing code, save the file, and verify error-free compilation.

View the system.mss file in the edit window.

If the file is not already open, expand the bsp project in the Project Explorer tab, then
double-click the system.mss file to open it.

Click the Documentation link next to scugic for the Zynq AP SoC or intc for the
MicroBlaze processor.

i systernumss 52 | e software_intr.c

GPIO_LED;_linear gpic  Documentstion Import Exsmples
GPIO_buttons_rosetta gpio  Docurnentstion Lmport Baraples
ps7_afi_0 generic
psT_afi_1 generic
ps7_afi_? generic
psT_afi_3 generic
ps?_caresight_camp_l generic
ps?_ddr_0 generic
psT_ddre_0 generic
ps?_dev cfg_0 devefg  Documentation Import Barmples
psT_dma_ns dmaps  Documentstion Import Bxarmples
psT_dma_s dmaps  Documentation Import Bamples
ps7_globaltimer 0 generic
psT_gpv_l generic
psT_inte_dist 0 generic
ps7_iop_bus_canfig_ generic
ps7_l2cachec_0 generic
psT_acrnc 0 qeneric
ps7_pl310_0 generic
ps_prau_ll generic
psT_ram_l generic
psT_ram_1 generic
psT_scuc 0 generic
psT_scugic_0 scugic  Docurnentstion Import Bxaraples
ps7_scutimer 0 scutimer Documentation Import Barples

psT_scuwdt_0 scuwdt  Documentation Lmport Bearmples

ps?_sler.0 generic
psT_uart_1 uartps  Documentation Import Bxaraples
psTxade 0 xedcps  Documentation Import Eemples

Figure 8-14: Opening the Documentation (scugic and scutimer)

| system.xml | if;, system.mss &5 :
stopwatch_bsp Board Support Package
l Modify this BSP's Sertings] IRe-generate BSP Snurcesl 3

Target Information

w This Board Supeon Pac:ayls compiled to run on the following target, ’ "

i [T

Docunmentation: standalone v4 0

4
Peripheral Drivers '
Drivers present in the Board Support Package.
GPIO_LCD_data gpio Documentation Examples
GPIO_LEDs _linear gpio Documentation Examples
GPIO_LEDs_rosetta gpio Documentation Examples
GPIO_buttons_rosetta gpio Documentation Examples
UART uartlite. Documentation Example: f
axi_timer_0 tmrctr Documentation Examples ) (
(micmblaze,[},axi,mtc intc Documentation Examples
microblaze_0_local_memory_dimb_bram_if_cntlr bram Documentation Examples
microblaze_0_local_memory_ilmb_bram_if_cntlr bram Documentation Examples (
P

Figure 8-15: Opening the Documentation (axi_timer and axi_intc)

A browser window opens to the Overview tab for the peripheral.
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2-2.
2-2-1.

2-2-2.

2-2-3.

View the scugic (Zynq AP SoC) or intc (MicroBlaze processor) APL

Click the APIs tab to see the alphabetized list of all of the drivers for the SCU GIC/intc
peripheral.

Locate the entry for XScuGic_Enable (Zynq AP SoC) or xintc.c (MicroBlaze processor).

& XILINX scugic_v

ALL PROGRAMMABLEw Xilinx SDK Drivers API Documentation

Overview | Data Structures File List |
Here is a list of all documented functions, variables c\eﬁrfe‘!.e@iu“ls.ancl typedefs with links to the documentation:
-
L
-X - ‘,

» MSCUGIC_ACK_INTID_MASK : xscugic_hw.h ."
« XSCUGIC_ACTIVE_MASK - xscugic_hw.h H
« MSCUGIC_ACTMWE_OFFSET : xscugic_hw.h :
« XSCUGIC_AHB_CONFIG_OFFSET : xscugic_hw.h o

« XSCUGIC_AHB_END_MASK : xscugic_hw.h *

*
o XSCUGI B_ENDOVE MASK : xscugig hw, o
Y RmEE & Tl s POl P it ol pmitssriend)
*
*

-
U AINL onKeuly o oa e

. KSCUG\C_EN_DIS_OFFSET_CALC : xquﬁuc_nw.n
« AKSCUGIC_EN_INT_LIASK. scuﬂsj‘w.n

»  MScuGic_Enabld

» MSCUGIC_ENABLE SET. SET : xscugic_hw.h
»  XScuGic_Enablelntr : xscugic_hw.h

« XSCUGIC_EOI_INTID_MASK : xscugic_hw.h

v, JSCUGIC IiC_J.ITCJFFSET.xsctlgic E%_‘_ e \j Jrosiamma 5 ‘-.,A- , . - "_‘_\ ’
Figure 8-16: Locating the API for the SCUGIC
Click the xscugic.c link for the Zynq AP SoC or the xintc.c link for the MicroBlaze
processor and view the function details.

The snippet below represents the Zynq AP SoC/xscugic.c entry. The MicroBlaze processor
/intc.c entry is similar.

void X3cuGie_Enable{ XEcuGic * InstanceFir,
u32 Int_Id
)

Enables the interrupt source provided as the argument Int Id. Any pending interrupt condition for the specfied Int Id will occur after this function 12 called.

Parameters:
InstancaPir is a pointer to the XScuGic nstance
Ing_id cotitaing the ID of the interrupt source and should be in the range of 0 to XECTUGIC_MAYK_NUN_INTR_INPTUTS - 1

Returns:
None.

Note: Mone

Figure 8-17: Viewing the XScuGic_Enable Function

Let's see how well you understand the interrupt structure and how to access the
documentation.

Note: You could also have selected the File List tab and hyperlinked to xscugic.c. This
means that you would have had to know that the driver you were looking for was in this
file as well as having to search for the specific API name.
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Question 1

Fill in the names of the function calls that you will make to access the items marked A through E
in the figure below.

C.
Interrupt
Source - Processor
Eg|| 2 | Interrupt
Enable el = Vector Table
£2|| 5 | Controller /
if ® | Enable Enable
Interrupt
Source s
e /
Enable s /
e /
B' / - !
7 /
.4-’/ !
o~
A. E.
D.

Figure 8-18: What Functions are Called for the Items Marked A-E?

2-3. Write the code to enable the interrupt and enable the timer interrupt.

2-3-1. Expand SWinterrupt_app > src to access the list of sources in the application project.
2-3-2. Double-click stopwatch_intr.c to open it in the editor.
2-3-3. [Optional] Enable line numbering.

If you do not recall how to enable line numbering, refer to the Lab Reference Guide >
SDK > Enabling Line Numbering in the SDK Text Editor.

2-3-4. Locate the comment "manage the SCU's GIC" for the Zynq AP SoC or the "manage the
interrupt controller" comment for the MicroBlaze processor.

If you do not recall how to perform a search, refer to the Lab Reference Guide > SDK >
Finding Text in a Source File.

Here you will see that the snoop control unit (SCU), general interrupt controller (GIC), or
interrupt controller (XIntc for the MicroBlaze processor) is initialized. The timer
initialization and configuration are shown further down.

Question 2

What two important operations are missing from this code?
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2-3-5.

2-3-6.

2-3-7.

Test your skills and write the code to enable the interrupt from the GIC/XIntc to the
Cortex-A9 processors or MicroBlaze processor.

Using the documentation shown above, make an effort to determine the proper function
call. Add your code snippet after the line commented by:

[Zynqg AP SoC users]: // Enable the SCU GIC interrupt here
[MicroBlaze processor users]: // Enable the interrupt controller here

If you get stuck, there is a code snippet at the end of the source code that solves this
scenario:

Zynq AP SoC users: XScuGic_Enable(&intcInstance, TIMER_IRPT_INTR);
MicroBlaze processor users: XIntc_Enable(&intcInstance, TIMER_IRPT_INTR);

Continue to demonstrate your coding prowess by writing the one line of code to enable
the timer interrupt.

Using the documentation shown above, make an effort to determine the proper function
call. Add your code snippet after the line commented by:

[Zynq AP SoC users]: // Enable the timer interrupt here

[MicroBlaze processor users]: // Enable the INTC interrupt here (from the INTC to the
processor)

If you get stuck, there is a code snippet at the end of the file that solves this scenario:
Zynq AP SoC users: XScuTimer_Enablelnterrupt(&timerlnstance);
MicroBlaze processor users: XTmrCtr_Enablelntr(TIMER_BASE_ADDR, TMRO);

Save the stopwatch_intr.c file.

Question 3

Where can BaseAddress(es), the constants relating to the DEVICE_IDs of various peripherals be

found?

Question 4

What level of driver service is this? How can you tell? What file would be referenced to
understand its operation?
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Configuring the Device and Testing the Application Step 3

This final step will have you configure the Zyng AP SoC/MicroBlaze processor,
download the application, and test the program for proper stopwatch operation.
The hardware portion of the design has already been implemented for you. This
lab assumes that the hardware board and download cabling are in place.

3-1. Program the device.

The bitstream resides within the SDK workspace as it was imported when
the hardware platform was created.

3-1-1. Select Xilinx Tools > Program FPGA or click the 2% icon.
The Program FPGA dialog box opens.

The default bitstream is the bitstream that is part of the collection of files that was
exported from the Vivado Design Suite.

The BMM/MMI file is used to describe how block RAM memory clusters are loaded with
instruction and/or data information that is contained as part of the bitstream. The BMM
format is used in older versions of the tool, while the MMI format is used in newer

versions of the tool. Typically, Zynq All Programmable SoC-only designs do not require a
BMM/MMI file, and MicroBlaze processor designs do require their use.

ELF files, under the Software Configuration section of the dialog box, are also related to
BMM/MMI usage. If no BMM/MMI file is specified, then this section will remain empty.

3-1-2. Keep all default settings and click Program to program the programmable logic portion
of the device.

B Program FRGA

Program FPGA

]

Specify the bitstream and the ELF files that reside in BRAM memory

Hardware Configuration

Hardware Platfarm: | Automatically Populated I -
Connection [Local | [ Hew
evice: Auto D!

Select

]

vice: Auto Detect
Bitstream 1 Automatically Populated J [search... | [Browse.
BMMMMIFile: | Conditionally Populated | [search...| [ Browse

Processor ELF File to Infialize in Block RAM
| Conditionally Populated

« i »
@] Run reset_zyngpl

. Conditionally

@ Set Pragram Cancel

Figure 8-19: Programming the FPGA

It will take about a minute to configure the programmable logic. A progress bar will
appear to show how far along the programming process is. Typically, the progress bar
will pause near the halfway mark for a few seconds before completing the configuration.

The result of the FPGA configuration can be viewed in the SDK Log tab at the bottom of
the IDE.
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The SDK terminal is an interface that only supports serial port/UART
communications. The more general Terminal tab is able to support other formats,
such as SSH and Telnet.

3-2. Locate the SDK Terminal tab. Generally this tab is found in the same panel
as the console.

3-2-1. Select Window > Show View > Other > Xilinx > SDK Terminal to open the SDK
Terminal tab if it is not currently visible.

This tab typically opens in the same window as the console.

3-3. Configure the SDK Terminal.

3-3-1. Click the green '+' sign to open the Connect to Serial Port dialog box.

B spK Terminal 2 @ £ = B8
A

Click on + button to add a port to the termina q.q_ -

L o .
f Em 55

Figure 8-20: Adding/Associating a Port to the Terminal

A pop-up appears asking you to configure the settings for the serial port.
3-3-2. Select the serial port that is connected to the device you want to communicate with (1).

This is the port number associated with the Serial Port/USB connection from your board.
This is often the highest-numbered com port, but not always. Your board must be
powered on in order to see this port.

3-3-3. Set the baud rate to 115200 (2).

3-3-4. Leave the other settings at their defaults.

0% Connect to serial p

"Bas»c Settin

per instructions

Port:

Baud Rate:| per instructions,

= Advance Settings @

Data Bits:

Stop Bits: 1

il

Parity: None

Flow Control: |None I

Timeout (sec):

1:, cance

Figure 8-21: Configuring the SDK Terminal

4

3-3-5. Click OK to save these settings and begin the terminal session (3).
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3-4.
3-4-1.
3-4-2.

3-4-3.

3-5.

3-5-1.
3-5-2.
3-5-3.
3-5-4.

3-6.
3-6-1.
3-6-2.

Run SWinterrupt_app.

Right-click SWinterrupt_app.
Select Run As > Launch on Hardware (System Debugger).

File Edit Source Refactor MNavigate Search Project Run Xilinx Tools Window Help
wil < |®~| New DR EEE® S - v 5l vtag
Go Into

[ Project Explorer | i i [}
Open in New Window

5 =
- w tatus = XDwaPs_Example W ﬂt:gint(,XPAR Piz %

Build Project e (1) {

o
Export...

4 application
Clean Project 32 status;

AR GIC ) Pt 05 hrd o P P g

2N0W 11 wemiote Syste,. .. e

ag)s »

" #: 1 Launch on Hardware (System Debugger) '
.’. .7 _

olifopa R
profileAs hwalaestT s ?%, 3 Launch on Hardware (System Debugger on QEMU)
, | & 4 Launch on Hardware (GDB)

[E] 5 Local C/C++ Application

Figure 8-22: Launching a Run on Hardware

4 Target Connectio Compare With

, & Hardwa, Restore from Local History...

|

Click Yes if you are asked to terminate a previous run.

The program launches on the hardware.

Verify proper stopwatch operation.

Time is displayed in two ways. The LEDs on the board display seconds and
tenths of seconds as: upper nibble represents seconds in BCD, the lower
nibble represents tenths of seconds in BCD. The time is also reported via the
serial port.

The button functions are:
e START — BTN1 (West)
e STOP — BTN2 (North)

e RESET —» BTN3 (East)

Press the START (West) button and verify that the time value is incrementing.
Press the STOP (North) button and verify that the time value stops incrementing.
Press the RESET (East) button and verify that the time value resets to zero.
Repeat in any combination. Does the stopwatch behave as expected?

Exit the SDK tool and power off the board.

Select File > Exit to close the SDK tool.
Power off the development board.
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Summary

You just finished examining an interrupt-driven stopwatch application where a timer generated
a 10ms "heartbeat". For each beat of the timer, an interrupt was generated and the interrupt
handler was called.

You wrote code to enable the interrupt out of the hardware timer to the GIC/interrupt controller
and enabled the output of the GIC/interrupt controller to the processors.

You also leveraged the documentation on scu_gic and scu_timer to locate the necessary
information to complete this task. Finally, you verified the operation of the code on hardware.
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Answers

1. Fill in the names of the function calls that you will make to access the items marked A
through E in the figure below.

C.
Interrupt
Source Processor
L[ 3¢ || 2 | Interrupt
Enable w2 i = Vectos Table
iZ|| 5 | Controller /
JLEE % | Enable Enable
Interrupt
Source P
o |
Enable 7 /
,'/ /
- /
B. e /
/ .'
,-'/ i
-
A. E.

Figure 8-23: What Functions are Called for the Items Marked A-E?

Answer:
A:

The interrupt source could be anything from a button to an internal peripheral responding to
external stimulus (think UART or EMAC) to an internal peripheral generating its own
interrupt (think timer, random interval generator, etc.).

When a timer is used, as in this design, the timer is configured to generate an interrupt
based on some preloaded value. When the timer reaches the designated value, an interrupt
is generated. The interrupt needs to be made available external to the timer peripheral and
the function to do this is dependent on the peripheral itself.

The Zyng AP SoC contains a number of timers and the one used in the Zyng AP SoC version
of this lab is the SCU timer. The required function call is XScuTimer_Enablelnterrupt(). The
AXI_Timer peripheral used in the MicroBlaze processor design uses a macro to enable the
interrupt, XTmrCtr_Enableintr().

The interrupt controller is a powerful and capable device that can dynamically mask
incoming interrupt sources and enable or suppress its own interrupt generation to the next
higher level of interrupt controller or CPU.

For the Zyng AP SoC, the function used to enable any interrupt to the processor is
XScuGic_Enable(). The MicroBlaze processor equivalent is XIntc_Enable().

© Copyright 2016 Xilinx




Lab 8: Software Interrupts Lab Workbook

C:

The vector table maps specific handlers to each interrupt. Typically there is one call per
interrupt source.

The GIC in the Zyng AP SoC uses XScuGic_Connect() to map the handler to the proper entry
in the vector table.

A nearly identical call is available for the INTC device used with the MicroBlaze processor:
XlIntc_Connect().

D:

The processor can decide to accept interrupts from the interrupt controller (or directly from
an interrupt source) or not when Xil_ExceptionEnable() is called.

Note that this is the same for both processors when running under the standalone platform.
E:
Like the interrupt controller's vector table, the processor has its own interrupt vector table.

The primary difference between the interrupt controller's table and the processor's table is
the interrupt controller is concerned only with interrupts emanating from the outside world
while the processor must be concerned with software-generated interrupts and exceptions,
such as what to do with a divide by zero condition.

The function Xil_ExceptionRegisterHandler() adds the appropriate handler to deal with
interrupts coming from the interrupt controller.

2. What two important operations are missing from this code?

First, the interrupt (often referred to an an exception) handler must be registered with the
GIC so that the proper code gets called when this event occurs. Second, the timer's interrupt
to the GIC must be enabled.

3. Where can BaseAddress(es), the constants relating to the DEVICE_IDs of various peripherals
be found?

All Zyng All Programmable SoC hardware-related constants can be found in one of two
header files: xparameters_ps.h (which includes information regarding the peripherals
included in the PS and xparameters.h (which includes information about the portion of the
embedded system located in the PL).

MicroBlaze processor-only designs in non-Zynq All Programmable SoC systems will only
have the xparameters.h file.

4. What level of driver service is this? How can you tell? What file would be referenced to
understand its operation?

This is a high-level driver. All Level 0 drivers are defined in the * Lh files.
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Lab 9: Linux Application Development
Zynq All Programmable SoC ZC702 or ZedBoard

2016.3

Abstract

This lab explains how to develop a Linux application to access the general-purpose input/output
(GPIO) that is connected to the hardware resources available on the development board. A
C-based source file that contains the GPIO access information is provided. This source file is
intentionally left incomplete and requires the code to read the DIP switch value. You will
complete the code as part of this lab.

Objectives

After completing this lab, you will be able to:

e Create an SDK software application workspace

e Create and build a Linux software application project

e Download and run an application on development hardware

Introduction

The Zynq®-7000 All Programmable SoC Linux solution combines the benefits of the Linux
operating system together with PetaLinux and the Xilinx SDK tools towards designing software
applications on this platform. This lab demonstrates how to access GPIO in a Linux application.

There are two methods for interacting with GPIO from user space:
e sysfs interface
e Linux kernel drivers

The sysfs interface is a very simple way to access the GPIO from user space and has the
advantage of requiring very little setup. This option is a good choice for manually checking the
status of an input or writing values to outputs; this method should not be used where interrupts
are required.

There are some important points with sysfs:

I. The GPIO controllers are visible in /sys/class/gpio. Each controller controls a number of
GPIO signals.

2. The GPIO signals must be exported into sysfs before they can be manipulated. The
number of the GPIO signal must be written to the GPIO export file to cause this to happen.
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3. After the GPIO signal is exported, a new directory based on the GPIO signal number will
appearin /sys/class/gpio. Under this directory are direction and value files that
can be read and written.

You will find the proper gpio, export the gpio, and access the direction and value files.
For more information, go to www.wiki.xilinx.com/Linux+GPIO+Driver.

Based on the Linux image usage, the table below explains the label for the peripherals (LEDs and
Switch).

Linux Image Use LEDs (Base Board) Switch (Base Board)
SDcard_zc702_base
DS15 to DS22 SW12 (2)
(ZC702 board)
SDcard_zed _base
LDO to LD7 SWO

(ZedBoard)

For the ZC702 board, the file accesses the GPIO, which is connected to the DIP switch on the
ZC702 board SW12[2] and prints the value of the switch whenever there is a change in it.

For the ZedBoard, the file contains the GPIO, which is connected to the DIP switch (SWO0) on the
ZedBoard and prints the value of the DIP switch whenever there is a change in it.

For reference the GPIO IDs (to be used in the C code) are shown in the table below.

Linux Image Use LEDs - GPIO ID Switch - GPIO ID
9 (Base Board) (Base Board)
SDcard_zc702_base
898 897
(ZC702 board)
SDcard_zed_base
898 897
(ZedBoard)
General Flow
Step 1: Step 2: Step 3:
Creating an =N Adding a =N Downlogdmg
SDK Tool “ | Software ~ | & Running
Workspace Application the Program
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Creating an SDK Tool Workspace Step 1

The first step in this lab is to create an SDK tool workspace.

The working directory of the SDK workspace for this lab is
C:\training\Linux_App_Dev\lab. You will create the SDK workspace and software
platform for the hardware in this directory.

Once SDK is launched and a workspace is set up in this directory, you will not be
able to move these directories.

1-1. Launch the SDK tool and set the workspace.

1-1-1. Select Start > All Programs > Xilinx Design Tools > SDK 2016.3 > Xilinx SDK 2016.3
to launch the tool.

Alternatively, you can launch the tool from its desktop shortcut, if available.
The Workspace Launcher opens after a moment.

The SDK tool creates a workspace environment that initially only contains a thin structure
that tracks tool settings and maintains the SDK tool log file. In SDK, as projects are
added, this workspace will update to include hardware projects, BSPs, and your software
applications. Workspaces can be switched from within the SDK tool (select File > Switch
Workspace).

If it becomes necessary to move a software application to another location or computer,
use the import and export features. Manually copying files is not recommended as
workspace files are set to use absolute path names and this will cause the tool to
become unstable.

The default location for the SDK software workspace (when launching from within the
Vivado® Design Suite) is the root directory of your hardware project; however, a long
path name can lead to problems on Windows-based machines. There is no default
location for the tool projects. Placing your project at the root level or one hierarchical
level below helps keep the path names as short as possible and is recommended.

Many of the Xilinx labs do not follow this guidance as it is important to keep a
predictable structure through the various courses and labs. These labs have been tested
to ensure that path name lengths do not cause problems.
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1-1-2.

1-1-3.

1-1-4.

Enter C:\training\Linux_App_Dev\lab into the Workspace field or use the Browse
button when the Workspace Launcher opens.

Note that when you use the Browse button, you will need to select the
C:\training\Linux_App_Dev\lab directory and click OK.

M Workspace Launcher &11

Select a workspace
Kilinx SDK stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

Workspace: I Use the Workspace Specified in the Instructions I - Browse...

Use this as the default and de not ask again

[ OK ] | Cancel ‘

Figure 9-1: Setting Up the Workspace Environment Path

Click OK to close the Workspace Launcher dialog box and open the new workspace.

A workspace location and hardware platform are created when the Export Hardware
Design for SDK command is performed from the Vivado Design Suite (or they can be
created manually). While not a requirement, it is a good idea to keep the related files

together.

Note that SDK must associate with a hardware system that has been previously exported
so that an appropriate software platform or board support package can be built.
However, the SDSoC™ development environment can take advantage of available
platforms (for ZC702/ZedBoard). The hardware platform can be created for your custom
hardware.

Usually, a platform provider builds the platform hardware using the Vivado Design Suite
and IP integrator. For more information on platform creation, refer to the "SDSoC
Platform Creation" topic cluster.

When the SDK tool is launched on its own, you must manually identify where you want
the workspace and create (or import) the necessary hardware description to begin
developing an application.

Close the Welcome tab if it appears.

This will give you more room to view your project. You may also want to maximize the
SDK window, as there will be a lot to see.
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Adding a Software Application Step 2

Using the Application Project Wizard is a quick way to set up a Linux C or C++
software application project that targets an existing processor and Linux version.
Based on the dialog box choices, the appropriate toolchain is selected for
pre-processing, compiling, assembling, and linking.

2-1. Create a new C/C++ application project named appDev.

2-1-1. Select File (1) > New (2) > Application Project (3) to open the New Project dialog box.

e, Alt+Shift+N » {5} Application Project
.
' o SPM Project

i}, Board Support Package

Ctrl+W
= :
Certeshiftew | L3 Project-

Figure 9-2: Creating an Application Project

2-1-2. Enter appDev as the project name (1).

2-1-3. Ensure that linux is selected from the OS Platform drop-down list (2 and 3).
2-1-4. Ensure that ps7_cortexa9 is selected from the Processor drop-down list.
2-1-5. Select your preferred language: C or C++ (4).

This selects which tools will be used to compile your code.

&2 New Project (E=0 Eol —)
Application Project @

Create a managed make application project.

) - 1
Project name: | Per Instructions
Use default location
C\training2\workspace_Linux\InxProj_app Browse...
default «

OS Platform: |linWe. o qummna R = e

Target Har .

Processer Type: |ps7_cCOrtexad 'I
Endianness: Little-endian Big-endian

Target Software o

Language: C++

["] Linux System Root: @ Browse
[ Linux Toolchain: [ Browse
® P © ey wrrw— | —————

Figure 9-3: Selecting Linux for the New Application Project

© Copyright 2016 Xilinx



Lab 9:

Linux Application Development Lab Workbook

2-1-6. Click Next to view the templates available for Linux applications (5).
2-1-7. Select Linux Empty Application (1).

EM New Project || [t ]
Description of the Template
Templates Appears Here When a Template
Create one of the available templates to generate a fully-functioning application is Selected

project.

/

Available Templates:

Linux Empty Application
Linux Hello World
OpenCV Example Application

Let's say ‘Hello World' in C. -

Select an Application
Template per
Instructions

Finish

)

Cancel

Figure 9-4: Selecting a Linux Template

2-1-8. Click Finish to close the dialog box and create the new project (2).

It is common practice to add existing resource files (*.c, *h, *.cpp, etc.) to a
software project. The Eclipse framework requires this operation to be performed
as an import function.

2-2. Add linux_appDev.c to the application.

The preferred method for importing sources is shown here.

2-2-1. Expand the project named appDev > src using the Project Explorer.
2-2-2. Right-click the desired destination directory in the project that you want to place the
resource files (typically the src directory) (1).
2-2-3. Select Import to open the Import Wizard (2).
I3 Project Explorer &2 (= <===g'>| F T = O | g5 system
e -_pp (one
> Incl,
EET
f=—-0}%
4 [ swnds,  Golnto
. Open in New Window
nd =| Copy Ctrl+
. Paste Ctrl+V

b

.
.
.
.
+
)
“_‘ Renam
] 9
L2 EXport.

B
&

Delete
Source

Move...

Refresh

Delete

Figure 9-5: Importing a Resource File

The Import Wizard dialog box opens.
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2-2-4. Expand General (1).

2-2-5. Select File System as you will be selecting individual files directly from the file system

(2).
@ I ==t
Select

A
Import resources from the local file system into an existing project. E - E

Select an import source:

1 text

General
0 @; Archive File

3
. 4 _Existing Pro o Workspace
|, oy (G symemy
-
A
4 PIElerencese
.

s = CfC++ *
> G Install -
> [ Remote Systems
> (= Run/Debug

» [ Team

wee
.,-' ey

"
—~4

P
3
@ [ oo ey

Figure 9-6: Selecting File System

2-2-6. Click Next to advance to specifying the files to import (3).
2-2-7. Browse to C:\training\Linux_App_Dev\support in the From directory field.
2-2-8. Select the file(s) by checking the box beside linux_appDev.c.

D -
File system LN
-
From directory: ‘Source Directory as Specified in Instructions |v I Browse... I
[l = niasannm_sotes_app ™
@. e
€] s
Select Files to Import ] e
g "
[ 2 - v
[ Filter Types... ” Select All ” Deselect All ]
Into folder: | Destination Directory as Specified in Instructions | [ Browse..
Options
[T Overwrite existing resources without warning
[7] Create top-level folder
® >

Figure 9-7: Selecting Resource Files

The Into folder directory will default to the location selected when you engaged the
import function, but you can click Browse to change this location.

2-2-9. Click Finish to import the selected files and close the wizard.
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Note: If the workspace has the automatic build option enabled, the project will
automatically build with the new resource files. The Console view at the bottom of the

IDE will show the results of the build.

[21 Problems | ¥ Tasks | & Console &2 | & Properties | & Terminal

CDOT Build Console s

B EE TR D

11:13:56 **** Auto Build of configuration Debug for project » i -
make all

'Building file: ../src/ spple . '

"Invoking: ARM Linux gcc compiler’

arm-xilinx-linux-gnueabi-gecc -Wall -08 -g3 -c -fmessage-length=8 -MT"src/ o
"Finished building: ../src/ . .

'Building target: sppiw. .elf’

"Invoking: ARM Linux gcc linker'
arm-xilinx-linux-gnueabi-gcc -o “sate L elf”
'Finished building target: ssptw..elf’

"Invoking: ARM Linux Print Size’

sred

arm-xilinx-linux-gnueabi-size sooiw .elf |tee "
text data bss dec hex filename
2439 324 4 2767 act » o .clf

"Finished building: sssiwr.elf.size’

11:13:58 Build Finished (toock 1s.545ms)

1 | m

Figure 9-8: Successful Software Application Build

elf.

m

2-3. Open the source file that you imported in the previous step.
2-3-1. Expand the appDev project in the Project Explorer tab.
2-3-2. Expand the src folder.
2-3-3. Double-click linux_appDev.c to open it in the edit window.
[t Project Explorer &3 = 8 || [ linux_appDev.c i
= <}==='>| T - 2@ * Copyright (c) 2812 Xilinx, Inc. All rights reserved.[]
& EEFD_EV . :; #include <stdic.h>
» 3, Binaries 28 #include <fentl.h>
» [l Includes 21 #include <string.h>
+ (= Debug 22 #include <stdlib.h>
4 (= src E? .
;; #define GPIO_VALUE 129
=/ REAUME. B 26= int main()
il
FILE *fp;
char dir[5];
char buff[256];
int wval;
int DIP_new_value = @;
int DIP_old_value = @;
N e J’P' J”*‘*“'EJ'L B o, AR i i
Figure 9-9: Opening the linux_appDev.c File
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Downloading and Running the Program Step 3

Superior performance and additional capabilities are available when using an
Ethernet cable to communicate with the target platform rather than using a serial
download cable. When an Ethernet connection is used, the PC host requires
changing to a static IP address. This procedure may have already been performed
when the laptop computers were set up. Check with your instructor to determine
if the following step can be skipped.

3-1. Change the IP address of the host laptop to a static IP address.

If you do not recall how to change the IP address of the host laptop from
dynamic to static, refer to the "Setting Static Host IP Address on Laptop
(Windows 7)" topic under the Software Requirements section in the Lab Reference
Guide.

3-1-1. Verify with the instructor that the host PC (laptop) has a static IP address set set to
192.168.1.11.

3-2. Verify that the SD card with the Linux image is present.
3-2-1. Make sure that the SD card with a Linux image is present on the ZC702 or ZedBoard.

For the ZC702 board, copy the files from the C:\training\Linux_App_Dev\support\
SDcard zc702 archive to the root of the SD card.

For the ZedBoard, copy the files from the C:\training\Linux_App_Dev\support\SDcard_zed
archive to the root of the SD card.

The ZC702 or ZedBoard evaluation hardware platform has jumpers (or switches)
to select the boot mode for the processor.

3-3. Verify that the ZC702 or ZedBoard hardware platform is properly connected
and the jumpers (or switches) are configured to boot from the SD card.

3-3-1. Confirm that the power to the evaluation board is OFF.

3-3-2. Ensure that the connections between the host PC and the hardware evaluation board are
correct (ask for assistance from the instructor if necessary).

The connections include power, serial bridge USB, Ethernet, and the USB Platform
download cables.

3-3-3. Make sure that the SD card with a Linux image is inserted into the board card slot.

3-3-4. Verify the jumper settings on the board are set up to boot from the SD card.

3-3-5. Refer to the "Jumper/Switch Settings ZC702 or ZedBoard - Boot from SD Card " topic
under the Hardware Requirements - ZC702 or ZedBoard Hardware Setup section in the
Lab Reference Guide, or ask your instructor for assistance.
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3-4. Apply power to (turn on) the ZC702 or ZedBoard hardware platform.

3-4-1. Make sure that AC power is connected to the power brick.
3-4-2. Slide the power switch to the on position.

Some LEDs on the board will illuminate when the board is powered.

The serial UART terminal provides a simple and straightforward way to collect
and transmit serial information using the RS-232 protocols. Most modern PCs
lack the traditional DB-9 connectors for RS-232 communication and instead use
the USB ports. From the PC's perspective there is still a COMx port being used;
however, the actual COM port number is not known until USB enumeration. The
PC is capable of supporting multiple COM ports, so it is important to know which
connection is the one to use when communicating with the development board.

When using a PC COM port with communications software (terminal emulator)
on the PC such as the SDK terminal tab, Tera Term, or other software, it is
necessary to identify the COM port number associated with serial connection to
the evaluation board. This is done by identifying the USB COM port driver and
which COM port is being assigned.

3-5. Determine which COM to use to access the USB serial port on the ZC702 or
ZedBoard.

3-5-1. Make sure that the development board is powered on and the serial UART device USB
cable is in place.

This ensures that the USB-to-serial bridge will be enumerated by the PC host.
3-5-2. Open your computer's Control Panel.

Note that the Start button is typically located in the lower left corner of the screen.
Occasionally, as shown below, it is in the upper left corner.

> AllPrograms

Figure 9-10: Opening the Control Panel from Windows 7
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3-5-3. Click Hardware and Sound > Device Manager to open the Device Manager window.

Note: You may be asked to confirm opening the Device Manager. If so, click Yes.

3-5-4. Expand Ports (COM & LPT).
3-5-5. ZC702 board users: Locate Silicon Labs CP210x USB to UART Bridge (COM#).
ZedBoard users: Locate USB/Serial Cypress (COM#).

File Action View Help

ke ARzl 7 Bl )
P

3 % Batteries

»-€) Bluetooth Radios

- M Computer

5 [ iiﬂ;rw‘ ’.

“H

> -|f5) wrher devices
- 7] PCMCIA adapters
K Portable Devices

[ Ports (COM & LPT)
TF Communications Port (COML)
-
_}" Silicon Labs CP210x USE te UART Bridge (COMY
3 D or

3 j Smart card readers

H_?J,,'Snwdrﬂ and gfrntrils;. o Ny

Figure 9-11: Locating the Silicon Labs Com Port Driver

The # indicates the port number for this serial connection.

Known issue: The present version of the SDK tools contains an incompatibility between the
USB/Serial Cypress host drivers used for the ZedBoard and the SDK terminal program. While
the SDK terminal window is the preferred console program, the Tera Term console will be
used for the ZedBoard. The ZC702 board works fine with the SDK terminal. The following
instructions will branch, depending on which evaluation board is used; outputs in either
terminal should be identical.

3-5-6. Close the Device Manager by clicking the red 'X" in the upper right corner of the window.
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3-6.

3-6-1.

3-6-2.

3-6-3.

3-6-4.

ZedBoard users: Skip to the next step.

ZC702 board users: Open the SDK terminal program when using the ZC702
board.

Select the Terminal tab to access the terminal icons.

If the terminal tab is not visible, select Window > Show View > Terminal. Note that
more than one terminal can be enabled at a time.

Click the Settings Icon (E).

%! Problems | ¥ Tasks | & Console | = Properties | & Terminal1 &2 = 3
v s @E gl P -
Mo Connection Selected @ @

Figure 9-12: Accessing the Terminal Settings

Alternatively, you can also click the Connect icon (H) to open the Terminal Settings
dialog box. If the terminal was previously configured, this will open it with those settings
and connect to the associated COM port.

Configure the settings as shown in the following figure.

o Select the connection type as Serial

o Select the port as the COM # discovered in the last step

o Set the baud rate to 115200

== Terminal Settings &J

View Settings:
View Title: Terminal 1
Encoding: 150-8859-1 -
Connection Type:

@rial a
Settings:
Port: COM -
Baud Rate: 115200 v
Data Bits: 3 -
Timeout (sec): 5

I oK ] [ Cancel ]

Figure 9-13: Configuring the Terminal Settings

Click OK.

The terminal session will be connected to the associated COM port on the PC.
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3-7. ZC702 board users: You have already associated a serial terminal with your
board. Skip to the next step.

ZedBoard users: Open the Tera Term terminal program.
3-7-1. Double-click the Tera Term icon from the Windows desktop to launch Tera Term.
Alternatively, you select Start > All Programs > Tera Term > Tera Term.

3-7-2. Select File > New Connection.
3-7-3. Select Serial as the connection (1).
3-7-4. Click the Port pull-down menu to view the available COM ports.

Note: If your port is not listed, exit Tera Term, power cycle your board and re-start this
step.

3-7-5. Select the COM # discovered in the last step (3).

Note that the ZC702 will show the Silicon Labs driver as shown in the figure below and
the ZedBoard will show the Cypress driver.

File Edit St Tera Term: New connection

o TCPAP myhost.example.com

History
Telnet

% S8H SSH2
Other

0 UNSPEC
Port: [COM1: Communications Port [COM1) -+ "1 e
N
.

COM1: Communications Port [COM1)
COM4
OK__ coms

COM: Silicon Labs CP210x USB to UART Bridge [COM

22

== Select This COM Port g .|

Figure 9-14: Selecting the COM Port

Note: The COM port setting is specific to the computer being used and may need to be
different than shown. Use the COM port # that was discovered in the previous step.

3-7-6. Click OK.
The terminal console window opens.

3-7-7. Select Setup > Serial Port.

L COM®: baud - Tera Term V

File Edit{] Setup |YControl Window Help
i

k' Terminal...

‘.-*‘ Window...

Font...

Keyboard...
E

Inl

Figure 9-15: Opening the Tera Term Serial Port Setup Window

The Tera Term Serial Port Setup dialog box opens.
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3-7-8. Confirm that the proper serial port has been selected (1).
3-7-9. Set the baud rate to 115200 (2).

Tera Term: Senal port setu

I Port:

Baud rate:

Data:

Cancel

Flow control:

Transmit delay

0 msec/char 0 msecfline

Figure 9-16: Setting the Parameters for the Serial Port

Note: The COM port setting is specific to the computer being used and may need to be

different than shown. Use the COM port # that was discovered in the previous step.
3-7-10. Click OK (3).

Tera Term is now configured to receive and transmit serial information to/from the
evaluation board.

Linux booting will be displayed in the Terminal window.

3-7-11. Wait until booting has completed.

3-8. Set the board IP address.

3-8-1. Enter root as the ESD_Linux_Hw login and password in the SDK terminal (ZC702 board)
or Tera Term window (ZedBoard).

3-8-2. Enter the following command to set the IP address:

ifconfig ethO 192.168.1.10

Note: Find the network name (e.g., eth0) via the i fconfig command.
3-8-3. Enter the following command to verify the IP address:

ifconfig ethO
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The response should be similar to the following:
ethO Link encap:Ethernet HWaddr 00:0A:35:00:01:22

inet addr:192.168.1.10 Bcast:192.168.1.255
Mask:255.255.255.0

inet6 addr: fe80::20a:35ff:fe00:122/64 Scope:Link
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1
RX packets:23 errors:0 dropped:0 overruns:0 frame:0
TX packets:9 errors:0 dropped:0 overruns:0 carrier:0
collisions:0 txqueuelen:1000

RX bytes:2913 (2.8 KiB) TX bytes:1446 (1.4 KiB)
Interrupt:54 Base address:0xb000

3-8-4. Ping the host in the Linux terminal console to verify connectivity between the host and
the target:

ping 192.168.1.11 -c 1
If the ping was successful, you can continue to the next section.
If it was not successful, follow the procedure below to disable the Windows firewall.

3-8-5. Disable the Windows firewall via the the Control Panel (Start > Control Panel > System
and Security > Windows Firewall).

3-8-6. Select Turn Windows Firewall on or off from the options in the left sidebar and then
select the Turn off Windows Firewall option for both network location settings.

3-9. Review the source code and open the Linux console.

3-9-1. Review the linux_appDev.c file.

3-9-2. Open the SDK Terminal window (ZC702 board users) or Tera Term application (ZedBoard
users) to gain access to the Linux console.
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The following instruction is to find the address of the GPIO connected to the DIP
switch. There may be multiple GPIOs in the system and they will need to be
inspected to find their base address and determine if this is the correct base
address you are looking for. The base address will be found by viewing the label
file available under /sys/class/gpiochip<ID>/label.

3-10.
3-10-1.

3-10-2.

3-10-3.

3-10-4.

3-11.

3-11-1.
3-11-2.
3-11-3.
3-11-4.

3-11-5.

3-11-6.

Find the <ID> for the GPIO that has a base address of 0x41210000.

Use the following command to see the available GPIOs in the system:

# 1ls /sys/class/gpio

An example output is shown in the image below.

root@ESD_Linux Hw:~# ls /sys/class/gpio

export gpiochipl29 gpiochipl30 gpiochipl38 unexport

There are three gpiochip<ID>s. gpiochip129, gpiochip130 and gpiochip138.

Enter the command below to find the base address of the GPIO with and ID of <ID>.
# cat /sys/class/gpio/gpiochip<ID>/label

In the output from the command, there will be an address listed.

Continue entering the command for the different gpiochips until you find the one that
has an address of 0x41210000

When you find the correct gpiochip<ID> entry, take note of the <ID> number.

Open the SDK program and edit the source file.

Open the SDK program.

Find GPIO_VALUE in the linux_appDev.c file (near line number 24).

Update GPIO_VALUE with the <ID> just obtained if needed.

Locate the comment "Check the direction of the GPIO - switch" (near line number 50).

You can now review the code on how the direction of the GPIO has been read.

Locate the comment "Write a code to open the necessary file to read the DIP Button file"
(near line number 71).
Insert the following line of code below the comment:

sprintf (buff, "/sys/class/gpio/gpio%d/value", gpio);
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3-12. Find the LED peripheral GPIO <ID> and update the code to blink when there
is a change in the DIP switch.

3-12-1. Follow the same steps explained previously to find the LED peripheral GPIO <ID>.
The base address for the LEDs peripheral is 0x41200000.
After finding the GPIO ID, follow the step below.

3-12-2. Locate the comment "For example - gpio-demo -g 130 -o 255" (near line number 110 in
the image).

3-12-3. Replace 130 with the actual ID in line numbers 114 and 116 in the source file if the GPIO
<ID> is different than 130.

while (count--){

// gpig-demo -g GPIO BASE -o value

// For example - gpio-gd
system("gpig-democ -gf

system("gpio-demo f a");
}

}
fclose(fp);

Figure 9-17: Updating the GPIO ID - LEDs Peripheral

3-12-4. Save the file and make sure that the file compiles without any errors.

3-13. Create a Run configuration. Run configurations associate an ELF object file
to a target for execution. In this case, the target is a hardware board
accessed over a network TCP/IP connection.

3-13-1. Click the C/C+ + perspective (top right) to return to the original perspective.

3-13-2. Right-click the appDev project in the Project Explorer window.

3-13-3. Select Run As > Run Configurations.

[ Project Explorer &2 = 08

Sh-30
1= P
o :
A Golnto
Open in New Window
A
: = Copy Ctrl+C
Paste Ctrl+V
®  Delete Delet
Source >
Mo
aaaaa F2
.
*  Comert.
.
®, Profile A
£ Target Conney g N,

»
art ebug As »
(= Auto Disc 5
zam »| £ 2 Launch on Hardware (System Debugger on QEMU)
»

Compare With .
Restorefrom Local History...  **ea, | [2] 4 Local C/Cs+ Application

th
& " 5 emote ARM Linux Application

£ 3 Launch on Hardware (System Debugger) lv

Ml Change Referenced BSP
C€/C++ Build Settings
#9 Run C/C++ Code Analysis

=5 helloWorld Properties Alt+Enter [

Figure 9-18: Selecting Run Configurations
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3-14. Configure the debug type and host connection.

3-14-1. Double-click Xilinx C/C++ application (System Debugger) to create a launch
configuration.

3-14-2. Select Linux Application Debug from the Debug Type drop-down list.

3-14-3. Click New next to the Connection drop-down list.

3-14-4. Enter ZyngBoard in the Target Name field.

3-14-5. Enter 192.168.1.10 in the Host field.

3-14-6. Enter 1534 in the Port field.

m Debug Configurations =

Create, manage, and run configurations

Run ar Debug a pragram using System Debugger.

T = EY
LY &3 x| =l 5T Mame: Hello_Linux Debug

type filter text ® Target Setup . [7] Application| 9= Arguments Environment | 5+ Symbol Files| 3
B3 Performance Analysis 2

Fﬁ Target Communication Framewark Debug Type: @num\pplicntiun Debug -
gD:B Kilinx C/C+ + application (GDB)
15.[:, Hilink C/C+ + application (System Debugger an QEMLU)
4 1i-|:‘r X'meC_-'C++ application {System Debugger)
?E.F Hella_Linux Debug

Connection: |Local -~ - ——— ‘('}

- .
X wte: ﬁaﬁn&o&sfg\\&bﬂﬂ hortin the target cannection (Default TCF agent port: 1534).
Zl

s 5
@ Target Connection Details [&J

New Target Connection

Creates new configuration for connecting to a target.

Target Mame  ZyngBoard o

[ Set as default target’

Specify the cong‘on type and properties
Type IHardware erver -

Host  192.168.L Lﬂwsﬂ

Port 1534
ElUse Symbol Serv,

Advanced » > - —— L

Filter matched 6 of L6 items w [ Apply ] [ Beyed ]
—‘ @j q 0K D‘[ Cancel B

@:’ e [ Debug ] [ Close ]

Figure 9-19: Selecting the Debug Type and Connection

3-14-7. Click OK.
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3-15. Select the application and remote file path to copy the ELF file to the board.
3-15-1. Select the Application tab.
3-15-2. Click Browse next to the Local File Path field.

3-15-3. Select the local file path to be C:\training\Linux_App_Dev\lab\appDev\Debug\appDev.elf.
3-15-4. Enter /tmp/appDev.elf in the Remote File Path field.

B Debug Configurations [
Create, manage, and run configurations F
Run or Debug a pragram using System Debugger.
@© Target Setup (] Application . 6)- dzgumenss I Enviignmept| 53 Symbol Files | 7 Source & PathMap| =) Common
G Rl o -
Project -~
Praject Name: S
~
o
4 & Xilinx C/C++ application (System Debugger) ’o’—_-- -~ ~
- Application -~
5, Melle Lo Debug » -~ A
Local File Path: \*
Commns rre—r —Ty- " ot Y search. ([ Browse. |)
Remate File Path
@ <—""
Working directory
\\
u N
se default ~So
[ Auto-attach pracess children sgs
[T stop at program entry S
[ stop at 'main’ s'h,h
~
~
~
~
\\
~
N
N .
N Aeply Revert
Filter matched 6 of 16 items N
@ O & |

Figure 9-20: Selecting the Local File Path and Remote File Path

3-15-5. Click Run.

The output will be displayed in the Console window.

[l Problems | ¥ Tasks | & Console 52 | E Properties| 48 Terminal 1
TCF Debug Process Terminal - P6363

Linux Application Development

Path to direction file - /sys/class/gpio/gpiol29/direction
GPIO set as INPUT

Path to value file - /sys/class/gpio/gpicl29/value

DIP Switch is set to @

Figure 9-21: Viewing the Output

3-15-6. Change the switch position and view the output in the Console tab.

Note: Whenever there is a change in the switch value, the LEDs blink for few seconds.

[£1 Problems | ] Tasks | &l Console 2 | E Properties| & Terminal 1
TCF Debug Process Terminal - P6369

Linux Application Development

Path to direction file - /sys/class/gpic/gpicl29/directicn
GPIO set as INPUT

Path to value file - /sys/class/gpio/gpicl29/value

DIP Switch is set to
DIP Switch is set to
DIP switch is set to
DIP Switch is set to
DIP Switch is set teo

W@ e @

Figure 9-22: Viewing the Output after the Change in the Switch Position
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3-16. Exit the SDK tool and power off the board.

3-16-1. Select File > Exit to close the SDK tool.
3-16-2. Power off the development board.

Summary

You created an application to read the DIP switch value on the ZC702 or ZedBoard and blink the
LEDs whenever the DIP switch value changed.
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Answers

Since there were no questions in this lab, this section is intentionally left blank.
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Lab 10: Boot Loading from Flash Memory

Zynq All Programmable SoC

2016.3

Abstract

Booting a system is a critical part of delivering a viable system. Here you will learn how to create
and customize a boot image.

Objectives
After completing this lab, you will be able to:

o Create a First Stage Bootloader (FSBL) that works with a custom boot image targeting the
QSPI

e Load the image into the QSPI and observe its execution

Introduction

This lab illustrates the steps involved in booting an application from QSPI Flash.

You will be provided with an existing hardware design running on the Zynq® All Programmable
SoC PS's Cortex™-A9 processor and a MicroBlaze™ processor. The presence of these two
processors will highlight how code from a single Flash device can be configured for multiple
processors.
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Note: The details of this design can be found in the topic cluster named "Sharing Resources".
The important element to remember is that there are multiple processors in this design: a
Cortex-A9 and a MicroBlaze processor. Regardless of whether you are using multiple MicroBlaze
processors embedded in an FPGA, multiple processors in a PS, or a mix of the two, the basic
process remains the same.

v
0P Block
DDR Cir
Cortex A9 <
=]
=
”°
e O
v
ok || maxero | [ saxero | || PS | S.AXLHPO
4 TR

felkd 100MHz

felk _re:

uBlaze Data Side

BRAM
Controller
Reset Module

» LEDs

Figure 10-1: Hardware Block Diagram

The applications for the processors are typically stored in non-volatile memory (such as QSPI)
and is executed from a faster, volatile, off-chip memory resource like DDR or block RAM.

You have been provided with a script to create the hardware project, the pre-generated HDF
files as well as the source code and a script to create the SDK projects required to build the boot
image.

To simplify development of the boot image, Xilinx SDK provides a Create Boot Image utility. You
will use the bootGen tool (available in SDK) to create a bootable image that you will then use to
boot the system and verify that the applications have launched.

The applications for this lab are very simple. Both processors initialize themselves then enter a
loop where they periodically emit a 'Z' (from the Cortex-A9 processor) or an 'M' (from the
MicroBlaze processor). This is only to illustrate that both processors are running their intended
code.

General Flow

Step 1: Step 2: Step 3: Step 4:
Investigating = Creating = Creating = Prqgram-
the 7| the SDK 7| theFSBL& | | ming &
Design Projects Boot Image Executing
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Investigating the Hardware Design [2016.3] Step 1

A Tcl script has been provided for you to quickly build the hardware project. You
will begin by launching the Vivado® Design Suite and running the provided Tcl
script to assemble the project.

There are a number of ways to launch the Vivado Design Suite. The two most
popular mechanisms are shown here.

1-1. Launch the Vivado Design Suite.
This can be done in two standard ways, use your preferred method.

1-1-1. Select Start > All Programs > Xilinx Design Tools > Vivado 2016.3 > Vivado 2016.3.

@..........,_
»
L
o

Xilinx Design Tools -

i: Uninstall Xilinx Information Cgnter
i: Kilinx Information Center &
DocNav .
SDK 2010 o
Vivado 201 . &
¥ Add Design Tools ogBevices 201
i'ér_k_m Manage Xilinx Licatses
£ Uninstall 201} ..:'
BN Vivado 201 Shell
4. Vivado 201
Systern Generator
Vivado HLS

Figure 10-2: Launching the Vivado Design Suite from the Start Menu
--OR --

ol
Double-click the Vivado Design Suite shortcut icon (f <) on the desktop.
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The Vivado Design Suite opens to the Welcome window. From the Welcome window you
can create a new project, open an existing project, or enter Tcl commands directly into
the Vivado Design Suite as well as access documentation and examples.

# Vivado 201 [E=H Ho =
File Flow Tools Window Help Search commands
/
Create a New Project, Vl\/ADO i: %ﬁlﬁl:s!wNnﬁ
Open an Existing HLx Editions

(including Recent)
Projects or an
Example Project

Recent Projects

D

Create New Project Open Project Open Example Project
Manage IP, Open
Hardware Manager Ta
and Xilinx Tel Storect g: -
Manage IP Open Hardware Manager Xilinx Tdl Store
Deocumentation, Information Center

Quick Take Videos

Tel Conscle

Documentation and Tutorials Quick Take Videos Release Notes Guide

e

d Console

2_Ouwex
{atarc_gut

& H

<

&

Type a Tel command here

Figure 10-3: Vivado Design Suite Welcome Screen

222 www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
© Copyright 2016 Xilinx



Lab Workbook Lab 10: Boot Loading from Flash Memory

You will now load the provided Tcl script and have it build the project.

The Vivado Design Suite offers both GUI and scripted control. Scripted control
takes the form of Tcl commands. These Tcl commands can be entered directly
into the tool one at a time, or an entire Tcl script can be loaded and executed.

1-2. Run a Tdl script.
1-2-1. Locate the Tcl command line entry.

The command line entry can be found either on the Welcome page prior to a project
being opened, or once a project has been opened.

From the Welcome screen:

4L Vivado S04 E‘@

Flle Fow Tools Window  Help Ssearch commands

VIVADO! o i £ XILINX

Manage IP (Open Hardware Manager ‘ E TolC ds H [ -
‘ nter Tcl Commands erel

a T_';: a Tl command here D) '
I T e T L Y
Figure 10-4: Accessing the Tcl Console from the Getting Started Page

From an opened project:

R Py St Por g Vivado 20135

File Edit Flow Tools Window Layout View Help

S

:_bitstream Complete

Ao BER X PP B E X I G [SoefhutLayout HR K J

» mpeientati., ] ||

[ ’

A Enter Tcl Commands Here
| it | b

q D]

2 Tel Console | = Messages | [ Log | |2 Reports | [3 Design Runs

I S——— SNy o ‘W‘rw"“*’r"p;Fdﬁ-@”

# Implementation Settings

o
o
2
o
1
u}
r
=

X i) @& = 9k B

Figure 10-5: Entering Commands into the Tcl Console from an Open Project

The default directory for the Tcl environment is nested within the Xilinx installation
directory. This placement, however, is often disadvantageous. In most cases, you will
want to navigate to a more useful path. To do this, use the cd command to change
directory to the user directory.
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1-2-2. Change the current working directory to where the Tcl script is located by entering:

cd c:/training/bootLoading/support

Remember that the Tcl environment is based on Linux and requires the '/' character to
delimit hierarchical paths.

1-2-3. Verify that you are now where you want to be by entering the following into the Tcl
command line:

pwd

The current working directory is displayed. If you are not where you want to be, use the
cd command to change to c: /training/bootLoading/support.

1-2-4. Enter the following Tcl command:

source bootLoading completer.tcl

The Tcl script is run as though you typed each command included in the Tcl script into
the Tcl command line. You can follow the execution of the script and monitor for any
errors or warnings in the Tcl Console.

The Tcl script is now loaded and you have been invited to begin entering
command and proc names into the Tcl command line.

1-3. Build the project.

1-3-1. Enter the following command to specify the board type, using either ZC702 or Zed as the
argument to the use proc:

use [ZC702 | Zed]
You can now specify how the outputs are to be directed.
1-3-2. Specify base for using the LEDs on the board:
use base
1-3-3. Enter the following command to launch the proc that builds the entire project:
makeProject

The project builds in the Tcl window. When it completes, the Vivado Design Suite GUI
will open.
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1-4. Investigate the design for the following features:

« Boot source

e Instruction memory for the PS

e MicroBlaze processor

o Instruction memory for the MicroBlaze processor

e Connection between the MicroBlaze processor and the PS

1-4-1. Click Open Block Design in the Flow Navigator window to open the Vivado IP integrator

design.

1-4-2. Click the Show Interface Connections Only icon to hide clock and reset signals so that
you can focus on the AXI connections.

,ources - [c; /tra\mngfbootLoadmgﬂabsfbootLoadlng,fshaﬁ

T'ow  Tools Window Layout View Help

ISPPLBKIEE %nefamtf

-5ign - mbZynq_design *

L 4

S_oe x
&=

laze_0_axi_dp +
Aze 0_gxi ne

— 0O ..
u ik

aze_0_axi_perip

o
micro|=

‘ame: mbZyr _ ( s

D

Properties

Zo Diagram X | B Address Editor x
# # mbZynq_design »

r
-

I Show interface connections only‘

Figure 10-6: Locating the Show Interface Connections Only Icon

Question 1

Where can you find the boot source?

Question 2

What memory is available for the MicroBlaze processor?
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Question 3

How are the PS and the MicroBlaze processor connected?

Since no changes should have been made, you can exit the Vivado Design Suite without
saving.

1-5. Close the Vivado Design Suite.
1-5-1. Select File > Exit.

The Exit Vivado dialog box opens.

Exit Vivado |

| OK to exit Vivado?

[7] Don't show this dislog agair

[ OK ” Cancel ]

Figure 10-7: Exit Vivado Dialog Box

1-5-2. Click OK.
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Creating the SDK Projects Step 2

With the hardware investigation now complete, you will move on to briefly
investigating the software aspect of the project prior to creating the boot image
file.

2-1. Launch the Xilinx Software Command Line Tool (XSCT).

2-1-1. Select Start > All Programs > Xilinx Design Tools > SDK 2016.3 > Xilinx Software
Command Line Tool 2016.3 to launch the tool.

Alternatively, you can launch the tool from its desktop shortcut, if available.

LRI AV Y

.i ilinx Design Tools

. f: Uninstall Xilinx Information Center
. ® | Xilinx Information Center

L

| DocNav

"Eay
anny

| Hardware Server 201
DK 201

,; S
v Manage Xilinx Licenses
L)

. Xilinx SDK 201
: ~——
@ Xilinx Software Command Line TOEL

I Vivado ZUL -

Back

‘ Search programs and files jo |

Figure 10-8: Launching XSCT

The Xilinx Software Command Line Tool opens.

ﬁ Xilinx Software Command Line Tool 201 - CAXilin\SDKAV20L \bin\xsct.bat

»

wxxxxx X1linx Software Commandline Tool (XSCT) vz2o1:
xxxx Build date : W : e -
xx Copyright 1986-201" Xilinx, Inc. All Rights Reserved.

| m

xscth

W W

Figure 10-9: Xilinx Software Command Line Tool

You can now enter Tcl commands into the tool.
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2-2. Build the SDK projects.

2-2-1. From the Xilinx Software Command Line Tool, change directory to the support directory:

cd c:/training/bootLoading/support
2-2-2. Access the procs needed for the SDK build:

source helper.tcl

2-2-3. Select the ZC702 or Zed board:
use [ zZC702 | zZed ]

2-2-4. Create the SDK projects:

source SDK builder.tcl

This will create and build the application projects for the Zyng and MicroBlaze
processors.

After the script has completed, the Xilinx Software Command Line Tool has no further
use and can be closed.

2-3. Launch the SDK tool and set the workspace.

2-3-1. Select Start > All Programs > Xilinx Design Tools > SDK 2016.3 > Xilinx SDK 2016.3
to launch the tool.

Alternatively, you can launch the tool from its desktop shortcut, if available.
The Workspace Launcher opens after a moment.

The SDK tool creates a workspace environment that initially only contains a thin structure
that tracks tool settings and maintains the SDK tool log file. In SDK, as projects are
added, this workspace will update to include hardware projects, BSPs, and your software
applications. Workspaces can be switched from within the SDK tool (select File > Switch
Workspace).

If it becomes necessary to move a software application to another location or computer,
use the import and export features. Manually copying files is not recommended as
workspace files are set to use absolute path names and this will cause the tool to
become unstable.

The default location for the SDK software workspace (when launching from within the
Vivado® Design Suite) is the root directory of your hardware project; however, a long
path name can lead to problems on Windows-based machines. There is no default
location for the tool projects. Placing your project at the root level or one hierarchical
level below helps keep the path names as short as possible and is recommended.

Many of the Xilinx labs do not follow this guidance as it is important to keep a
predictable structure through the various courses and labs. These labs have been tested
to ensure that path name lengths do not cause problems.
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2-3-2. Enter C:\training\bootLoading\lab into the Workspace field or use the Browse button
when the Workspace Launcher opens.

Note that when you use the Browse button, you will need to select the
C:\training\bootLoading\lab directory and click OK.

rm Workspace Launcher @j

Select a workspace

Kilinx 50K stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session,

Workspace: I Use the Workspace Specified in the Instructions I - Browse...

[] Use this as the default and do not ask again

Figure 10-10: Setting Up the Workspace Environment Path

2-3-3. Click OK to close the Workspace Launcher dialog box and open the new workspace.

A workspace location and hardware platform are created when the Export Hardware
Design for SDK command is performed from the Vivado Design Suite (or they can be
created manually). While not a requirement, it is a good idea to keep the related files
together.

Note that SDK must associate with a hardware system that has been previously exported
so that an appropriate software platform or board support package can be built.
However, the SDSoC™ development environment can take advantage of available
platforms (for ZC702/ZedBoard). The hardware platform can be created for your custom
hardware.

Usually, a platform provider builds the platform hardware using the Vivado Design Suite
and IP integrator. For more information on platform creation, refer to the "SDSoC
Platform Creation" topic cluster.

When the SDK tool is launched on its own, you must manually identify where you want
the workspace and create (or import) the necessary hardware description to begin
developing an application.

2-3-4. Close the Welcome tab if it appears.

This will give you more room to view your project. You may also want to maximize the
SDK window, as there will be a lot to see.

The projects that were just built will appear in the Project Explorer view located in the left
side of the SDK window.
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Question 4

What projects are in this workspace? What are they for?

Question 5

What information from these projects needs to be included in the boot image?
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2-4. Open the BSP settings.

2-4-1. Expand the sharedResourcesQSPI_Zynq_bsp project so that the system.mss file is
shown (1).

The system.mss file provides an overview of the BSP and supports modification and
regeneration of the BSP and its sources.

2-4-2. Double-click the system.mss file to open the Board Support Package Project settings
dialog box (2).

2-4-3. Click the Modify this BSP's Settings button to open a dialog box that contains the BSP
Settings (3).

2-4-4. Click Overview in the left window pane (4) if the Overview view is not selected.
2-4-5. Select xilffs under the Supported Libraries section (5).

File Edit Source Refactor Navigate Search Project Xilinx Tools Run Window H

= |

v crAa-henPlEED wE v A
[% Project Explcrer@ E%|¥ 7 = 8 |G systemmss 2 Q

1 Documentation

? o+ Board gy

(s s gseins

ahdikefile

...... ;
( 4
=3
. m Board Support Pacliage Sitll\'qp{- @
-
> & Board Supp’un-Pa‘c‘Eage Settings %
L — '-.“-_.. 2l -
Cﬂntrq&farious settings of your Board Support Package.
-,, (4)
tandalone —
4 brivers 05 Type:
1
II OS Version:
1
1
|'| Target Hardware
\‘ Hardware Specification:
[ Processor:
‘\
\ Supported Libraries
Y
I \ Check the box next to the libraries you want included in your Board Support
\\ Package.You can configure the library in the navigator on the left.
\\ (
\\ 5) Name Version Description
~oo. (L)
£ Select Libraries As Per
E Instructions
It
~
.‘.."b.,.-. 0
@) e ——— | oK ) Cancel

Figure 10-11: Accessing the BSP Customization Dialog Box

2-4-6. Click OK to modify the BSP and rebuild the BSP's sources and binaries (6).
Note: The xilffs library is needed by the first stage bootloader application.
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Creating a Boot Image File Step 3

You will now create the First Stage Bootloader application that will execute on the
Cortex A9_0 processor and take over booting from the bootrom program.

Using the Application Project Wizard is a quick way to set up a C or C++ software
application project that targets an existing processor and OS platform
(Standalone or Linux). You can automatically generate the board support package
(BSP) or select an existing one. Based on the dialog box choices, the appropriate
tool chain is selected for pre-processing, compiling, assembling, and linking.

3-1. Create a new C/C++ application project named Zynq_FSBL_app. Use the
board support package named Zynq_FSBL_bsp.

3-1-1. Select File (1) > New (2) > Application Project (3) to open the New Project dialog box.

S
. e ication Projec
e T BT SPMProject

oty | Board Support Package

Project..

Curl-Shift-w | Lo

Figure 10-12: Creating an Application Project

3-1-2. Enter Zynq_FSBL_app as the project name.

3-1-3. Ensure that you have sharedResourcesQSPI_hw selected from the Hardware Platform
drop-down list as the SDK tool can manage multiple platforms within a single workspace.
This will populate the Processor drop-down list accordingly.

3-1-4. Ensure that ps7_cortexa9_0 is selected from the Processor drop-down list.
3-1-5. Ensure that standalone is selected from the OS Platform drop-down list.

3-1-6. Select Use Existing and choose an existing BSP from the drop-down list if you have
already created a BSP for this hardware platform; otherwise, select Create New and
enter the name for the BSP as Zynq_FSBL_bsp.

T =

Aot =

..................

05 Platform: | Select OS Platform per Instructions

o, Select Hardware Platform per Instructions |
Select CPU Target per Instructions

Targe Software
Language ®C OC
Boord Support Packageff @ Yreste New
Name of BSP per Instructions
/ iy
Use New or
Existing BSP
5

Figure 10-13: Entering Application Project Information
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3-1-7. Click Next to select the template for this application.

3-1-8. Select Zynq FSBL (1).

Templates

Create one of the avalable templates to generate a fully-functioning

application project.

=lolx|

s

Available Templates:

Dhrystone
Empty Application

Let's say 'Hello World' in C.

=

wIP Echo Server
Memory Tests
OpenAMP echo-test
OpenAMP matrix multiplication Demo

QpenAMP RPC Demo

Select the Application

Template per
Instructions

Peripheral Tests

RSA Authentication App
Zyng DRAM tests

Zynq FSBL

2

@ < Back Rext & Finish

[

Cancel |

Figure 10-14: Selecting an Application Template (Selection in Figure May Not Match

Instructions)

3-1-9. Click Finish to create the new project (2).

As the project is created, the new BSP is compiled and any sources from the templates

are also compiled. The creation of the new project usually takes less than a minute.

3-2. Build all of the projects.

3-2-1. Force the building of all applications by selecting Project > Build All.

Run [Project] Xilinx Tools  Window Help

H - Open Project

Close Project

= Build Al cma)

WiC.C

Build Configurations »
Build Project

Build Working Set »
Clean...

v Build Automatically

Make Target »

Figure 10-15: Selecting Build All

Note: In 2016.3 the SDK tool does not automatically build the FSBL project upon

creation; hence, the need to build all projects.
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After the FSBL application has been created, you will create a boot image file that
contains the Zynq All Programmable SoC FSBL, the BIT file for programmable
logic (PL) configuration, and the software application ELF file.

3-3. Create the boot image.

3-3-1. Right-click the Zynq_FSBL_app project from the Project Explorer view to open the
context menu.

3-3-2. Select Create Boot Image to open the Create Boot Image Wizard.

C/Ct+ - L - Xilin SDK

File Edit Source Refactor Navigate Search Project Run Xilinx Tools W

o~ |® &~ h New »
Go Into

[ta Project Explorer & B N
Open in New Window

_bsp
™

Paste Ctrl+V

[

4 *

*. b4 |e Delete

0 -~
J‘ho‘-—r—%: PP e e S

Lo w o~ P

s . ;

> = "‘ T Generate Linker Script
g Change Referen ed BSP
B Create Boot Image

%" Run C/C++ Code Analysis
PR N Y P o -r__‘,-_—_ Ly

Figure 10-16: Selecting Create Boot Image

The Create Zynq Boot Image dialog box opens.
3-3-3. Make sure that Create a new BIF file is selected (1).
The Output BIF file path and the Output path field will auto-populate (2, 3).

The Boot image partitions section will auto-populate based on the bitstream provided in
the hardware specification project and the ELF from the Zynq_FSBL_app application
project.

Note: If there is a bitstream file in the design, it must be the next entry after the
bootloader and any other files should be after the bitstream file.

You will now have to modify the bitstream image and add the remaining file to the boot
image partitions.

[ Creote Boot image e

Create Boot Image P

Figure 10-17: Creating the Boot Image File Using the Create Boot Image Wizard
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3-3-4. Select the second entry in the Boot image partitions box C:\training\bootLoading\
lab\sharedResourcesQSPI_hw\mbZynq_design_wrapper.bit (4).

3-3-5. Click the Edit button (4) to edit the bitstream entry.

3-3-6. Using the Browse button next to the File path field, browse to C:\training\bootLoading\
lab\sharedResourcesQSPI_hw.

3-3-7. Double-click mbZynq_design_wrapper_download.bit to select and add the file.

3-3-8. Click OK to add this modified partition to the boot image.
Note: This bitstream has been modified to preload the MicroBlaze processor with the
MicroBlaze processor application. If this were not done, the MicroBlaze processor block
RAM would be loaded with all zeros and do nothing. As this is a simple design, the
functionality to load the MicroBlaze processor code from the PS is not available. Details
of how this bitstream is generated can be seen in the last line of the SDK_builder.tcl
script.

3-3-9. Click Add to begin adding the next ELF file (4).
This will open an Add new boot image partition window.

3-3-10. Using the Browse button next to the File path field, browse to C:\training\bootLoading\
lab\Zynq_app\Debug.

3-3-11. Double-click Zynq_app.elf to select and add the file.

While there are other options including encryption, alignment, offset, etc., you can leave
these blank for this lab.

3-3-12. Click OK to add this partition to the boot image.
3-3-13. [Optional] Click Preview BIF Changes (5).

If you had a previous BIF file, this would compare the old BIF file (left-hand pane) with
the newly generated BIF file (right-hand pane).

Question 6

How does the boot image file indicate what gets loaded first and where?

© Copyright 2016 Xilinx



Lab 10: Boot Loading from Flash Memory Lab Workbook

Question 7

How might you add a data file to the boot image?

3-3-14.1f you examined the BIF file, click OK to close the comparison window.
3-3-15. Click Create Image to build the boot image (6).

3-4. Review the generated file.
3-4-1. Expand the Zynq_FSBL_app folder using the Project Explorer tab.
Note that the bootimage folder has been created.

[t5 Project Explorer 2 S &®|Y v= 0o
- (&
> (il
&
=
. 5
4|5 Zyqn_FSBL_app
- #% Binaries
» w Includes
4 (= bootimage
= Zyqn_FSBL_app.bif

= = SIC

Figure 10-18: bootimage Directory
The BOOT.bin image is used for booting the application from Flash and will appear
under bootimage.

3-4-2. Double-click Zynq_FSBL_app.bif and review the contents.

The image shows the partitions and order in which the files will be executed. This is the
same information you saw when you clicked the Preview BIF Changes button.

Note: The boot image file can also be created manually, the details of which are outside
the scope of this lab.
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Programming the Flash and Executing the Application from
Flash Step 4

The boot image file created in the previous step will be used to program the
Flash. You will then power-cycle the board and boot the system from the Flash
device.

For this step, ensure that the board is properly connected to the computer, that
there is no SD Card inserted, and that the development board is powered on.

4-1. Select the boot image file to program the Flash memory.

4-1-1. Select Xilinx Tools > Program Flash.

4-1-2. Click Browse to locate the boot image.

4-1-3. Browse to the C:\training\bootLoading\lab\Zynq_FSBL_app\bootimage directory.
4-1-4. Select the BOOT.bin image file.

4-1-5. Click Open to use this file as the source.

For this lab, there is no offset that is required.

4-1-6. Select gspi_single from the Flash Type drop-down list.

Program Flash Memory

Prograrm Flash Memory wia In-system Programrmer,
Connection: |Local v| | Mew |
Dewice: Auto Detect: Select
Trnage File: CihtraininghadvEmbSysDsgnilabsibootFlash\zcT02vcortexd B bootup_LEDs sdkASDRASDE_Exportimio_emio_LEDs\bootimageymio_emio_LEDs.mc: | Browse
Offset: Flash Type | gspi_single -

Brouwse

Blank check after erase

Werify after flash

3

'\\?J' Program ] | Cancel

Figure 10-19: Programming the Flash

4-1-7. Click Program.
This process will take a few minutes to complete.
You can see the programming status in the Console window.
You will see the following message once the programming is completed:

Flash Operation Successful
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4-2.

Determine the COM port number for the USB serial port used on the board
and configure the related terminal emulator program for that COM port at
115200-N-8-1.

If you do not recall how to perform this task, refer to the "Configuring the SDK
Terminal" section under SDK Operations in the Lab Reference Guide.

4-3. Set and verify the jumper settings for booting from flash.

4-3-1. Power off the board now that you have programmed the flash, as you need to change
the jumper settings for the flash boot.

4-3-2. ZC702 board users: Make sure that the jumper settings for booting from flash are set as
shown below.
If the jumpers have not been populated, set the switch SW16 to 00010. The jumpers and
switch are connected to the same nets.
Figure 10-21: SW16 Configured to Boot from QSPI
ZedBoard users: Make sure that the jumper settings for booting from flash are set as
shown below.
Figure 10-22: Jumper Setting for QSPI Boot (ZedBoard)
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4-4. Connect the ZC702 or ZedBoard to your machine.

4-4-1. Make sure that both the UART/USB and programming USB cables are connected to your
machine.

4-4-2. Power the board off now if it is powered on.

4-5. Verify the running software application program.

4-5-1. Power on the board.
You should see the DONE LED go ON. The application will now be loaded.

4-5-2. Verify the messages on the serial port console.
You should see a mix of 'Z' (indicating that Zyng_app is running) and 'M' (indicating that
uB_app is running). These may take a up to 10 seconds to appear.

Question 8

What is the ratio of 'Z's to 'M's?

4-6. Exit the SDK tool and power off the board.

4-6-1. Select File > Exit.
4-6-2. Power off the development board.

Summary

You just reviewed a hardware and software embedded project and created a bootable image
that you burned into the target board's Flash memory. You learned how to create various boot
image sections and identify the sections as ELF, BIT, data, and bootloader.

This process can be applied to significantly more complex systems, including those with Second
Stage Boot Loaders and operating systems.
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An

swers

Where can you find the boot source?

Since this is a Zynq device, booting is controlled from a series of jumpers that is read when
the device is powered up. The board should be configured to boot from the QSPI device.
This means that the pins in the MIO should be connected to the QPSI device and should be
enabled.

You can quickly check to see how the MIO is configured by double-clicking the PS block and
selecting either Peripheral I/0O Pins or MIO Configuration.

What memory is available for the MicroBlaze processor?

The MicroBlaze processor is connected to the HP port of the PS, giving it access to DDR
memory, as well as being equipped with its own local block RAM memory for cache and
low-latency access.

How are the PS and the MicroBlaze processor connected?

There are two points of connection: an AXI path to the HP port of the PS for access to the
DDR and a master AXI connection into the PS so that the MicroBlaze processor can access
the IOP block within the PS. This is how the MicroBlaze processor will issue serial characters.

What projects are in this workspace? What are they for?

e sharedResourcesQSPI_hw: Hardware project that describes the environment in which the
software will operate. This includes the number of types of processors, types and
quantities of memory, types and quantities of peripherals, and a memory map placing all
devices within the memory scheme.

e sharedResourcesQSPI_uB_bsp: Board support package derived from the hardware project
specific to the MicroBlaze processor. This includes device drivers for the peripherals and
processors, utilities, and other important support features.

e sharedresourcesQSP|_Zynq_bsp: Board support package derived from the hardware
project specific to the Cortex-A9 processor in the PS. As with the MicroBlaze processor's
BSP, this includes device drivers, utilities, and other necessary support.

e uB_app: Application that runs on the MicroBlaze processor.
e Zynq_app: Application that runs on the Cortex-A9 processor in the PS.

e Zynq_FSBL_app: First Stage Boot Loader that will run on the Cortex-A9 processor in the
PS. The job of this application is to load the ELF files into their appropriate places in
memory and load the bitstream in the PL.
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5. What information from these projects needs to be included in the boot image?

Typically the bitstream for the PL is included in the hardware project and will be needed for
the boot image. When the applications are compiled, the necessary information is extracted
from the BSP, so the BSP projects are not explicitly used. The BSP combined with the
application for the Zynq device and MicroBlaze processors produces a pair of ELF files: one
for the Cortex-A9 processor and the other for the MicroBlaze processor.

A mapping of how the two ELF files and bitstream is also required and will be created in the
next step as well as a First Stage Boot Loader to extract the various types of files from the
NV-RAM device and place them in memory.

6. How does the boot image file indicate what gets loaded first and where?

The BIF file tags the bootloader with a [bootloader] stamp. This file must be the first ELF file
in the Boot Image Partitions list. This was automatically determined by the tools. The
partition type could also be specified in the Edit Partition dialog window. The FSBL contains
information regarding how to handle BIT files and ELF files.

7. How might you add a data file to the boot image?

Click Add to create a new boot image partition, browse to your data file, and select datafile
from the Partition type drop-down list.

8. What is the ratio of 'Z's to 'M's?

There should be two 'M's appearing for every one 'Z' because uB_app emits an 'M' every five
seconds and Zynq_app emits a 'Z' every 10 seconds.
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Lab 11: SDK Tool Profiling

Zynq All Programmable SoC ZC702 or ZedBoard

2016.3

Abstract

This lab demonstrates how to profile a program, interpret reports, and verify performance with
multiple calls. You will use profiling information to determine which tasks are consuming the
most amount of time. The instructions will guide you through profiling a program and analyzing
the results.

Objectives

After completing this lab, you will be able to:

e Profile an application by using the SDK tool

e Profile code and determine the most time-consuming functions via the SDK tool

e Thoroughly interpret the profiling results

Introduction

Profiling is a method by which the software execution time of each routine is determined.
Routines that are frequently called are best suited for placement in fast memories; cache being
one candidate.

TCF Profiler is a non-intrusive profiler based on PC sampling. An application is run that collects
the list of PC recordings and maps them to the locations of subroutines. The number of
occurrences of all of these subroutines is summed and reported to the user.

The following is an example of a non-intrusive profiler.
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Given a main and a number of functions, TCF Profiler samples the functions using the PC.

funA()

main)  t——=—(6) o
()
)
1)

funB()

func()

Figure 11-1: Example of Profiling Interrupts Against a Memory Map

After a sufficient amount of time passes and a statistically significant number of samples is
collected (15 samples stated in this example is NOT enough; this is just an example), the data is
extracted from the system memory.

function | freq
main() | 4
funA) | 1
funB() | 3
funC() | 1
funD() | 4
fune) | 1
funf() | 0
funG() | 1

Figure 11-2: Frequency Table for Above Example

This information can be represented graphically, in terms of time, etc. One should note a few
things from this example. First, funF() was never called. Really? Or were too few samples
captured? Perhaps the sample interval was set too long and funF() executes very quickly and was
simply never captured there?

The profiling tools enable you to set the granularity of the timer; but be careful, too fine a
granularity might impact your code in other ways. If this is rerun, it is entirely possible that a
slightly different set of results may be generated. This becomes a probabilistic analysis.

Neither profiling technique is perfect, but they do not need to be. Remember that profiling will
give you a feel for how your code is executing, not a perfect representation.
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General Flow

Step 1: Step 2: Step 3: Step 4: Step 5:
Getting « | Configuring « | Configuring | Running ~. | Analyzing
Ready to = for = for — |the Default| — | the TCF
Profile Linux Standalone Profile Data
Getting Ready to Profile Step 1

You will begin by creating an SDK tool software application. The provided C
source code will be used as the target for profiling. The software application will
compile and link without errors.

You will use C:\training\SDK_Profiling\lab as the SDK tool workspace. The SDK
development environment will automatically create a hardware platform
depending on the development board that is selected.

Once the SDK tool is launched and a workspace is set up in this directory, you will
not be able to move these directories.

1-1. Launch the SDK tool and set the workspace.

1-1-1. Select Start > All Programs > Xilinx Design Tools > SDK 2016.3 > Xilinx SDK 2016.3
to launch the tool.

Alternatively, you can launch the tool from its desktop shortcut, if available.
The Workspace Launcher opens after a moment.

The SDK tool creates a workspace environment that initially only contains a thin structure
that tracks tool settings and maintains the SDK tool log file. In SDK, as projects are
added, this workspace will update to include hardware projects, BSPs, and your software
applications. Workspaces can be switched from within the SDK tool (select File > Switch
Workspace).

If it becomes necessary to move a software application to another location or computer,
use the import and export features. Manually copying files is not recommended as
workspace files are set to use absolute path names and this will cause the tool to
become unstable.

The default location for the SDK software workspace (when launching from within the
Vivado® Design Suite) is the root directory of your hardware project; however, a long
path name can lead to problems on Windows-based machines. There is no default
location for the tool projects. Placing your project at the root level or one hierarchical
level below helps keep the path names as short as possible and is recommended.

Many of the Xilinx labs do not follow this guidance as it is important to keep a
predictable structure through the various courses and labs. These labs have been tested
to ensure that path name lengths do not cause problems.
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1-1-2.

1-1-3.

1-1-4.

Enter C:\training\SDK_Profiling\lab into the Workspace field or use the Browse button
when the Workspace Launcher opens.

Note that when you use the Browse button, you will need to select the
C:\training\SDK_Profiling\lab directory and click OK.

rm Workspace Launcher @j

Select a workspace

Kilinx 50K stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session,

Workspace: I Use the Workspace Specified in the Instructions I - Browse...

[] Use this as the default and do not ask again

Figure 11-3: Setting Up the Workspace Environment Path

Click OK to close the Workspace Launcher dialog box and open the new workspace.

A workspace location and hardware platform are created when the Export Hardware
Design for SDK command is performed from the Vivado Design Suite (or they can be
created manually). While not a requirement, it is a good idea to keep the related files
together.

Note that SDK must associate with a hardware system that has been previously exported
so that an appropriate software platform or board support package can be built.
However, the SDSoC™ development environment can take advantage of available
platforms (for ZC702/ZedBoard). The hardware platform can be created for your custom
hardware.

Usually, a platform provider builds the platform hardware using the Vivado Design Suite
and IP integrator. For more information on platform creation, refer to the "SDSoC
Platform Creation" topic cluster.

When the SDK tool is launched on its own, you must manually identify where you want
the workspace and create (or import) the necessary hardware description to begin
developing an application.

Close the Welcome tab if it appears.

This will give you more room to view your project. You may also want to maximize the
SDK window, as there will be a lot to see.
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If you are working in the SDK tool and do not have a hardware project and BSP
specified, select the BSP and hardware project during the import process. SDSoC
tool projects do not require a hardware platform nor a BSP.

One or more projects can be exported as a single zipped file. This is convenient
when passing projects or parts of projects to teammates or clients. Once the
recipient has received this archive, the zip file must be processed and one or
more projects can then be imported.

1-2. Import an existing project.

1-2-1. Select File > Import to open the Import Wizard.

[[File [Jdit Navigate Search Project Run Xilinx
Alt+Shift+N »

MNew

LT '

Open File...
Close Ctrl+W
= ’
N \ﬂCN il g
»
.
-
*
=D
Ly Export...
Properties Alt+Enter

prutt ™ P

Figure 11-4: Accessing the Import Wizard

The Import dialog box opens.
1-2-2. Expand the General node to access the commonly used methods (1).
1-2-3. Select Existing Projects into Workspace as the goal is to import an existing project (2).

Select \4
Create new projects from an archive file or directory. I E 5
Select an import source:

1 v text
* General o
[ Archive File
:
. o7 CIFNESYSTEm
i b [C] Preferences
s B C/Cr+
> = Install
> (= Remote Systems
> (= Run/Debug
> = Team
> (= Tracing
¢ (= Kiling

@ < Back Net> 1) Finish

Figure 11-5: Choosing to Import an Existing Project into the Workspace

1-2-4. Click Next to enter project-specific data (3).
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1-2-5.

1-2-6.
1-2-7.

1-2-8.
1-2-9.

1-2-10. Click Finish to perform the importing of the project (4).

Select the Select archive file option (1).

Note that projects can be archived either as single zip files, or you can import from a
directory. Typically, projects are preserved as archives as they are easier to move.

Click Browse to navigate to C:\training\SDK_Profiling\support (2).
Select profLab_{standalone | linux)_(ZC702 | Zed)_start.zip, which contains the

archived projects.

Click Open to open the archive and list the various projects in that archive.

Select all of the listed projects to import (3).

«~= Import

Import Projects

Select a directory to search for existing Eclipse projects.

W

s

-

2 rowse...

ct root directory:
elect archive file: I

Per Instructions

I Browse... D

Projects:

®

Select All
Deselect All

Options
Search for nested projects
Copy projects into workspace
[] Hide projects that already exist in the workspace
Working sets
[] Add project te working sets

Select...

(4)
@ < Back MNext > Q Finish \ﬂ Cancel ]

Figure 11-6: Import Settings for Archived Projects
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Because the profiling operation slows program execution speed, the source code
will be modified to ensure that the profiling completes in an acceptable time
frame.

1-3. Open SDSoC lab_design_main.c in the editor.
1-3-1. Locate SDSoC_lab_design_main.c using the Project Explorer pane.

Note: You may need to expand the branches of the tree (project name > src).
1-3-2. Double-click the source file to open it in the editor window.

Alternatively, you can right-click the source file name and select Open.

The Open With option provides access to other editors, including those outside the SDK
tool environment.

[ Project Explorer & = <=‘==;'>| ¥ ¥ =0
a®

0N

Right-Click Source File

» | fc| SDSeC_lab_d o :
1 MNew 3

d Open
% [ 2] ot
¥ Delete Delete Bl TetEditor
Source ¥ | |5 System Editor
Move... =| In-Place Editor
i) | e Default Editor
oy Export. Other...
£ Refresh F5
Index 3
Resource Configurations 3

Build Selected File(s)
Clean Selected File(s)

Team »
are With

Figure 11-7: Opening a Source File via Right-Click

Y VSV Vi VoSN s W Ve WRDE V. WA 1
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1-4.

1-4-1.

1-4-2.
1-4-3.
1-4-4.

1-4-5.

Find #define LOOPS.

The find/replace operation is accessible through both a click sequence and a
keyboard shortcut.

Select Edit > Find/Replace or press <Ctrl + F>.
The Find/Replace dialog box opens.

i ™
== Find/Replace [-:"' =k ﬂ_hj

Find: | -

Replace with: -

Direction Scope
@ Forward i@ All
(") Backward () Selected lines

Options
[7] Case sensitive Wrap search

Wholewerd [ Incremental

[7] Regular expressions

Find Replace/Find

Replace Replace All

Close

Figure 11-8: Default Find/Replace Dialog Box

Enter #define LOOPS in the Find field.
Click Find or press <Enter> to find the next occurrence of #define LOOPS.

Continue clicking Find or pressing <Enter> until you locate the specific instance that
you are looking for.

With the Wrap search option enabled, the file is treated as a continuous loop and the
find operation will jump to the next occurrence at the top of the file (when searching
forwards) or at the bottom of the file (when searching backwards). A "ding” sound is
made when the search wraps around.

If you are looking for text within a specific region of the code you would first highlight
the region to perform the search in, then launch the Find/Replace function as described
in this topic.

Click Close to close the Find/Replace dialog box.
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1-5. Set the macro LOOPS to 1.

This sets how many times to perform the image processing operations on
the image.

For profiling in Standalone with stack tracing enabled (which this lab does),
the program execution will be ~12 times slower than running normally. This
is because the JTAG access to certain registers to gather performance data is
limited by the JTAG cable speed. The profiling is still non-intrusive but the
execution time will be reduced.

1-5-1. Edit this line to read:
#define LOOPS 1

Tip: Do not insert ;' at the end of this macro as this will make it difficult to diagnose
compilation errors.

1-5-2. Save the file.

1-6. Find return 0.

You are finding return 0 to add a breakpoint here. With the Linux versions
of the lab, when the profiling is complete, the debug session will end and
the newly acquired profile data will be discarded. The breakpoint is to keep
the debug session active so that the profile information can be inspected.

1-6-1. Using the technique you used previously, find the text "return 0".

Note: This is the final statement in the main() function.
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1-7. Add a breakpoint at the current line.

1-7-1. Right-click the left margin in the editor at the line at which to insert a breakpoint.
1-7-2. Select Add Breakpoint or Toggle Breakpoint.

If you select Add Breakpoint, then the Breakpoint Properties dialog box opens. Here you
can specify the details for this breakpoint if necessary to create a conditional breakpoint.

If you select Toggle Breakpoint, then a simple breakpoint will be created (or removed if
one already existed) on the line you specified using default breakpoint properties.

 Right-Click

Toggle Breakpoint Ctrl+Shift+B
Add Breakpoint... Ctrl+Double Click
Add Dynamic pfi".--‘ ~= Properties for C/C++ Line Breakpoint o S
Disable Breakpoint®, as®
pe filter test - -
Breakpoint Properties... _ Commen M
. C
Breakpoint Types Sommon Class: C/C++ Line Breakpoint
cope
Build Selected File(s) Type:
Clean Selected File(s) Eile:
Go to Annotation Line number.
/| Enabled
Add Bookmark... e
Add Task.. Condition:
Ignore count: 0
¥ Show Quick Diff
v Show Line Numbers
Folding
Preferences...
':?3' [ OK ] [ Cancel

Figure 11-9: Adding a Simple or Conditional Breakpoint

1-7-3. Click OK to create the breakpoint if Add Breakpoint is selected.

Note: This breakpoint is added to ensure that the profiling results are not automatically
cleared when the program completes execution.
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A Debug configuration defines how you want the system to work when
performing a debug operation. Typically a debug operation switches to the
Debug perspective. While there are a significant number of switches and options,
the most common are shown below.

1-8. Set the build configuration to Debug.

1-8-1. Right-click the project name in the Project Explorer pane to open the context menu (1).

1-8-2. Select Build Configurations to view the options for building the different types of
configurations (2).

1-8-3. Select Set Active to see the available configurations (3).
1-8-4. Select Debug to build the desired configuration (4).

[ Project Explorer i o SRS | ¥ Y= 0 %
~— New 3 % SDx Project Settings
> |k
. Go Into
3 General
- Open in New Window i
Project name:
3 Delete Delete Project type:
EUICE g Platform: E]
Move...
Runtime:
fu
& | Import System cenfiguration: I
by Export.
CPU: A3 0
Build Project
0%
Clean Project
& Refresh F5 HW functions
Close Project
Close Unrelated Proj Name e lock Frequency (M o
Build Configurations 3 w r v 1Debug I
Run As 5 Manage... 2 Release
Debug As 3 Build All
Team » Clean All
Compare With » Build Selected...
Restore from Local History...
C/C++ Build Settings

how in Reports View

Figure 11-10: Selecting the Debug Build Configuration (Example)

1-8-5. Right-click the project name and select Build Project.
This will take a minute or two to complete building the project.

Note: This is to recompile the newly modified source code. It will be recompiled with the
SDDebug configuration for the SDSoC tool or Debug for the SDK tool and should take
approximately two minutes.

Standalone users: You can skip to the "Configuring the SDK Tool for Standalone” step.

Linux users: In the SDSoC tool, once any configuration has been run (with the default
Build SD Card image option on), then the tools build an SD card image that is located
under <project name> > [SDDebug | SDRelease].
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Linux requires the board to already have been booted with Linux; otherwise the debug
session will fail. There are three solutions to this issue. First, the project can be built as
above and the SD card can be prepared. Second, you can allow the debug session to fail
and then prepare the SD card, reboot the board, and relaunch the debug session. Third,
you can have a generic Linux image already running on the board.

As the project has just been compiled and there is a generated Linux image ready to be
copied to an SD card, this will be used to configure Linux on the development board so
that the debug session will not fail on the first try.

For the SDK Linux project, there is no automatically generated Linux SD card image. This
has been provided as part of the lab material.

Configuring the SDK Tool for Linux Step 2

Several tasks must be performed in order to successfully run Linux. These tasks
may have been performed for you by your training provider in a classroom
environment. If you are outside of this environment, you can refer to the
following topics in the Lab Setup Guide:

o Configure the jumper settings on the board to boot from the SD card.
o Set the host's Ethernet address to a static IP (suggested: 192.168.1.11).
o Identify the proper COM port (must be done with the board powered on).

Note: If you have a preconfigured SD card available as part of the lab, the
following Preparing an SD card instruction is optional. If you do not have a
preconfigured SD card, it may be necessary to build the project and generate an
SD card image (if using the SDSoC development environment) or copy from the
default directory as shown below.

Linux must boot from a properly configured SD card. Many tools generate the
necessary file images for Linux, FreeRTOS, and standalone that can be simply
copied from a specified location on the host machine to the SD card.

2-1. Prepare an SD card.

2-1-1. Insert an SD card into the PC's SD card slot.
2-1-2. Browse to the SD card drive using Windows Explorer.

Optional: You may want to erase or reformat the SD card at this time, which may
prevent any unwanted interaction with other files that may be on the card.

2-1-3. Open a second Windows Explorer window to browse to the files that you will copy to the
SD card.
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2-1-4. Browse to the image located at C:\training\SDK_Profiling\support\Standard_[ZC702 |
Zedboard]_SDCard_Linux_Image.zip.

2-1-5. Drag-and-drop all the files from the source directory to the SD card.
Note: The files should go into the root of the SD card.

2-1-6. Close both Windows Explorer windows.
2-1-7. Remove the SD card from the PC card slot.
2-1-8. Turn off power to the hardware platform.

Note: The boot selection switches or jumpers must be properly set to boot from the SD
card. See the appropriate section in the Lab Setup Guide.

Insert the SD card into its slot on the hardware platform.

2-2. Apply power to (turn on) the ZC702 or ZedBoard hardware platform.

2-2-1. Make sure that AC power is connected to the power brick.
2-2-2. Slide the power switch to the on position.

Some LEDs on the board will illuminate when the board is powered.

2-3. Launch and configure your serial port terminal emulator.

The Terminal tab can be used for the ZC702 board; however, there is an
issue with drivers when information is sent to a ZedBoard. Tera Term is a
freeware serial port terminal emulator that has been tested successfully with
the target boards.

2-3-1. Identify the COM port associated with your board.
If you are unfamiliar with this process, refer to the Lab Setup Guide.

2-3-2. Set the serial port connection within the serial port terminal emulator to 115200 baud, 8
data bits, No parity, 1 stop bit.

If you are unfamiliar with how to use Tera Term, refer to the Lab Setup Guide.

If you are unfamiliar with how to use the Terminal tab, refer to the Lab Reference Guide
under either SDSoC or SDK Tool Operations > Configuring the Terminal.
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Now that the board is powered on and Linux has finished its boot process, the
Linux environment must be configured by using the serial port emulator terminal.

Note: You may have to wait for a few minutes for Linux to boot.

2-4. Log in to Linux.

2-4-1. Log in with the user name and password of root / root when prompted in the serial port
terminal.

2-5. Set the IP address of the board.

2-5-1. Enter the following at the Linux command prompt to change the IP address of the board
to 192.168.1.10:

ifconfig eth0 192.168.1.10
Note: This can be any address other than the one that the host is configured to.

Optional: You can verify the IP address by entering the following command:

ifconfig ethO

The response should be similar to the following:
ethO Link encap:Ethernet HWaddr 00:0A:35:00:01:22

inet addr:192.168.1.10 Bcast:192.168.1.255
Mask:255.255.255.0

inet6 addr: fe80::20a:35ff:fe00:122/64 Scope:Link
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1
RX packets:23 errors:0 dropped:0 overruns:0 frame:0
TX packets:9 errors:0 dropped:0 overruns:0 carrier:0
collisions:0 txqueuelen:1000

RX bytes:2913 (2.8 KiB) TX bytes:1446 (1.4 KiB)
Interrupt:54 Base address:0xb000
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2-6. Verify the Ethernet connectivity between the host and the development
board.

This will also indirectly verify that the host PC Ethernet port is set to an IP
address of 192.168.1.11.

2-6-1. Ping the host using the Linux terminal console to verify connectivity between the host
and the target:
ping 192.168.1.11 —c 1

If the ping was successful (indicated by a 0% packet loss with roundtrip times), you can
continue to the next section.

If it was not successful, there are several possibilities:

o The host IP address is not set properly.
= See instructions for configuring the host's IP address in the Lab Setup Guide.
o The Ethernet cable may not be properly connected.

= Unplug and replug the cable on both ends; verify that the Ethernet LEDs are
flickering (if available).

o The Windows firewall is blocking the connection. Follow the procedure below to
disable the Windows firewall.

= Access the Windows Firewall controls through the Control Panel (select Start >
Control Panel > System and Security > Windows Firewall).

* From the options in the left sidebar, select Turn Windows Firewall on or off.
» Select the Turn off Windows Firewall option for both network location settings.
o The sub-net address for either the board or host may not be entered correctly.

» If you need to configure your PC's Ethernet port, refer to "Configuring the PC's
Ethernet Port for Remote System Explorer" section under SDK Operations > Linux
and Remote System Explorer in the Lab Reference Guide.
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Configuring the SDK Tool for Standalone Step 3

A couple of tasks must be performed in order to successfully run Standalone.
These tasks may have been performed for you by your training provider in a
classroom environment. If you are outside of this environment, refer to the
following topics in the Lab Setup Guide:

o Configure the jumper settings on the board to boot from JTAG.
o Connect and power up the board.

o Identify the proper COM port (must be done with the board powered on).

3-1. Apply power to (turn on) the ZC702 or ZedBoard hardware platform.

3-1-1. Make sure that AC power is connected to the power brick.
3-1-2. Slide the power switch to the on position.

Some LEDs on the board will iluminate when the board is powered.

3-1-3. Connect the JTAG and UART cable from the host PC to the laptop.

3-2. Launch and configure Tera Term (or equivalent serial port terminal
emulator). The SDx tool Terminal tab can be used for the ZC702 board;
however, there is an issue with drivers when information is sent to a
ZedBoard.

3-2-1. Identify the COM port.
If you are unfamiliar with this process, refer to the Lab Setup Guide.
3-2-2. Set the serial port connection to 115200 8N1.
If you are unfamiliar with how to use Tera Term, refer to the Lab Setup Guide.

Now that the board is powered on, it is ready to be programmed.
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Running the Default Profile Step 4

For Standalone users, proceed with the instruction below. For Linux users, skip to
instructions below that begin with "For Linux users, proceed with the instructions
below."

A Debug configuration defines how you want the system to work when
performing a debug operation and maps an ELF object file to a target for
execution. Typically, a debug operation switches to the Debug perspective. While
there are a significant number of switches and options, the most common are
shown below.

4-1. Set up a debug configuration for a specific application project.
4-1-1. Right-click the application project that you want to build the Debug configuration for
from the Project Explorer pane (1).

4-1-2. Select Debug As to open the menu of predefined configurations and the configuration
manager (2).

4-1-3. Select Debug Configurations to view all the available debug options (3).

L) Project Explorer £ = 0| g systemaml B system.mss 1€ "esp_exerciser_main.c 2
= [aii SR - e - -o -
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Open in New Window
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Figure 11-11: Creating a Debug Configuration

The Debug Configurations dialog box opens.
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4-1-4. Select Xilinx C/C+ + application (System Debugger) since you will be debugging this
type of system (1).

GDB still works; however, it is considered deprecated for new designs.

4-1-5. Click the Create New Configuration icon to create the new configuration for your
application (2).

Debug Configurations &J

Create, manage, and run configurations @
@ = Configure launch settings from this dialog:

A - Press the 'New’ button to creat..nfiguration of the selected type.

.
»  EdPerformance Analysis - Press the 'Duplicate’ button to copy the selected configuration.

[ Target Communication Framework ) .
- Press the 'Delete’ button to remove the selected configuration.

-

-

5

:_ £ Xilink C/C++ application (GDB)

*, % Xilinx C/C++ application (System Debugg@wu) 3 - Press the ‘Filter’ button to configure filtering options.
e

G}, Xilinx C/C++ application (System Debugg

- Edit or view an existing configuration by selecting it.

Configure launch perspective settings from the 'Perspectives’
preference page.

Filter matched 5 of 15 items

&
Q@

Figure 11-12: Creating a New Debug Configuration

A new Debug Configuration is created. The previous figure depicts an SDK workspace
that does not yet have any debug or run configurations defined. If other configurations
did exist, or after the creation of a first configuration, the new configuration will appear
under the type of configuration.

Note the default configuration name and other parameters that are automatically filled
in. In most cases, you just need to click the Debug button to begin the session. This
Debug Configuration menu is useful when you want to later change debug parameters.

The new configuration will appear with other existing configurations and have the name
of your application. You will also note that a number of fields are automatically filled in
for you using the name of your application as the basis (that is, if your application is
named "XYZ", then the Name field will be populated with XYZ Debug, and the C/C++
Application field will be populated with Debug\XYZ.elf).

4-1-6. Click Debug to close the window and launch the debugging session (3).
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If the Confirm Perspective Switch dialog box appears, click Yes.

@ Confirm Perspective Switch &J

|@| This kind of launch is associated with the Debug perspective,
= This Debug perspective is designed to support application debugging, It
incorporates wiews for displaying the debug stack, wariables and breakpoint

management.

Do youwant to open this perspective now?

Rernember my decision

Figure 11-13: Confirming Switch of Perspective

4-1-7. The Debug Perspective view opens.
For Linux users, proceed with the instructions below.

Run and Debug configurations are application project objects that contain
communication, hardware, and execution options for running an application on a
hardware or emulation platform. The selections for Run and Debug are identical
and only differ in that Run just executes the application and Debug opens a
debug perspective and launches a debug program.

There are different types of Run and Debug configurations based on the
operating system (or Standalone libraries) and the SDK download/debug tools
that you want to use. Multiple configurations can be defined for any project. This
facilitates enhanced development and debugging.

4-2. Create a new Linux Debug configuration. Debug and Run configurations
associate an ELF object file to a target (typically a hardware board) for
execution. In this case, the target is a hardware board accessed over the
Ethernet TCP/IP connection.

4-2-1. Click the C/C++ tab in the upper-right corner of the GUI to return to the C/C++
perspective.

]

H‘l-_-l-'_--ﬂ

5= Qutline 52

Figure 11-14: Changing Perspective

This brings back access to the software projects. It is accessed by first clicking the >> in
the same location. If this tab is not available, you can also return to the perspective by
selecting Window > Open Perspective > Other > C/C+ + (default).
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4-2-2. Right-click profLab in the Project Explorer window (1).
4-2-3. Select Debug As (2) > Debug Configurations (3).

[ Project Explor, o \,

> T ! Yiew 3
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4 Openin Mew Windaw

( \”M%Nﬁ J\. e

A
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Restare from Local Histary... ‘ é 5 Remote ARM Linux Application

Wl Change Referenced BSP \‘\ A 6 Start Performance Analysi
C/C++ Build Settings ~)~ Debug Configurations...

‘%" Run C/C++ Code Analysis

W

Figure 11-15: Selecting Debug Configurations

The Debug Configurations dialog box opens.

4-2-4. Double-click Xilinx C/C++ application (System Debugger) to create a launch
configuration (1).

Alternatively, you can select Xilinx C/C++ application (System Debugger) and click the
New configuration button.

If this is the first debug configuration being created for the project, a welcome type
dialog opens. If one or more configurations exist, then the last open configuration will be
displayed. In either case, a new configuration can always be added. Existing
configurations are shown in the left pane and can be selected for debugging.

N Debug Configurations

Create, manage, and run cenfigurations

Run or Debug a program using System Debugger.

Alternatively Click
= the NewlIcon Configure launch settings from this dialog:

type filter text - Press the "Mew’ button to create a configuration of the selected type,

EA Performance Analysis -=| - Press the 'Duplicate’ button ta copy the selected configuration.
r Target Communication Framewark
£ Hiling C/C++ application {(GDB)

173

X - Press the 'Delete’ button to remove the selected configuration.

-+l

£ ilinyg C/Ce+ application (Svstern Debugger on OEMU) "5 - Press the 'Filter’ button to configure filtering options.
‘ 3:‘? Kilinx C/C++ application (System Debugger) t_l) B

Edit or view an exsting configuration by selecting it.

Configure launch perspective settings from the ‘Perspectives’ preference
Double-Click to Create a page.

New Configuration

Filter matched 5 of 15 items

Figure 11-16: Creating a New System Run/Debug Configuration

262 www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
© Copyright 2016 Xilinx



Lab Workbook

Lab 11: SDK Tool Profiling

4-3.

4-3-1.

4-3-2.

4-3-3.
4-3-4.

4-3-5.

4-3-6.

Configure the debug type and host connection.
Select Linux Application Debug from the Debug Type drop-down list (2).
This will engage the proper debug tool to use.

Click New next to the Connection drop-down list to launch the Target Connection
Details dialog box (3).

A new connection will be defined from the debugger to the hardware (or emulator)
target.

Enter ZynqBoard in the Target Name field as the name of the connection (4).
Enter 192.168.1.10 in the Host field (5).

This is the IP address of the RSE connection that was set up earlier.
Enter 1534 in the the Port field (5).

This is the default TCP/IP port number for the connection.

Click OK (6).

m Debug Configurations 2

Create, ge, and run confi tions

9

Run or Debug a program using System Debugger.

SEEIEES

type filter text

Mame: Hello_LinuxDebug
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Connection: |Local k- - - ‘

B3 Performance Analysis
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L Xiling C/C++ application (GDB)

%; Kilinee C/C++ application {System Debugger on QEMU)
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et .
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# L
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Figure 11-17: Selecting the Debug Type and Connection
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4-4.

Select the software application ELF file to debug and its file path on the
remote target board where it is to be copied.

The actual software application debugging takes place on the Linux
platform running on the target hardware, so it is necessary to put a copy of
the ELF file on it.

4-4-1. Select the Application tab (1).
This is where the software application is selected and allows configuration of where the
application is placed in the remote file system.
4-4-2. Click Browse next to the Local File Path field to select the software application ELF file
(2).
4-4-3. Navigate to and select the file C:\training\SDK_Profiling\lab\profLab\Debug\
proflLab.elf (3).
4-4-4. Enter /tmp/profLab.elf in the Remote File Path field as the location on the target
platform where the application ELF file will be copied (4).
Filter matehed f of 16 #ems A Y -
A
2 O =
Figure 11-18: Selecting the Local File Path and Remote File Path
The remaining options will be accepted at their default values.
4-4-5. Click Debug (5).
4-4-6. Click Yes to confirm opening the Debug perspective view.
B Confirm Perspective Switch =5
e
Figure 11-19: Confirming Perspective Switch
The Debug perspective opens.
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4-5. Optional for Linux: Highlight the process for debug.

Sometimes the process for debugging is not highlighted in the Debug view
and the flow controls such as pause, resume, single step, etc. will be grayed
out. Follow the procedure below to enable the controls.

4-5-1. Click the down arrow in the Debug view, if it is not already expanded, to expand the
top-level debug session (1).

4-5-2. Click the down arrow, if it is not already expanded, to expand the next level showing the
binary that is being executed (2).

Note: The location of the process on the remote device (/tmp/profLab.elf) is also
visible.

4-5-3. Click the process that is currently suspended (3).

Note: This will tell the Debug tools which remote application/process to debug and
enable the flow control tools.

ab_design.elf en Local (Linux Agent)

2 _design.elf] main(): 5D5cC_lab_design_main.c, line 68
= Oxb6bd5d00 [libc-2.21.50] _libe_start_main()

Figure 11-20: Highlighting the Debug Session Application

Tip: In the figure above and below, P1024 is the process ID (PID) of the application
running under Linux; your PID may be different. Issuing the ps command through the
terminal will show all of the system processes that are currently running. There will be a
listing with the same PID that matches the number of your suspended application.

& Console =] Tasks [E SDx Terminal 52 |2 Problems () Executables

Connected to: Serial ( COM4, 115200, 0, 8

ME COMMAND

lroot  0:01init

2root  0:00 [kthreadd]
3root  0:00 [ksoftirgd/0]
Sroot  0:00 [kworker/0:0H]

CPRRBTL ) P et s, g G

a4 root whdd [revorker/0dRH,
940 root  0:00 Jusr/sbin/inetd
968 root (00 udhcpc -R -b -p /var/run/udhcpc.ethl.pid -i ethd

977 root  0:00 [ipvb_addrconf]

978 root  0:00 Jusr/shin/dropbear -r /etc/dropbear/dropbear_rsa_host_key
993 root  0:00 /usr/shin/tcf-agent -d -L- -10

0.00 hindeh

0:00 /tmp/5D50C_lab_design.elf

Figure 11-21: Linux Terminal — ps Command
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You will now set up and run profiling for the project.

4-6.

4-6-1.

Open the TCF Profiler to view where the processor is spending time in the

code.

Select Window (1) > Show View (2) > Other (3).

>

@ Window | Help

=@ -8 - 5l - '

- g New Window
Mew Edit S
Ew Eater |1'=€> T = 8 ||e= varia
Hide Toolbar
MName
Open Perspective 3 (9= i
% »
O . .
R . ‘e Breakpoints Alt+Shift+Q, B )
Save Perspective As... = Cutule i Shn"‘? ¢
- ,.N \-—J.“
T . A8 Terminal )
, then initialize it. 4
CE_TD); B Trace Control "
9= Variables Alt+Shift+Q, V "

(3 ! Other... } Alt+Shift+Q, Q #

e _ im___naa

Figure 11-22: Viewing Hotspots

The Show View dialog

box opens.

4-6-2. Expand Debug and select TCF Profiler.

( E Show View [ 5 éj

type filter text

> |= General
> = Ant
> = CfC++
> [= Charts

©g Breakpoints ‘.
35 Debug .
..... .

.

[ Display .
D Executables :
& Expressions -
@ Memory .
=i Modules :
g 05 Resources o
4 Registers .
= oo 0
iy TCF Trace
B Trace Control
(%)= Variables

»

m

oK

Cancel

Figure 11-23: Selecting TCF Profiler

4-6-3. Click OK.

This opens the TCF Profiler view in the SDK tool.
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4-6-4. Click Start in the TCF Profiler view in the tool on the right side.

0= Outline | & TCF Profiler 53 = B
Idle. Press 'Start’ button to start profiling

Address % Exclusive I'3“’=»Ir1clus1i1.rna Function
Start lcon

Figure 11-24: Starting the TCF Profiler

4-6-5. Select Aggregate per function in the Profiler Configuration dialog box.
4-6-6. Select the Enable stack tracing option if it is not selected.

The update rate refers to how often the information on the screen is updated. The
default setting is four seconds.

The Enable stack tracing and Max stack frames count options are useful for debugging
stack overflows.

?_ Profiler Configuration il

[v Aggregate per function
(Iv Enable stack tracing 3

Max stack frames count: | 8

View update interval (msec):{] 1000

0K I Cancel |

Figure 11-25: Selecting the Profiler Configuration

4-6-7. Click OK to accept these settings and arm the profiler.
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4-7.

Run the software application.

4-7-1. Click the Resume icon to run the program.

s
B Debug - sdkProfile/src/profiling_sample.c - Xilinx SDK

File Edit Source Refactor Mavigate Search Project Xilinx Tools Run  Window Help

= 0xB0000894 main(): ./src/profiling_sample.c, line125
0x80000324 _crtinit()
0x80000024 _startl()

Figure 11-26: Resuming the Program

9 - GeuaEEE »  NF 2|k E) =
%5 Debug 22
4 % System Debugger on Local sdkProfile.elf (Local)
a2
4 5% Debug Module at USER2
4 g% Ml » (Breakpoint: main)

The program will stop at the previously enabled breakpoint in the main function.

4-7-2. Select the TCF Profiler window.
Note: You can drag this tab to the main view or resize the current pane to see the
contents more clearly.
8= Qutline (& TCF Profiler 53 2 ® = 8
Profiler running. 938 samples
Address % Excl... %II"\‘dU... Functicn File Line
00101da8 000 {007 start
00100554 000 [f00™ main SDSoC_lab_design_mainc 63
00100bb4 .82 [B387]  sobelfiter edge_detect.c 76
001009c4 .5 @ scbel_operator edge_detect.c 34
0010130 |3.5 @ sharpen_filter sharpen.c 63
ooto1068 B3 (LK window_getval edge_detect.c 200
001011f8 El.]. EF 3 sharpen_operator sharpen.c 34
0010068 ﬁjl ﬁ 31 window_shift_right edge_detect.c 177
001016c0 $.82 ﬁﬂz window_shift_right sharpen.c 165
0010170 IFII nill window_getval sharpen.c 188
001010bc 287 287 rgb_2_gray rgb_2_gray.c 6
00100=d3 223 223 linebuffer_getval edge_detect.c 155
0010176¢c 2.23 223 window_insert sharpen.c 180
00100e44 2.02 202 linebuffer_shift_up edge_detect.c 143
0010158 202 202 linebuffer_shift_up sharpen.c 131
00101014 1.59 1.59 window_insert edge_detect.c 192
00101630 1.06 1.06 linebuffer_getval sharpen.c 143
00100f2c .959 959 linebuffer_insert_bottom edge_detect.c 167
0010074c J46 146 dummiyfill 5D50C_lab_design_main.c 134
00101684 426 426 linebuffer_insert_bottom sharpen.c 155
Called From
Figure 11-27: Profiling Sample Results
Note: You may see slightly different values due to the sampling.
Address is the location of the function in the Disassembly view (i.e., its location in
memory).
% Exclusive is the percentage of samples encountered by the profiler for that function
only (does not take into consideration samples of child functions). This can also be seen
as the exclusive percentage for that particular function. This parameter can be of help in
identifying performance bottlenecks.
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% Inclusive is the percentage of samples of a function, including samples collected

during execution of child functions.
Function is the function being sampled.

File is the file containing the function definition.

Line is the line where the function is defined in the said file.

4-7-3. Click the function name sobel_filter in the TCF Profiler window.

[6] edge_detect.c 52 ¥ = B Bz Outline & TCFProfiler 5
else if (edge weight < 1ee) ] - Profiler running. 938 samples
68 edge_weight = o; B c
69 edge_val = (unsigned char) edge weight; " [ddree x| IRy [Function
7 cturn edes vals 1 00101da8 000 _start
; return edge_val; FPTTLLLLELLE T -, 00100524 000 nain
. .
Rt 3 teea,, 0100504 82 sobel_fitter
lain function for Sehel Filtering i* F " BoLa0R et u wm e Sobel_operator
//This function includes a line buffer for a streaming implementation omozee 62 sharpen fiter
void sobel_filter(uints_t input[2073600], uintd_t output[2073600]) { r ouoloss  [fB3 B3 window_getval
int rows - 1 coronirs i1 b3 sharpen_operator
int col; 3 oLoofes  [B31 [ 8 window_shift_right
int index = &; J 0101600 682 [ba2 window_shift_right
14 |4
Linebuffer_t buff_a; - Caled from
window_t buff_C; 3 GEE 638 main
for (row = 8; row < NUMROWS + 1; rowt+) { 1
for (col = 8; cel < NUMCOLS + 1; col++) { P
#pragma AP PIPELINE II =1 -
/7 Temp values are used te reduce the number of memory reads g m
unsigned short input_data = B8; T sobel_of
: L_operator
unsigned char temp = 8; :
unsigned char tempx - B; 1’ 00100768 X3 window_shift_right
P 00100ed8 223 linebuffer_getval
-';—;—nelﬁufﬁ’ fil'i . 00100e44 202 linebuffer_shift_up
i col < NUMCOLS N -
159
linebuffer_shift_up(buff_A, col); L4 981920“ o ?"'”f”f‘f—'““

«

Figure 11-28: Viewing the Sobel Filter from the Profiler

m

File

SDSoC_lab_design_main.c
edge_detect.c
edge_detect.c

sharpen.c

edge_detect.c

sharpen.c

edge_detect.c

sharpen.c

5DSoC_lab_design_main.c

edge_detect.c
edge_detect.c
edge_detect.c
edge_detect.c
edge_detect.c

This will open the edge_detect.c file in the editor and the selected function will be

highlighted.

E)

1
155
143
192

Selecting the function in the TCF Profiler can also show where it is called from and who

its child calls are.

Question 1

What are the child functions of main?

Question 2

What are the parent and child functions of sobel_operator?

© Copyright 2016 Xilinx
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Question 3

How many times are x_weight and y_weight calculated every time sobel_operator is called?

Question 4

How many times will sobel_operator be called for the image of size 1920 * 1080?

Question 5

How many times will x_weight and y_weight be calculated for each image passed through
sobel_filter? Hint: Review the answers to the previous two questions.

Question 6

What does the program main() do?

Question 7

What are the % Exclusive values for the functions sobel_filter(), sharpen_filter(), and rgb_2_gray()?
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Analyzing the TCF Data Step 5

Using the results from the TCF Profiler, you will analyze the function's exclusive
and inclusive values, determine which uses the most execution time, and trace
the program hierarchy.

The following diagram provides a visual representation of exclusive and inclusive.

funAf) funa()
start finish
|
funA funB funC funB funA
>

Execution Time

Figure 11-29: Exclusive vs Inclusive Pipelined

Exclusive: The amount of execution time spent in funA alone. Referencing the
above diagram, the exclusive time for funA is represented by the combined
execution time of the funA blocks only.

Inclusive: The amount of execution time spent in funA and all of its sub-function
calls. From the diagram, this is the exclusive time of funA combined with the
hatched area during which time funB and funC are executing.

5-1. View the sample results.

5-1-1. Open the TCF Profiler viewer with your profile results.

57 Outline | & TCF Profiler 33 & @ = 0
Profiler running. 938 samples

Address % Excl... %In‘clu.” Function File Line
00101da8 000 _start

00100524 000 main SDSoC_lab_design_main.c 63
00100bb4 682 sobel filter edge_detect.c 76
01009c4 B35 sobel_operator edge_detect.c E!
0010130¢ I3.62 sharpen _filter sharpen.c 63
ooto1068  [1B3 [k window_getval edge_detect.c 200
ootonis i1 53 sharpen_operatar sharpen.c 4
ootoofss B3t b window_shift_right edge_detect.c 177
01016c0 682 a2 window_shift_right sharpen.c 165
oo1017c0 b1 a1 window_getval sharpen.c 188
001010bc 287 287 rgb_2_gray rgb_2_gray.c 6
00100ed8 223 223 linebuffer_getval edge_detect.c 155
0010176 223 223 window_insert sharpen.c 180
00100e44 202 202 linebuffer_shift_up edge_detect.c 143
0010159¢ 202 202 linebuffer_shift_up sharpen.c 131
00101014 159 159 window_insert edge_detect.c 192
00101630 106 1.06 linebuffer_getval sharpen.c 142
0010072¢ 959 959 linebuffer_insert_bottom edge_detect.c 167
0010074 46 T46 dummiyfill SDSoC_lab_design_main.c 134
00101684 426 426 linebuffer_insert_bottom sharpen.c 155

Called From

Figure 11-30: Profiling Sample Results
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Note: The values in the figure below came from a separate run of the TCF Profiler than
those in the screenshot above. As the Profiling results are probabilistic, variation in
results between runs is expected. Your results will not exactly match those provided in

the figure and diagram.

[ linebuffer_insert_bottom

—,
,/ 1 main
i, 100%
L e e e e e e e e
v v v
T
,'/ 5 sharpen_filter sobel_filter
! 40.5% inclusive 54.5% inclusive
-:-:-:-:-:-:-:-:-:-:‘;-:-:-:-:-:-:-:-:-:-1-:1:-1;1:;I;t;|
— "ﬁbg{’;;;’f ! sobel_filter
{ 3 93 IE;S.% sobel_operator e6.53%
\ = 35.0% inclusive
8828583855283 21.1% exclushve

el695%

window_insert
el 955

,/ 4 | windows_getval
\ el 8% L

| linebuffer_shift_up
«1.98

linebuffer_getval
el.56%
window_shift_right
el 16%

iclusive = (i_child )+ e _ own

i_child: the inclusive % of a child function
e_owr: the exclusive % of this function
when the exclusive % = inclusive %
then the function is leaf node (does not call any
other functions)

Figure 11-31: Visual Analysis of TCF Profiler

In the figure above a detailed hierarchy of the function sobel_ filter is shown. Focusing on
the sobel filter hierarchy, note that there are four levels of function calls. The root
function is main, which runs from level 1. As all other functions are called from main,
main takes up 100% of the inclusive execution time, yet ~ 0% of the exclusive execution
time. The function main calls sobel_filter, sharpen_filter, and rgb_2_gray, all level 2
functions, which take up 54.9%, 40.9%, and 3.88% of the execution time, respectively.

For this illustration, you are focusing on the sobel_ filter function. The exclusive value is
reported to be 6.53%. Referring to the diagram above, this means that sobel_filter calls
several level 3 functions that take up (54.9% - 6.53%) = 48.37% of the execution time. All
of the level 3 functions besides sobel_operator are leaf nodes (their exclusive value equals
their inclusive value) and they make no calls to any other functions.

sobel_operator is a level three function that takes up 35.0% of the execution time
inclusive and 21.2% exclusive. (35.0 - 21.2) = 14.8% of the execution time accounted for
by sobel_operator are from level 4 functions.

Note: The equation provided in the above diagram may be of interest when you are
working out the inclusive value of any given function. It is a recursive equation where the
base case occurs at the leaf nodes.
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Note: All exclusive percentages are out of the total 100% regardless of the level of the
function. For example, windows_getval is reported to have an exclusive % of 6.97. This is
6.97% of 100% from main and not 6.97% of the 35.0% from its parent function
sobel_operator.

Note: Due to sampling differences and binning errors, there may be some deviance in
the numbers.

Based on the above diagram, drawn from the TCF Profiler results, it can be seen that the
level 3 function sobel_operator takes up 21.2% of the execution time. Also the functions
windows_getval and window_shift_right take up ~15% and ~7% each. Combined, this is
~43% of the total execution time of the system.

As the function sobel_filter is concerned only with edge detection, and three components
of this image process take up ~43% of the execution time, these functions make good
candidates to analyze for acceleration.
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5-2. Analyze the sharpen_filter hierarchy.

The purpose of this instruction is for you to inspect the sharpen_filter
function, fill out the diagram below and answer some questions on the
information collected. The TCF Profiler results provides all of the required
information to be able to fill out the diagram below.

You can reference the diagram for the sobel_operator above for a template
on how to fill out the values. The inclusive and exclusive values for the
sharpen filter have been provided as a starting point.

Question 8

Fill out the hierarchy diagram below.

e Insert all of the function names.

Tip: Do not get caught up matching exclusive % values to block sizes.

o Insert the exclusive percentages for all functions by filling in the e % fields underneath
the function names filled in from the previous task.

e Insert the inclusive percentage for sobel_operator.

sharpen_filter 40.9% inclusive

¥ v
sharpen_filter
sharpen_operator % inclusive €6.05%
g % exclusive
: T
%
— e %
e %
e %
e %

Figure 11-32: Sharpen Filter Exercise

Question 9

What function is the next largest consumer of the exclusive execution time?
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Question 10

What is the difference between exclusive and inclusive?

Question 11

Why do all of the inclusive values shown in your results add up to more than 100% and all of the
exclusive values add up to 100%?

Question 12

Why are there not any MACROs shown in the TCF Profiler results? (MACROs are used frequently
in this project.)

Question 13

Why are the exclusive and inclusive values of the function rgb_2_gray equal?

Summary

You profiled several software algorithms and performed a more detailed analysis of one of these
that may be a candidate for hardware implementation.
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Answers

Answers listed represent sample solutions only. Your results may differ depending on the
version of the software, service pack, or operating system that you are using.

1. What are the child functions of main?

sobel_filter, sharpen_filter, rgb_2_gray, xInkAllocBufInternal (if running Linux) and dummyfFill.

2. What are the parent and child functions of sobel_operator?

The parent is sobel_filter and the only child is window_getval.

3. How many times are x_weight and y_weight calculated every time sobel_operator is called?

Nine times. The WINDOW_HEIGHT and WINDOW_WIDTH are each 3 respectively, resulting
in3*3 =09,

4. How many times will sobel_operator be called for the image of size 1920 * 10807

sobel_operator will be called 1920 * 1080 times because it must perform its calculation for
each and every pixel in the image. This is 2,073,600 times that the function is called.

5. How many times will x_weight and y_weight be calculated for each image passed through
sobel_ filter? Hint: Review the answers to the previous two questions.

x_weight and y_weight are each calculated (2,073,600 * 9) = 18,662,400 times. Combined,
this is nearly 40 million operations that this function alone needs for an image of 1920 *
1080.

6. What does the program main() do?

It creates image buffers, then fills the color image with data, converts this to grayscale, and
performs a sharpen and edge detect on the grayscale image. This is a computationally taxing
sequence of processes, especially for large images.

7. What are the % Exclusive values for the functions sobel_filter(), sharpen_filter(), and
rgb2gray()? Note: Your values may differ.
e sobel filter() ~6.24%
e sharpen_filter() ~3.42%
e rgb2gray() ~3.42%

276 www.xilinx.com £ XILINX » ALL PROGRAMMABLE.
© Copyright 2016 Xilinx



Lab Workbook Lab 11: SDK Tool Profiling

8. Fill out the hierarchy diagram below. Note: Your values may differ.

sharpen_filter 40.9% inclusive

L sharpen_filter
eb.05%

13.4% exclusive

line buffer shift up
e2.33%

window getval

el.31% window _insert

el 64%

line buffer get wal
el.69%

lineg buffer insert bottom
e0.68%

window_shift right
e7.38%

Figure 11-33: Sharpen Filter Exercise - Completed

9. What function is the next largest consumer of the exclusive execution time?

sharpen_operator utilizes ~13 exclusive and ~ 21% inclusive.

10. What is the difference between exclusive and inclusive?

Exclusive only considers the execution time for a given function in its own level. Inclusive
considers the execution time of a function and all of its child function calls.

11. Why do all of the inclusive values shown in your results add up to more than 100% and all of
the exclusive values add up to 100%?

The exclusive values represent the actual time taken to run the function. As the execution
times of all functions in an application add up to the total execution time of an application,
this is 100%. The inclusive values take into account the time taken to run that function and
all child function calls. When the inclusive values are added together, the execution times of
lower level functions are added multiple times, resulting in a value that is greater than 100%.

12. Why are there not any MACROs shown in the TCF Profiler results? (MACROs are used
frequently in this project.)

MACRO:s are unrolled and inserted into the code by the preprocessor—meaning that
wherever a MACRO is called, its actual function is determined during preprocessing and
inserted into the code in place of the MACRO call. A function call, unless it is forced inline,
will be a separate call that the TCF profiler can analyze.

13. Why are the exclusive and inclusive values of the function rgb_2_gray equal?

This is a leaf node and calls no other functions.
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Lab 12: Writing a Device Driver

Zynq All Programmable SoC ZC702 or ZedBoard

2016.3

Abstract

This lab demonstrates how to create a skeleton driver framework and add a provided LCD
device driver to the BSP.

Objectives

After completing this lab, you will be able to:

o Create a device driver skeleton by using the Create and Package IP Wizard
e Edit the *mdd file to attach to a peripheral

e Write code to replace the driver for the axi_gpio peripheral

e Successfully include the device driver in the BSP

e Call the BSP services from a software application

Introduction

A device driver is a lower-level service that typically interfaces the software application with a
specific piece of hardware. Device drivers can either be part of your software application project
or part of the board support package (BSP). When it is part of your application project, the
source code for the drivers must always be present, compiled, and linked with your application.
If the driver is used often and is stable, a better alternative is to make it a service of the BSP. This
makes it easier to distribute and the programmer does not have to be concerned with keeping
track of it in the application project.

All Xilinx-provided peripherals have device drivers that are included in the BSP when they are
used. When a custom peripheral is created via the Create and Package IP Wizard, a skeleton
software driver for BSP inclusion is provided, along with a hardware skeleton.

Because this lab is a software exercise and there is limited time, you will not be able to build a
custom piece of hardware and a software driver for it. Instead, you will create a custom driver for
the axi_gpio bus peripheral. The process will illustrate the ability of SDK to support multiple
software drivers for any given hardware peripheral.

The hardware platform in this class uses an axi_gpio peripheral as a controller for the LCD
display on the Zynq® All Programmable SoC ZC702 or Zed board. The timer software
application project in the "Application Development" lab includes a low-level driver for the LCD
display.
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The structure of the device driver environment is sensitive to directory/file names and locations.
Generating *mdd and *.tcl definition files will be necessary. To make the task easier, you will use
the Create and Package IP Wizard in the Vivado® Design Suite to generate dummy hardware
peripheral and device driver skeletons. You will ignore the hardware portion and build on the
software structure that the wizard generates.

General Flow

Step 1: Step 2: Step 3:
Creating a =\ Agldlng the =\ Creating
Skeleton 7| Drivertothe | —~ | anSDK
Device Driver BSP Application
Creating a Skeleton Device Driver Step 1

The first step of this lab will be to create an LCD dummy peripheral using the
Create and Package IP Wizard in the Vivado Design Suite to generate the
skeleton structure of the device driver.

There are a number of ways to launch the Vivado Design Suite. The two most
popular mechanisms are shown here.

1-1. Launch the Vivado Design Suite.
This can be done in two standard ways, use your preferred method.
1-1-1. Select Start > All Programs > Xilinx Design Tools > Vivado 2016.3 > Vivado 2016.3.

@.llllllll...
L]
*
i

Xilinx Design Tools “2

i: Uninstall Xilinx Information CEnter
]

i: Kilinx Information Center [
DocNav -
SDE 201 o
Vivado 201 &
.7 Add Design Tools oplievices 201
i\:'_k_m Manage Xilinx Licanses
£ Uninstall 2015 o
BN Vivado 201 4 Shell
#%. Vivado 201
System Generator
Vivado HLS

Figure 12-1: Launching the Vivado Design Suite from the Start Menu

--OR --
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Double-click the Vivado Design Suite shortcut icon (f-\i'/) on the desktop.

The Vivado Design Suite opens to the Welcome window. From the Welcome window you
can create a new project, open an existing project, or enter Tcl commands directly into
the Vivado Design Suite as well as access documentation and examples.

» Vivado 201
Fle Flow Tools Window Help

=8 BR =5

Search commands

VIVADO!

Create a New Project,
HLx Editions

Open an Existing
(including Recent)
Projects or an
Example Project

R

Open Project Open Example Project
Manage IP, Open
Hardware Manager
and Xilinx Tcl Storect

N

Manage IP

Open Hardware Manager xilinx Tel Store

Documentation, Information Center

Quick Take Videos

W

Documentation and Tutorials Quick Take Videos Release Notes Guide

£ XILINX

ALL PROGRAMMABLE.

Recent Projects

Tel Console
Tcl Console

start_gui

& B4

2 _ O %

&

Type a Tel command here

Figure 12-2: Vivado Design Suite Welcome Screen
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With the Vivado Design Suite now open, you will load a helper Tcl script and run
it to configure the project and get you to the important part of this lab—working
with the processor.

The Vivado Design Suite offers both GUI and scripted control. Scripted control
takes the form of Tcl commands. These Tcl commands can be entered directly
into the tool one at a time, or an entire Tcl script can be loaded and executed.

1-2. Run a Tdl script.
1-2-1. Locate the Tcl command line entry.

The command line entry can be found either on the Welcome page prior to a project
being opened, or once a project has been opened.

From the Welcome screen:

£ Vivado S HEs

Fls Fow Tools Window Help Search commands

VIVADO! o s £ XILINX

=L [E A
8 )
Manage IP Open Hardware Manager | =
| Enter Tcl Commands Here
Tel Console N i I

— G

Type a Tel command here b)

Figure 12-3: Accessing the Tcl Console from the Getting Started Page

From an opened project:

G T e o Tt .t oo Voo 201358 e
File Edit Flow Tools Window Layout View Help Search commands
Ao BRER X ® P A SEXK LG [Sochutayut RN J write_bitstream Complete

Sl Gl AT G LG b < st

[ |

X Enter Tcl Commands Here
| < i | »
{

(=2 Td Console | © Messages | [« Log | |2 Reports | (% Design Runs

B et s s [ il P A e | L)

Figure 12-4: Entering Commands into the Tcl Console from an Open Project

The default directory for the Tcl environment is nested within the Xilinx installation
directory. This placement, however, is often disadvantageous. In most cases, you will
want to navigate to a more useful path. To do this, use the cd command to change
directory to the user directory.
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1-2-2. Change the current working directory to where the Tcl script is located by entering:

cd C:/training/deviceDriversCustom/support

Remember that the Tcl environment is based on Linux and requires the '/' character to
delimit hierarchical paths.

1-2-3. Verify that you are now where you want to be by entering the following into the Tcl
command line:

pwd

The current working directory is displayed. If you are not where you want to be, use the
cd command to changeto C: /training/deviceDriversCustom/support.

1-2-4. Enter the following Tcl command:

source deviceDriversCustom completer.tcl

The Tcl script is run as though you typed each command included in the Tcl script into
the Tcl command line. You can follow the execution of the script and monitor for any
errors or warnings in the Tcl Console.

With the Tcl script now loaded, you will run the createProject proc to build the
Vivado Design Suite project and create an appropriately named block design in
which you will perform the remainder of this lab.

1-3. Run the createProject proc to quickly create the Vivado Design Suite Project.

1-3-1. Enter the following into the Tcl command line to create the Vivado Design Suite project:

createProject

1-4. Launch the Create and Package IP Wizard, which will build a framework for
the custom device driver.

1-4-1. Select Tools > Create and Package IP to start the wizard.

File Edit Flow | Tools | Window Layout Wiew Help

P A ] Repart »
Flow Navigatar ¢ {{ Create and Package IP... )
; Run Td Script...
QT = Run crip
& Property Editor Ctrl+)
4 Project Mana Assodate ELF Files...
% Project Compile Simulation Libraries. ..

Figure 12-5: Selecting Create and Package IP
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The Welcome dialog box for the Create and Package IP Wizard opens.

Create and Package IP

This wizard can be used to accomplish two tasks:

Package a new IP for the Vivado IP Catalog
This wizard will guide you through the process of creating a new Vivado IF using source files
and information from your current project or specified directory.

Create a new AXI4 Peripheral

This wizard will guide you through the process of creating a new AXI4 peripheral which
indudes HOL, driver, software test application, IPI BFM simulation and debug demonstration
design.

Clidk Next to continue

Finish Cancel

Figure 12-6: Viewing the Welcome Dialog Box

This wizard is used to create and package a custom hardware peripheral. At completion,
it generates a skeleton software driver. Because this lab is not concerned with the
hardware content that consumes most of the wizard choices, you will select the default
settings for the hardware choices. The second-to-last dialog box of the wizard presents
the option to generate a skeleton device driver structure.

1-4-2. Click Next to add a peripheral to the project.

1-5. Create templates for a new AXI4 peripheral. Indicate where you want to
store the new peripheral.

1-5-1. Select Create a new AXI4 peripheral when the Create And Package New IP dialog box
opens.

Create Peripheral, Package IP or Package a Block Design
Flease select one of the following tasks. '

Packaging Options

Package your current project
Use the project as the source for creating a new IP Definition.
Note: All sources to be packaged must be located at or below the spedfied directory.

Package a block design from the current project
Choose a block design as the source for creating a new IP Definition.

, Package a spedfied directory
Choose a directory as the source for creating a new IP Definition.

Create AXI4 Peripheral

reate a new AXI4 peripheral

debug demonstration design.

[ < Back ][ Mext = ] Finish

Figure 12-7: Selecting AXI4 Peripheral

1-5-2. Click Next to enter initial peripheral settings.
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1-6. Enter the name of the peripheral.

1-6-1. Enter lcd in the Name field.
1-6-2. Change the IP location to C:\training\deviceDriversCustom\lab.

e ™
é;‘_, Create and Package New IP &J
Peripheral Details
Specify name, version and description for the new peripheral '
MName: led|
Version: 10

Display name: |lcd_v1.0

Description: My new AXI IP
IPlocation: | Path Per Instruction | =

[ Overwrite existing

L5 J

Figure 12-8: Naming the Peripheral and IP Location
1-6-3. Click Next to add peripheral settings.
1-7. Add a single AXI interface.

1-7-1. Review the default settings in the Add Interface dialog box.

No changes are required.

r Bl
EETRTETRRN
Add Interfaces
Add AXI4 interfaces supported by your peripheral '
[] Enable Interrupt Support g - Name S00_AXT
| |= Interfaces -
. Interface Type Lite A
@
Interface Mode Slave -
- "
3 =co0_aa Data Width (Bits) | 32 hd
Memory Size (Bytes) | 64
|Cd—v 1.0 Mumber of Registers |4 [4..517]
4 3
e

Figure 12-9: Adding a Single Interface

1-7-2. Click Next to review your previous entries.
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1-8. Review the summary of the peripheral that will be created.

1-8-1. Ensure that the Add IP to the repository option is selected so that you will be able to

manually modify the device driver.
1-8-2. Click Finish to add the peripheral to the project.

JL Create and Package New IP |

VIVADO R frrEme e

XILINX

AL PROGRAMMABLE.

Create Peripheral

1. TP (xilinx. com:user:led: 1.0) with 1 interface(s)

2. Driver(v1_00_a) and testapp more info

3. AXI4 BFM Simulation demonstration design more info

4, AXI4 Debug Hardware Simulation demonstration design more info

Peripheral created will be available in the catalog :

Next Steps:

@ Add IP to the repository
©) EditIP
(©) Verify peripheral IP using AXI4 BFM Simulation interface

(©) Verify peripheral TP using JTAG interface

Click Finish to continue

Figure 12-10: Reviewing the Summary

No simulation files are required. This dialog box is the only one that concerns the lcd
peripheral. Although minimum custom hardware is actually being made, it will not be
used in this lab. The objective is to add a custom driver to an existing peripheral. To

create a custom driver, the template driver files are necessary.

1-9. View the directory structure created for the driver peripheral.

1-9-1. Browse to C:\training\deviceDriversCustom\lab using Windows Explorer.

The Create and Package Wizard has added the new drivers directory to the Vivado IDE

project structure.

deviceDriverCustom.cache
deviceDriverCustom.hw
deviceDriverCustom.ip_user
deviceDriverCustom.sim
led_1.0

bd

drivers

example_designs

hdl

xgui

Figure 12-11: Project Hierarchy with Results of Create and Package Wizard
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Question 1

Browse to the C:\training\deviceDriversCustom\lab\lcd_1.0\drivers\lcd_v1_0\src directory. This
directory is where the source files for the device driver reside. What files have been placed there
by the wizard?

Question 2

What is in the lcd.c file?

No hardware was changed or created so the design does not have to be reimplemented.
The goal of the process is to associate a custom driver to existing peripheral hardware.
The new peripheral is named lcd but the hardware is actually an unmodified gpio
peripheral.

1-9-2. Select File > Exit to close the Vivado Design Suite now that the hardware aspect is done.

Adding the Device Driver to the BSP Step 2

The skeleton driver that was added in the last step needs to be customized as an
axi_gplo peripheral driver. You will accomplish this by modifying the lcd.mdd
device driver description file.

The lcd.c device driver file from the "Application Development” lab will replace
the skeleton version of the same name that was generated by the wizard. The
generated [cd.h file will not be needed because the drivers in lcd_zyng.c will
actually be calling the axi_gpio drivers that are already in the BSP.

This is a valuable feature in that device drivers in the BSP (or software platform)
can call other device driver services in the same BSP.

Adding the device driver to the BSP requires you to:
o Modify lcd.mdd to point to the axi_gpio peripheral by using SDK.
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o Replace the lcd.c file located in the C:\training\deviceDriversCustom\lab\
lcd_1.0\drivers\lcd_v1_0\src directory with the custom driver files from the
C:\training\deviceDriversCustom\support directory.

o Add the path for the custom lcd driver files to the user-defined software
repositories.

o Create a new BSP and modify its settings to use the lcd driver for the LCD
display.

o Regenerate the BSP.

The first step will have you modify the configuration files that integrate the driver
source into the BSP. They are in the C:\training\deviceDriversCustom\lab\lcd_1.0\
drivers\lcd_v1_0\data directory.

The lcd.mdd file needs to be modified so that this software driver is associated
with the axi_gpio peripheral. The lcd.tcl file does not need modification because it
generates symbols that will not be used in the xparameters.h file.

2-1. Launch the SDK tool and set the workspace.

2-1-1. Select Start > All Programs > Xilinx Design Tools > SDK 2016.3 > Xilinx SDK 2016.3
to launch the tool.

Alternatively, you can launch the tool from its desktop shortcut, if available.
The Workspace Launcher opens after a moment.

The SDK tool creates a workspace environment that initially only contains a thin structure
that tracks tool settings and maintains the SDK tool log file. In SDK, as projects are
added, this workspace will update to include hardware projects, BSPs, and your software
applications. Workspaces can be switched from within the SDK tool (select File > Switch
Workspace).

If it becomes necessary to move a software application to another location or computer,
use the import and export features. Manually copying files is not recommended as
workspace files are set to use absolute path names and this will cause the tool to
become unstable.

The default location for the SDK software workspace (when launching from within the
Vivado® Design Suite) is the root directory of your hardware project; however, a long
path name can lead to problems on Windows-based machines. There is no default
location for the tool projects. Placing your project at the root level or one hierarchical
level below helps keep the path names as short as possible and is recommended.

Many of the Xilinx labs do not follow this guidance as it is important to keep a
predictable structure through the various courses and labs. These labs have been tested
to ensure that path name lengths do not cause problems.
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2-1-2.

2-1-3.

2-1-4.

Enter C:\training\deviceDriversCustom\lab into the Workspace field or use the Browse
button when the Workspace Launcher opens.

Note that when you use the Browse button, you will need to select the
C:\training\deviceDriversCustom\lab directory and click OK.

rm Workspace Launcher &]ﬁ

Select a workspace

Kilinx SDK stores your projects in a folder called a werkspace.
Cheoose a workspace folder to use for this session,

Workspace: I Use the Workspace Specified in the Instructions I - I Browse...

[] Use this as the default and do not ask again

Figure 12-12: Setting Up the Workspace Environment Path

Click OK to close the Workspace Launcher dialog box and open the new workspace.

A workspace location and hardware platform are created when the Export Hardware
Design for SDK command is performed from the Vivado Design Suite (or they can be
created manually). While not a requirement, it is a good idea to keep the related files

together.

Note that SDK must associate with a hardware system that has been previously exported
so that an appropriate software platform or board support package can be built.
However, the SDSoC™ development environment can take advantage of available
platforms (for ZC702/ZedBoard). The hardware platform can be created for your custom
hardware.

Usually, a platform provider builds the platform hardware using the Vivado Design Suite
and IP integrator. For more information on platform creation, refer to the "SDSoC
Platform Creation" topic cluster.

When the SDK tool is launched on its own, you must manually identify where you want
the workspace and create (or import) the necessary hardware description to begin
developing an application.

Close the Welcome tab if it appears.

This will give you more room to view your project. You may also want to maximize the
SDK window, as there will be a lot to see.
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The hardware platform specification contains a thorough description of the
hardware design: what types of processors are present, active peripherals in the
PS and PL for Zynq® All Programmable SoC-based systems or a list of all
peripherals for a non-Zynqg All Programmable SoC system, a full system memory
map, etc. Based on this description, software such as the board support package
(BSP) and application can be tailored to the hardware.

2-2. Create the hardware platform specification.

2-2-1. Select File (1) > New (2) > Other (3) to see the Xilinx-specific options.

C File ’.d\t Source Refactor Mavigate Search Project XilinxTools Run  Window Helj
H +Shift+

.,

.

Application Project

&
[ SPMProject
[

i, Board Support Package

Close s Chrl+W
Close All . Cirt-shiftew | [

H @9 Source Folder
9 Folder
&
i

T Project...

Save H Ctrl+§
"

SRS

Save Al Ttvea,, Ctrl=Shift+5

Lr
LN
5
.

Source File

Rewvert Header File

' File from Template

*e
Move.. K F,? Class m
Rename... F2 \9/
&1 Refresh 5 (L; Other... Ctrl+N J

Convert Line Delimiters To 3

Print... Ctrl+P

Figure 12-13: Accessing the New Wizards

The Select a Wizard dialog box opens. Here you can select one of many different wizards.

2-2-2. Expand the Xilinx folder (1).
2-2-3. Select Hardware Platform Specification (2).
& e 000 O mE

Select a wizard p—

Wizards:
type filter text

Figure 12-14: Selecting the Hardware Platform Specification Wizard

2-2-4. Click Next to open the New Hardware Project dialog box (3).

The New Hardware Project dialog box opens. Here you will be able to specify a project
name and the hardware description file that was exported by the Vivado Design Suite.
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2-2-5.
2-2-6.

Enter UEDfull_hw in the Project name field.

Browse to the C:\training\deviceDriversCustom\support directory under the Target
Hardware Specification region and select the UEDfull_[zc702 | zed].hdf file.

:
:

New Hardware Project

Provide the path to a hardware specification file,

Project name: | Enter the Project Name Here

Use default location

default

Target Hardware Specification

Provide the path to the hardware specification file exported from Vivado.

This file usually resides in SDK/SDK_Export/hw folder relative to the Vivado project location.
The specification file and associated bitstream content will be copied into the workspace.

Path to the HDF File Goes Here |

» Bitstream and BMM/MMI Files

Figure 12-15: New Hardware Project Dialog Box

2-2-7. Click Finish to create the new hardware project.

2-3. Open the lcd.mdd file.

2-3-1. Select File > Open File.

2-3-2. Browse to the C:\training\deviceDriversCustom\lab\lcd_1.0\drivers\lcd_v1_O\data
directory.

2-3-3. Select the lcd.mdd file.

2-3-4. Click Open to open the file in a text editor.
Note: This may open in the SDK editor or whatever editor was selected as a default for
opening this type of file.
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2-4.
2-4-1.

2-4-2.

2-4-3.

2-5.

2-5-1.
2-5-2.

2-5-3.
2-5-4.
2-5-5.
2-5-6.
2-5-7.

Indicate that the LCD driver is going to use an instance of an axi_gpio.

Change lcd to axi_gpio on the line to set the OPTION to supported_peripherals to direct
the association on the device driver to the name of the supported hardware.

In this case the LCD hardware is a GPIO device. This means that the drivers that are
developed will give the user the impression that they are working with special LCD
hardware, whereas in reality they are driving a GPIO.

=l *led.mdd &3

2

ZOPTION psf_version = 2.1;

5 BEGIN DRIVER lcd
OPTION supported_peripherals = (MJ,
7 OPTION copyfiles = all;
8 OPTION VERSION = 1.8;
OPTION NAME = lcd;
1@ END DRIVER

Figure 12-16: Associating the lcd Driver with the axi_gpio Peripheral

By changing this symbol, you are indicating that this driver is for the axi_gpio peripheral,
as opposed to the non-existent LCD hardware that was specified, but not used, when the
skeleton was created with the Create and Package IP Wizard.

Select File > Save.

Close the led.mdd file.

Change the parameter name in the Tcl file so that the user will have clear
indications of where this peripheral can sit in memory.

Select File > Open File.

Browse to the C:\training\deviceDriversCustom\lab\lcd_1.0\drivers\lcd_v1_0O\data
directory.

Open the lcd.tcl file.

Change the parameter name C_SO0_AXI_BASEADDR to C_BASEADDR.

Similarly, change the parameter name C_SO0_AXI_HIGHADDR to C_HIGHADDR.
Select File > Save.

Close the lcd.tcl file.

If the Tcl and MDD files were opened in an editor other than the SDK editor, you can
close that editor at this time.

The parameters generated through Xilinx IPs use the naming convention of
C_BASEADDR whereas the Create and Package IP Wizard uses the naming convention of
C_S00_AXI_BASEADDR, which supports multiple interfaces.

Hied_v2_1_01dl H|

3 proc generate {drv_handle} {
xdefine include file Sdrv handle "xparameters.h" "led" "NUM INSTANCES" "DEVICE ID" "C BASEADDR" "C HIGHADDR"

}

Figure 12-17: Changing the Parameter Name
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2-6. Delete the lcd.c template file because you will be using the file already used
from the "Application Development” lab.

2-6-1. Browse to the C:\training\deviceDriversCustom\lab\lcd_1.0\drivers\lcd_v1_O\src directory
using Windows Explorer.

2-6-2. Select the lcd.c file and press <Delete> to delete the file.

2-6-3. Click Yes to confirm deletion.

2-6-4. Browse to the C:\training\deviceDriversCustom\support directory.

2-6-5. Copy the led_zynq.c and led_driver.h files from this directory to the C:\training\
deviceDriversCustom\lab\lcd_1.0\drivers\lcd_v1_O\src directory.

This replaces the skeleton custom driver source file generated by the Create and Package
IP Wizard with the new custom [cd driver source files.

Note that the file name is not important as the make utility will compile all the *.c files in
the src directory.

2-7. The user-defined software repositories indicate search directories for LibGen
to reference when building the BSP. The location of the new driver must be
included in the search path.

Note that the added path is two directories above C:\training\
deviceDriversCustom\lab, where the custom lcd driver files are located. This
is simply how the tools search for custom drivers.

If the wrong path is specified, the custom driver files will not be found and
errors will result in the building of all software platforms and software
applications that require the driver files.

Indicate the driver path for LibGen to reference when building the BSP.

2-7-1. Return to the SDK tool.
2-7-2. Select Xilinx Tools > Repositories.
2-7-3. Click New to the right of the Local Repositories area.

m Preferences L@ﬁ
type filter text Add, remove or change the order of SDK's software repositories. M

» General

Ant Local Repositories (available to the current workspace)
n

S CiC+ ( new. )

> Help N
Install/Update =

> Java up

» Remaote Developmen .
Remote Systems e

» Run/Debug Relative

» Team — §
Global Repositories (available across workspaces)

Terminal

Traging | ‘ | A |

Figure 12-18: Creating a New Repository
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2-7-4. Browse to and select the C:\training\deviceDriversCustom\lab\lcd_1.0 directory.
2-7-5. Click OK.

The path should appear in the Local Repositories list.

B Preferences

[
type filter text Add, remove or change the order of SDK’s software repositories. - v
’ ie:era\ Local Repositories (available to the current workspace)
. An
. CfCer Path Per Instruction Wil Appear Here|
> Help
> Install/Update Remove
» Java
Up
> Remote Systems
> Run/Debug Down
» Team
Kilirx SDK
4 Al Global Repositories (available across workspaces)
Boot Image
BSP Preferences

Flash Pragramming
Hardware Specification Remove

Log Information Level

Up
Repositories
XMD Startup Down
SDK Installation Repositories
C/Xilinx/SDK, Jdata\embeddedsw
Note: Local repository settings take precedence over global repository settings.
Restore Defaults] [ Apply I
N [ T —
@:J [ OK ] [ Cancel

Figure 12-19: Software Repositories Dialog Box
Note: The added path is two directories above where the custom lcd driver files are
located.

Everything in the SDK project is rebuilt because the software repository applies to the
entire SDK project, not just a single BSP or software application.

2-7-6. Click OK to complete the software repository task.

© Copyright 2016 Xilinx



Lab 12: Writing a Device Driver Lab Workbook

2-8. The newly created device driver must be associated with the instance of the
LCD display. Currently, the GPIO driver is selected.

You will create a new BSP named customDriver_bsp and set the driver for its
LCD peripheral to be the new lcd driver.
2-8-1. Select File > New > Board Support Package to begin creating the BSP.

2-8-2. Enter the following settings when the Xilinx Board Support Package Project dialog box
opens:

o Project name: customDriver_bsp
o CPU: ps7_cortexa9 0

o Hardware Platform: UEDfull_hw
O

Board Support Package OS: standalone

Bl

Xilinx Board Support Package Project

Create a Board Support Package.

Project name:l Enter the Project Name as per Instructions ]

Use default location

default

Target Hardware
Hardware Platform: | Select Hardware Platform as per Instructions 3

CPU: | Select CPU Target as per Instructions

Beard Support Package O5

eatures such as caches, interrupts and exceptions as well as the basic features of a
hosted environment, such as standard input and output, profiling, abort and exit.

Select BSP OS as
per Instructions

Ftandalone is a simple, low-level software layer. It provides access to basic processor

Figure 12-20: Creating a Board Support Package

2-8-3. Click Finish.

The Board Support Package Settings dialog box opens to enable you to customize the
BSP.
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2-9. Select the custom driver for the lcd peripheral.

2-9-1. Expand the Overview entry in the left navigation pane if it is not already expanded.
2-9-2. Select drivers to assign the driver for the LCD GPIO device.

2-9-3. Click the current driver for the GPIO_LCD_data component to access the down arrow for
the drop-down list.

2-9-4. Click the down arrow to open the drop-down list.
2-9-5. Select led from the Driver column drop-down list.
2-9-6. Ensure that the other axi_gpio devices are designated gpio.

No other changes to other IP drivers is required.
s sopor e s I . =

Board Support Package Settings
Control varicus settings of your Board Support Package,

4 Overview
standalone

R Drivers
a4 drivers

The table below lists all the components found in yeur hardware system. You can modify the driver (or its version)

assigned for each compenent. If you de net want te assign a driver to a component or peripheral, please choose
‘none’.

Component Component Type Driver Driver Version it

gpic 4.0 ‘E ‘

‘ led 1.0 )
GP | 3 o gpio 4.0
GPIO_LEDs_rosetta axi_gpio gpic 4.0

Figure 12-21: Associating the lcd Driver with the Icd_data Instance

This assigns the custom lcd driver that was just created to the GPIO_lcd_data instance in
the design.
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2-10. Set the compiler option to the -O0 option to reduce the optimization.

2-10-1. Expand Overview > drivers > ps7_cortexa9_0 in the left navigation pane.
2-10-2. Enter -00 in the value field for extra_compiler_flags.

E Board Support Package Settings

=

Board Support Package Settings

Control various seftings of your Board Support Package.

4 Overview

G for OS:

4 drivers Mame

archiver

compiler
compiler_flags
extra_compiler _flags
xmdstub_peripheral

Value Default
mb-ar mb-ar
mb-gec mb-gec

-0z
PR g
nane

Description

Archiver used to archive libraries
Compiler used to compile both |
Cornpiler flags used in BSP and |
Extra compiler flags used in BSP
Debug peripheral to be used witl

Figure 12-22: Setting the Compiler Option to -00

2-10-3. Click OK to close the Board Support Package Settings dialog box and start BSP

2-10-4. Access the Console window and verify that the BSP is built without errors.

regeneration.

2-11. Verify the lcd_v1_0 directory.

2-11-1. Expand the customDriver_bsp project in the Project Explorer tab.
2-11-2. Verify that the lcd_v1_0 directory was added to the processor's libsrc directory.

1 Project Explorer &2 ==Y |

a il

4 (3= mucrobls
[ code
> [ include
> = lib
4 [= libsrc
s = bram_vd 0
> 2= cpu_v2_ 3
> [ gpio_v4_0
s = intc w3 3
fa = led vl 0
4 [= src
3 led_driver.h
> L] led_mb.c
> L] led_selftest.c
3 led.h
IMakefile
> = mig_isenes_vZ 0
: [z standalone_v5_0
> = tmirctr_ov3_0
s (7= uartlite_v3_0
Makefile
|y, system.mss

ocumentation

Figure 12-23: Added lcd Driver Source Files (MicroBlaze Processor)
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Question 3

Which of the preceding steps resulted in lcd as an option for the axi_gpio driver in the Software
Platform Settings dialog box?

Question 4

Using the Project Explorer pane, double-click the lcd_driver.h file to open it. Note that functions
are divided into External and Internal. External functions are those called by other functions
outside of the driver. What parameter is passed into all external functions? Why would this
parameter be needed?

Question 5

If errors occurred in the BSP build after you added the new driver, what might the problem be?
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Creating an SDK Application Step 3

The newly added driver is ready to be tested. You will use the application from
the "Application Development" lab to test the driver. Note that the LCD display
driver, which was part of the "Application Development" lab application project,
will not be present. The same lcd driver is now part of the BSP. Here you will
create an SDK software application project and import the lcdDriver source file
into it.

3-1. You will create a software application project that uses the LCD by relying
on the presence of the LCD drivers in the BSP.
3-1-1. Select File > New > Application Project.
3-1-2. Enter these settings when the New Application dialog box opens:
o Project name: lcdDriverTest_app
o Hardware Platform: UEDfull hw
o Processor: ps7_cortexa9_0
o OS Platform: standalone
o Language: C
o Board Support Package: select Use existing and customDriver_bsp

.
@ Mew Project [ J_I_JEI e
Application Project .
Create a managed make application project. 7
Project name: I Per Instruction I

Use default location
Citraining\ESD\labs\workspace\lcdDriver Browse

default

Q5 Platform: lstanda\one vJ

Target Hardware

Hardware Platform: I Per Instruction I VI New...
Processor: I Per Instruction I ']
Target Software

Language: @ C OC++

Board Support Package: (0) Create New  IcdDriver_bsp

@ Useexisting | Per Instruction | -

@ <Back [ Nea> |[ Fnish [ cance |

Figure 12-24: Naming the C Project and Selecting a Board Support Package
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3-1-3. Click Next.

-TRERSR T

Templates

Create one of the available templates to generate a fully-functioning
application project.

Available Templates:

Peripheral Tests A blank C project.
DhEstone

Hello World

IwiIP Echo Server

Memory Tests

R5A Authentication App

SREC Bootloader

Kilkernel POSIX Threads Demo
Zyng DRAM tests

Zyng FSBL

Figure 12-25: Selecting a Project Template

3-1-4. Select the Empty Application project template as you will be adding source files in the
next set of instructions.

3-1-5. Click Finish.
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It is common practice to add existing resource files (*.c, *h, *.cpp, etc.) to a
software project. The Eclipse framework requires this operation to be performed
as an import function.

3-2. Add stopwatch_custom_driver.c to the application.
The preferred method for importing sources is shown here.

3-2-1. Expand the project named lcdDriver_app > src using the Project Explorer.

3-2-2. Right-click the desired destination directory in the project that you want to place the
resource files (typically the src directory) (1).

3-2-3. Select Import to open the Import Wizard (2).

B Project Bxplorer 2 51 & | ¥ ¥ = O | |G system
4 25 ot app

corte

Figure 12-26: Importing a Resource File

The Import Wizard dialog box opens.

3-2-4. Expand General (1).
3-2-5. Select File System as you will be selecting individual files directly from the file system
).

Select \‘
Import resources from the local file system into an existing project. E 5

+ (= Remote Systems
+ (= Run/Debug
s (= Team

.
-‘i
2_(3)

Figure 12-27: Selecting File System

3-2-6. Click Next to advance to specifying the files to import (3).
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3-2-7. Browse to C:\training\deviceDriversCustom\support in the From directory field.
3-2-8. Select the file(s) by checking the box beside stopwatch_custom_driver.c.
Lo e

File system

Import resources from the local file system. / /

-

From directory: ‘Suurc& Directory as Specified in Instructions |v [ Browsze... ]

& shenite T
Select Files to Import ]

[ Fitter Types... | [ selectan | [ Deselectan |

FEEEEE
BFERBD
29

Into folder: ‘ Destination Directory as Specified in Instructions | [ Browse...

Options
[] Overwrite existing resources without warning
[ Create top-level folder

Advanced > >

\
@

Figure 12-28: Selecting Resource Files
The Into folder directory will default to the location selected when you engaged the
import function, but you can click Browse to change this location.

3-2-9. Click Finish to import the selected files and close the wizard.

Note: If the workspace has the automatic build option enabled, the project will
automatically build with the new resource files. The Console view at the bottom of the
IDE will show the results of the build.

Question 6

How can you determine that the LCD drivers are part of the BSP?

Question 7

Where can you find information about the API for this new driver set?
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Open the source files for this device.

Hint: The source files are NOT under the application project. Rather, they can be
found in the BSP project under the processor name > libsrc > lcd_v1_0 > src.

3-3. Open lcd driver.h and lcd_zynq.c in the editor.
3-3-1. Locate lcd_driver.h and lcd_zynq.c using the Project Explorer pane.

Note: You may need to expand the branches of the tree (project name > src).
3-3-2. Double-click the source file to open it in the editor window.

Alternatively, you can right-click the source file name and select Open.

The Open With option provides access to other editors, including those outside the SDK
tool environment.

[P Project Explorer 31 = i:'(;‘ ¥ ¥ = 8
a5

0’3 src

Right-Click Source File

> | 2] SDSoC_lab_dest
1 New 3

g Open
: >
W Delete Delete
Source » | |5 System Editor

C/C++ Editor
Text Editor

m| &)

Move... =| In-Place Editor

Import. Default Editor

Export... Other...

B T ol s WL Ve WP N W Y

fs B F

Refresh F5

Index 2

Resource Configurations 3
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Figure 12-29: Opening a Source File via Right-Click

Question 8

What are the user callable functions?
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Question 9

Where can you see the use of the API calls in stopwatch_custom_driver.c?

Summary

You created a new software driver for the axi_gpio peripheral. You then used the Create and
Package IP Wizard to create the skeleton framework and used the lcd driver from the
"Application Development" lab with minor modifications as the main source for this driver.
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Answers

1. Browse to the C:\training\deviceDriversCustom\lab\lcd_1.0\drivers\lcd_v1_O\src directory. This
directory is where the source files for the device driver reside. What files have been placed
there by the wizard?

e lcdc

e lcdh

o lcd selftest.c
o Makefile

2. What is in the lcd.c file?

Nothing. It is a shell.

3. Which of the preceding steps resulted in lcd as an option for the axi_gpio driver in the
Software Platform Settings dialog box?

Changing the supported peripherals option in the lcd. mdd file from lcd to axi_gpio.

4. Using the Project Explorer pane, double-click the led_driver.h file to open it. Note that
functions are divided into External and Internal. External functions are those called by other
functions outside of the driver. What parameter is passed into all external functions? Why
would this parameter be needed?

The LCD base address is passed into all external functions. It is needed because the LCD
base address will vary with hardware configuration. Passing the base address as a parameter
is one way to get this necessary information into the driver functions.

5. If errors occurred in the BSP build after you added the new driver, what might the problem
be?

An error in one of the C source files located in the C:\training\deviceDriversCustom\lab\
lcd_1.0\drivers\lcd_v1_0O\src directory or the driver source files were not found due to an
incorrect or missing path in the User-Defined Software Repositories.

6. How can you determine that the LCD drivers are part of the BSP?

The easiest way to tell is that the LCD driver files are not found in the application source file
folder but are found in the following locations:

Zynq AP SoC users: customDriver_bsp > ps7_cortexa9_0 > libsrc > lcd_v1_0 > src folder,
which is a BSP project.

MicroBlaze processor users: customDriver_bsp > microblaze_0 > libsrc > lcd_v1_0 > src
folder, which is a BSP project.
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7. Where can you find information about the API for this new driver set?

Unless you write your own API documentation, the source files are the only imported
documentation.

8. What are the user callable functions?

lcd_driver.h provides a number of macros (Level O drivers):LCD_mWriteReg, LCD_mReadReg,
and LCD_Reg_SelfTest.

lcd_zyng.c provides higher-level functions and macros, including mLCDsetDataDir,
mLCDgetDataReg, and mLCDsetDataReg, as well as Writelnst(), WriteData(), LCDon(),
LCDoff(), and LCDcursorOn().

9. Where can you see the use of the API calls in stopwatch_custom_driver.c?

LCDInit and LCDcursorOff() are called near line 148, and LCDClear() and LCDPrintString() are
found near line 222.
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