AXI Interface Based KC705
Embedded Kit MicroBlaze
Processor Subsystem

(ISE Design Suite 14.5)

Software Tutorial

UG915 (v3.0) April 23, 2013

& XILINX.



& XILINX
®
Notice of Disclaimer

The information disclosed to you hereunder (the “Materials”) is provided solely for the selection and use of Xilinx products. To the maximum
extent permitted by applicable law: (1) Materials are made available "AS 1S" and with all faults, Xilinx hereby DISCLAIMS ALL
WARRANTIES AND CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT LIMITED TO WARRANTIES OF
MERCHANTABILITY, NON-INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR PURPOSE; and (2) Xilinx shall not be liable (whether
in contract or tort, including negligence, or under any other theory of liability) for any loss or damage of any kind or nature related to, arising
under, or in connection with, the Materials (including your use of the Materials), including for any direct, indirect, special, incidental, or
consequential loss or damage (including loss of data, profits, goodwill, or any type of loss or damage suffered as a result of any action
brought by a third party) even if such damage or loss was reasonably foreseeable or Xilinx had been advised of the possibility of the same.
Xilinx assumes no obligation to correct any errors contained in the Materials or to notify you of updates to the Materials or to product
specifications. You may not reproduce, modify, distribute, or publicly display the Materials without prior written consent. Certain products are
subject to the terms and conditions of the Limited Warranties which can be viewed at http://www.xilinx.com/warranty.htm; IP cores may be
subject to warranty and support terms contained in a license issued to you by Xilinx. Xilinx products are not designed or intended to be
fail-safe or for use in any application requiring fail-safe performance; you assume sole risk and liability for use of Xilinx products in Critical
Applications: http://www.xilinx.com/warranty.htmf#critapps.

© Copyright 2012, 2013 Xilinx, Inc. Xilinx, the Xilinx logo, Artix, ISE, Kintex, Spartan, Virtex, Vivado, Zynq, and other designated brands
included herein are trademarks of Xilinx in the United States and other countries. All other trademarks are the property of their respective
owners.

Revision History

The following table shows the revision history for this document.

Date Version Revision
08/21/2012 1.0 Initial Xilinx release.
10/26/2012 1.1 In step 1 in Creating a New SDK Workspace for Software Development, page 13, Suite

changed to Suite <version>. In Adding a New Hardware Platform Project to an SDK
Workspace, page 13, step 1 changed. In Creating the Hello World Software Project and
BSP, page 14, step 1 through step 12 changed. In Creating a Profile Run Configuration,
page 43, in step 6, 0x80000000 changed to 0x90000000.

01/23/2013 2.0 Updated for ISE® Design Suite 14.4. Figure 1 and Figure 2 changed. Instructions in Note
on the MFS Library, page 24 changed. A note was added to Creating a BSP for Profiling,
page 40 and step 2 changed. Step 2 under Setting Up the Software Application, page 42
changed. Step 7 in Profiling the Application, page 44 was added. Figure 33 was
replaced.

04/23/2013 3.0 Updated for ISE Design Suite 14.5. Updated Figure 13. Changed step 2 under Creating
a BSP for Profiling, page 40. Enhanced Appendix A, Additional Resources.

KC705 Embedded Kit Software Tutorial www.xilinx.com UG915 (v3.0) April 23, 2013


http://www.xilinx.com
http://www.xilinx.com/warranty.htm
http://www.xilinx.com/warranty.htm#critapps

Table of Contents

Revision History ......... ... .. ... . . . . 2

Software Tutorial for the AXI Interface Based KC705
Embedded Kit MicroBlaze Processor Subsystem

Introduction ......... ... .. . 5
Hardware and Software Requirements ....................................... 6
Prerequisites.......... ... ... . ... . 6
System Overview ............ ... ... .. 6
Software Platform(s) ............ ... ... ... . ... 6
Important Terminology .......... ... ... ... . .. ... ... ... 7
Included Filesand Systems. .............. ... . .. ... .. .. ... L 7
Basic SDK Software Development Flow Overview........................ ... 11
Board Setup....... ... ... 12
Stand-Alone Software Development............ .. .. ... .. ... ... ... 12
Creating an SDK Workspace and Adding a Hardware Platform Project .......... 12
Creating a New BSP and Stand-Alone Software Application Project ............. 14
Board Test Software Application Design Flow ................................ 18
Debugging Stand-Alone Software Applications. .............................. 33
Profiling Stand-Alone Software Applications ............. ... ... ... ... .. ..., 40
Video Demonstration with xilkernel and Iwip........................ ... ... 46
Creating a New SDK Workspace for the Video Demonstration.................. 47
Adding a Local Repository............. ... ... i 47
Importing the Hardware Platform Project, Video Demonstration
Application,and BSP ...... ... ... ... 48
Video Demonstration BSP ........... ... ... ... oo oo 50
Video Demonstration Application ................. ... ...l 50
Video Demonstration Hardware Setup ...................................... 51
Running the Video Demonstration ................... ... ... .............. 51
Interacting with the Video Demonstration ................................... 52
Next Steps . ... 54
Running the Pre-Built Software Applications............................. ... 56
Running the Pre-Built Board_Test_App_Console Stand-Alone
Software Application ......... ... ... 56
Running the Pre-Built Board_Test_App_Webserver Software Application........ 57
Running the Pre-Built Video_Demo Software Application...................... 57

Appendix A: Additional Resources

XilINX RESOUICES . . .. oottt e i 59

SoOlution Centers . . ...t 59

Further ReSOUTICeS . . ... ..ot e 59

References . . .. .o 60
KC705 Embedded Kit Software Tutorial www.xilinx.com

UG915 (v3.0) April 23, 2013


http://www.xilinx.com

& XILINX.

www.Xxilinx.com KC705 Embedded Kit Software Tutorial
UG915 (v3.0) April 23, 2013


http://www.xilinx.com

& XILINX.

Software Tutorial for the AXI Interface
Based KC705 Embedded Kit MicroBlaze
Processor Subsystem

Introduction

This tutorial guides the user through the steps to compile, modify, build, and debug
stand-alone software applications for the Xilinx® KC705 Embedded Kit MicroBlaze™
Processor Subsystem. The Xilinx software development kit (SDK) is the primary tool used
with the tutorial.

The software application development is divided into two primary categories, based on
the platform environment.:

¢ Application development based on a stand-alone environment.

* Application development based on the xilkernel OS environment.
For stand-alone software development, the tutorial exercises these flows:

* Creating a new workspace and importing the hardware platform into the workspace
¢ Creating a new board support package (BSP) and application

¢ Importing an existing BSP and software application into a workspace

* Debugging software applications

e Profiling software applications

For the tutorial based on the xilkernel OS environment, this tutorial demonstrates the
video demonstration that is based on Xilinx VDMA, TPG, and Xylon’s CVC [Ref 1] IPs
provided with the KC705 embedded kits. This video demonstration uses a Web interface to
control the video pipelines and to display graphs of AXI-MM throughput data (both read
and write), on-chip temperature, and on-chip voltages (Vcont and Vecaux)-

The video demonstration sections of this tutorial include:

¢ Creating a new workspace and adding a local repository

¢ Importing the hardware platform, BSP, and software application into the workspace
* Descriptions of the video demonstration BSP and application

e Setting up the video demonstration hardware

¢ Running the video demonstration

¢ Interacting with the video demonstration

KC705 Embedded Kit Software Tutorial www.Xxilinx.com 5
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Hardware and Software Requirements

Hardware and software requirements for the tutorial are detailed in UG913, Getting Started
with the Kintex-7 FPGA KC705 Embedded Kit.

Prerequisites

These prerequisites are required to run the basic tutorial:

¢ KC705 MicroBlaze processor subsystem:

e Hardware set up and software installed as documented in UG913, Getting Started
with the Kintex-7 FPGA KC705 Embedded Kit

* Familiarity with the KC705 MicroBlaze processor subsystem documented in
UG914, AXI Interface Based KC705 Embedded Kit MicroBlaze Processor Subsystem
Hardware Tutorial

e Familiarity with UG683, EDK Concepts, Tools, and Techniques

¢ General basic microprocessor knowledge

* Basic knowledge of the C language

¢ Familiarity with compilers, linkers, and debug techniques

System Overview

This tutorial introduces developing stand-alone software applications with the Xilinx
KC705 embedded kit. The stand-alone software development sections of this tutorial use
the reference system that is documented in DS669, AXI Interface Based KC705 Embedded Kit
MicroBlaze Processor Subsystem Data Sheet.

The video demonstration uses a hardware system that includes Xilinx IP cores such as
VDMA and third party IP cores such as logiCVC from Xylon [Ref 1]. Creation of this
system is described in UG914, AXI Interface Based KC705 Embedded Kit MicroBlaze Processor
Subsystem Hardware Tutorial.

Software Platform(s)

Different software platforms can be used to cover a variety of different needs. These
platforms include:

¢ Stand-alone platforms for small dedicated systems that do not require an OS

¢ The xilkernel (kernel for Xilinx embedded processors) or uC/OS-II kernel for small
systems that need to manage multiple tasks

* Linux for systems that have large software content (not demonstrated in this tutorial).

This tutorial introduces development with the stand-alone software platform. The
board_test_app software application is provided for use with the stand-alone software
platform. The video demonstration is provided as an example application that uses the
xilkernel platform.
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Important Terminology

Table 1 defines some important terms that are used throughout this tutorial.

Table 1: Terms Used in this Document

Term

Description

Hardware platform

The hardware platform is the hardware system created with the
Xilinx Platform Studio (XPS).

Workspace

An SDK workspace is a directory that contains software projects
and links to the associated hardware platforms. The workspace
also contains SDK settings and logs.

Board support package

A board support package (BSP) in the SDK contains libraries and
drivers that software applications can utilize when using the
provided Application Program Interfaces (APISs).

Software project

An SDK software project includes the software application source
and settings.

Stand-alone software
platform

The stand-alone software platform is a single-threaded
environment used when an application accesses processor
functions directly. The stand-alone software platform provides
functions such as processor interrupt handling, exception
handling, and cache handling as well as program profiling
support.

Xilkernel software
platform

Xilkernel is a simple and lightweight kernel that provides services
such as scheduling, threads, synchronization, and timers.

Xilinx Microprocessor
Debugger (XMD)

XMD is a console-based download and debug engine.

Included Files and Systems

Table 2 summarizes how the directories provided with the KC705 embedded kit relate to
this tutorial document. This tutorial uses the directories in the KC705_Embedded_Kit
directory and assumes that the directories and files are placed or copied onto the local

computer.

Table 2: Directory Structure Summary

Directory

Purpose

Folders Containing Documents

Documentation

This directory contains the documents provided with the embedded
kit, including this tutorial.

Folders Containing the Video Demonstration Application

This directory includes the video_demo software project,
Video_Demo/SW xilkernel_bsp_0 BSP, and the SDK_Export files for the
hardware platform.

This directory contains the pre-built hardware bitstream and software
Video_Demo/ready_for_download executable files to provide a quick way to run the video
demonstration application.

KC705 Embedded Kit Software Tutorial
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Table 2: Directory Structure Summary (Cont'd)

Directory Purpose

Folders Containing Board Test Applications

This directory includes the board_test_app_Console software
KCc705_8System/SW/ project, board_test_app_Console_platform BSP, and the SDK
board_test_app_Console export files for the hardware platform. This directory supports the
console-based board test application.

This directory includes the board_test_app_Webserver software
KC705_System/SW/ project, board_test_app_Webserver_platform BSP, and the
board_test_app_Webserver SDK export files for the hardware platform. This directory supports
the Web server-based board test application.

This directory contains the pre-built hardware bitstream and software
KC705_System/ready_for_download executable files (Console- and Web server-based) to provide a quick
way to run the board test application.

Folders Containing Tutorials and Sandbox

This directory includes the software applications and platforms

T ial 1 . . .
utorial Completed/SWw created during this tutorial.

This directory is included for use as a working directory when going
through the stand-alone software development sections of this

Tutorial_Sandbox/SW/ tutorial. This directory is originally provided as a copy of the
board_test_app/ KC705_System/SW/board_test_app_Console directory with
board_test_app_Console some added folders to facilitate completion of this tutorial. It is

recommended that this directory be used when completing the
stand-alone software development sections of this tutorial.

This directory is included for use as a working directory when going
through the board_test_apps (based on Webserver) sections of

Tutorial_Sandbox/SW/ this tutorial. This directory is originally provided as a copy of the
board_test_app/ KC705_System/SW/board_test_app_Webserver directory
board_test_app_Webserver with some added folders to facilitate completion of this tutorial. It is

recommended that this directory be used when completing the
board_test_apps (based on Webserver) sections of this tutorial.

This directory is included for use as a working directory when going
through the video demonstration sections of this tutorial. This
directory is originally provided as a copy of the Video_Demo/SW
directory with some added folders to facilitate completion of this
tutorial. It is recommended that this directory be used when
completing the video demonstration sections of this tutorial.

Tutorial_Sandbox/SW/Video_Demo

The Tutorial_Sandbox directory is a working area for this tutorial. Figure 1 shows the
directory structure for the Tutorial_Sandbox working area.
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Included Files and Systems

KC705_Embedded_Kit

| E—

Tutorial_Sandbox Tutorial_Completed

Documentation

KC705_System Video_Demo

HW

ready_for_download ready_for_download

Video_Demo

Figure 1:

Video_demo

memfs

repository

xilkernel_bsp_0

hw_platform

SDK_Export

SDK_Workspace

board_test_app

board_test_app_console

board_test_app_Webserver

1 1 1

board_test_app_Console_platform

board_test_app_Webserver_platform

hw_platform

SDK_Export

SDK_Workspace

L1

memfs

UG915_01_121712

Tutorial Sandbox Directory Structure

The Tutorial_Completed directory includes the applications and platforms created
with this tutorial, and are provided as a reference. The Tutorial Completed directory
structure is shown in Figure 2.
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Basic SDK Software Development Flow Overview

The flowchart in Figure 3 shows the basic software development flow in the SDK. This
tutorial begins after the hardware platform is exported from XPS. This SDK software
development flow is covered throughout this tutorial.

Hardware Platform
Exported From
XPS to SDK

Create an SDK
Workspace

!

Import the
Hardware Platform
into the Workspace

1

Create or Import
a BSP

!

Create or Import
a Software Project

1

Develop the
Software
Application

!

Generate a
Linker Script

!

Download the Hardware
Bitstream to the

FPGA Device
Debug Software Profile Software Run Software
Application Application Application

UG915_03_072712

Figure 3: SDK Software Development Flow
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Board Setup

Before beginning this tutorial, ensure that these board setup steps are completed as
described in UG913, Getting Started with the Kintex-7 FPGA KC705 Embedded Kit.

Stand-Alone Software Development

As an introduction to stand-alone software development, this tutorial includes:

1. Creating an SDK Workspace and Adding a Hardware Platform Project, page 12

Includes steps on how to create a new SDK workspace and add a hardware platform
project to that workspace. Completion of this section is required. All other stand-alone
software development sections use the workspace and hardware platform project
created in this section.

2. Creating a New BSP and Stand-Alone Software Application Project, page 14

Describes the steps necessary to create a new software application project and
corresponding BSP in the SDK.

3. Board Test Software Application Design Flow, page 18

This section uses the provided software projects and includes the tutorial to build
board test applications in Console mode and Webserver mode.

4. Debugging Stand-Alone Software Applications, page 33

Part 4 is optional, but covers important material for an introduction to debugging
software applications in the SDK.

5. Profiling Stand-Alone Software Applications, page 40

Part 5 is important for understanding how to profile software applications in the SDK.

Creating an SDK Workspace and Adding a Hardware Platform Project

To begin working with SDK, an SDK workspace must be created. An SDK workspace is a
directory that contains information on the projects being worked on. The workspace holds
software project files, SDK settings, and log files.

The hardware platform is the embedded hardware design that is created in XPS and
exported in the form of an XML file. The hardware platform is imported to SDK when the
XML file is imported. Multiple hardware platform projects can be created in SDK.

For the stand-alone software development sections of this tutorial, the hardware platform
project uses the hardware specification exported from the hardware system located in
KC705_System/HW.

Completion of this section is required by all other stand-alone software development
sections of this tutorial.

The process of creating a new SDK workspace and importing a hardware platform into the
workspace includes:

e Creating a New SDK Workspace for Software Development, page 13
* Adding a New Hardware Platform Project to an SDK Workspace, page 13
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Creating a New SDK Workspace for Software Development

1.

2.

Launch SDK.

¢ On Windows, select Start > All Programs > Xilinx Design Tools > ISE Design
Suite <version> > EDK > Xilinx Software Development Kit.

® On aLinux host, enter xsdk at a command prompt.

When the Workspace Launcher appears, specify the SDK workspace as
Tutorial_Sandbox/SW/board_test_app/SDK_Workspace. Click OK in the
Workspace Launcher.

When SDK opens, a Welcome screen is displayed. Close the Welcome screen after
browsing through the displayed information. When the Welcome screen is closed, the
Project Explorer tab is displayed and is empty.

Adding a New Hardware Platform Project to an SDK Workspace

To develop applications with SDK, a hardware platform must be specified in the SDK
workspace. To add a hardware platform project into the workspace, follow these steps:

1.
2.

Select File > New > Project... > Xilinx > Hardware Platform Specification in SDK.
Populate the new hardware platform project with these selections:

¢ Project Name: hw_platform

® Project Location: Ensure that the Use default location checkbox is selected.

¢ Target Hardware Specification: Click Browse and select Tutorial_Sandbox/SW/
board_test_app/SDK_Export/hw/system.xml

This hardware platform project uses the hardware specification exported in XPS from
the hardware system located in KC705/HW.

Click Finish.

When the hardware platform is loaded, the Project Explorer tab includes the hardware
platform, as shown in Figure 4. In this view, the system XML file is shown, which
provides a short summary of the hardware platform when opened in SDK.

™5 Project Explarer 23 =8

—

==

= 3% hw_platform
m system_bd.bmm
systerm,bit
¥ system.xml

1
<

UG915_04_072712

Figure 4: SDK Project Explorer View of the Hardware Platform Project
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Creating a New BSP and Stand-Alone Software Application Project

After the SDK workspace is created and the hardware platform is imported, a new BSP can
be created in the SDK. A BSP contains libraries and drivers that software applications can
utilize when using the provided APIs. A software project is the software application source
and settings.

The stand-alone software platform is a single-threaded environment used when an
application accesses processor functions directly. Some functions that the stand-alone
software platform provides are processor interrupt handling, exception handling, and
cache handling. The stand-alone software platform also supports program profiling.

This section uses the SDK workspace with the imported hardware platform created in
Creating an SDK Workspace and Adding a Hardware Platform Project, page 12.

This tutorial uses a Hello World software application as an example of creating a new
stand-alone software project. The Hello World software project is created from one of the
example application templates provided in the SDK. The process of creating a Hello World
software project with a new BSP using the stand-alone software platform includes:

¢ Creating the Hello World Software Project and BSP, page 14
* Running the Hello World Software Project, page 16

Creating the Hello World Software Project and BSP

Follow these steps to create the Hello World application project and a corresponding BSP.
The BSP is built to use the stand-alone software platform. Although this BSP is created for
use with a Hello World software application, it can be used for other software applications
that require a basic stand-alone software platform.

1. Select File > New > Application Project. in the SDK. For Xilinx C projects, SDK
automatically creates Makefiles that compile the sources into object files and link the
object files into an executable file.

Enter the Project Name: as hello_world_0.
Keep Use default location selected.
Keep the default selections for Target Hardware.

AR

Keep the 0S Platform selection at Standalone, Language selection to C. For
Board Support Package select Create New. This selection creates a new BSP for
the Hello World software application project. Ensure that the new BSP is populated
with the name hello_world_bsp_0.

Click Next.
Select the template for Hello World.

Click Finish. The SDK starts to compile the hello_world_bsp_0 BSP and the
hello_world_0 application.

9. Right-click hello_world_bsp_0 in the Project Explorer tab and select Board Support
Package Settings. Settings for the BSP can be changed in these menus.

10. The BSP settings menu is popped up, and the Overview menu is the initial menu
shown. This initial menu contains the OS type and version used, as well as a
description of the selected OS type. This menu shows the target hardware specification
file location and the target processor. This menu also allows the option to add libraries,
such as the Xilinx Flash library and the lwip TCP/IP Stack library. No special
settings are needed in this initial screen.

14
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11.

12.

13.

14.

15.
16.

Select the stand-alone menu. This menu includes the configuration options for the
stand-alone software platform.

In the Operating System configuration section of the stand-alone menu, ensure that
stdin and stdout are set to rs232_uart_1 by clicking the text in the Value column.

Select the drivers menu. In this menu, the driver and driver version used for the
hardware platform peripherals can be viewed. No special settings are needed in the
drivers menu.

Select the cpu menu. This menu includes processor driver parameters that can be
changed, including the compiler that is used for libraries and applications, and any
extra compiler flags that are needed for compilation. No special settings are needed in
the cpu menu.

Click OK. The BSP and application are recompiled.

After the hello_world bsp_0 BSPand hello_world 0 applications are
compiled, expand the microblaze_0 section of hello_world_bsp_0 in the Project
Explorer tab as shown in Figure 5.

17 Project Explarer &3 =0

(T

%, Binaries
[nit Inchudes
= Debug
= Release
= sro
#- [ helloworld.c
+ platfarm_config.h
#- || platform.c
+ platfarm.h
E Iscript.id
= @ hello_world_bsp_0
#- 1 BSP Documentation
== microblaze_0
= code
#- = include
#- = lib
H- = libsrc
Bl libgen.log
Iﬂ libgen.options
@ Makefile
[k system.mss
= B Fw_platForm
\=| system_bd.bmm
\=| system.bit
Lk system.xml

D e B E

i O = hella_world_0
UG915_05_072712

Figure 5: Hello World Project Source Code Files

The code, include, 1ib, and 1ibsrc folders contain the libraries for the hardware
peripherals in the reference system. In this view, files can be opened by double-clicking
them.

17. Expand the src section of hello_world_0 in the Project Explorer tab, also shown in

Figure 5. The source code of the Hello World application project is stored here.
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18. Double-click the helloworld.c file. The file opens in the SDK Editor window. The file
can be modified as needed.

Note the Iscript.ld file in the helloworld project. This file is the linker script that was
generated for the helloworld project. A linker script is required to specify where the
software code is loaded in the hardware system memory.

Running the Hello World Software Project

After the Hello World application is created and built, it can be run on the KC705 board.
Follow these steps to program the FPGA and run the Hello World application:

1. The FPGA must be programmed with the hardware configuration bitstream before the
software application can be run. Program the FPGA with these steps:

a. In the SDK, select Xilinx Tools > Program FPGA.

b. Ensure thatthe system.bit and system_bd.bmmn files are selected from
Tutorial_Sandbox\SW\board_test_app\SDK_Workspace\hw_platform\. Leave
the initialization ELF as bootloop. Bootloop keeps the processor in a known state
while it waits for another program to be downloaded to run or be debugged. These
settings are shown in Figure 6.

-

Program FPGA

Program FPGA
Specify the bitstream and the ELF files that reside in BRAM memory

Hardware Configuration
Hardware Specification: CAKINTEX7_PRODN\KCI05_Embedded_Kit\Tutorial_Sandbox\SWh\board_test_app\SDK_Workspacelhw_platform\system.xml

Bitstream: k::\KINTE)G"_P RODMN\KCT05_Embedded_Kit\Tutorial_Sandbox\5Whboard_test_app\SDK_Workspace\hw_platform\\system.bit Browse..

BMM File:  C:\KINTEX7_PRODN\KCT05_Embedded_Kit\Tuterial_Sandbox\SW\board_test_app\SDK_Workspace\hw_platform\system_bd.bmm

Software Cenfiguration

Processor ELF File te Initialize in Block RAM

microblaze 0 bootloop -

e

'\‘?,' Program ] I Cancel

UG915_06_072512

Figure 6: Program FPGA Options

c. Click Program to program the FPGA. SDK confirms when the FPGA is
successfully programmed with the bitstream.

2. In the SDK, build configurations allow different versions of executables to be built
with different settings. Each build configuration can customize compiler settings,
macros passed for compilation, and linker settings. SDK provides two build
configurations: Debug and Release.

The application uses the Release configuration to run without debugging. Right-click
the hello_world_0 application in the Project Explorer tab and select Build
Configurations > Set Active > Release. The hello_world_0 application is rebuilt
for the Release configuration.
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In the Project Explorer tab, right-click hello_world_0 and select Run As > Run

Configurations.
In the Run Configurations box, select Xilinx C/C++ ELF and click the New button to

create a new Run configuration as shown in Figure 7.

& Run Configurations @
Create, manage, and run configurations ;5

=l :{=:D = Configure launch settings from this dialog:

| ,_'? - Press the 'Mew' butkon to create a configuration of the selected tvpe,

E C/C++ Application |iZ| - Press the 'Duplicate’ button to copy the selected configuration,

CC4++ Remake Application
E Lell:unch Group BE # - Press the 'Delete’ button ko remove the selected configuration,
B remate ARM Linux Applical g

$7 vilire Cjc+ ELF
- Edit ar wiew an existing configuration by selecting it

- Press the ‘Filker' button to configure Filkering options,

Configure launch perspective settings from the Perspectives preference page.,

b |

Filker matched 5 of 5 ikems

@

Close

UG915_07_072312

Figure 7: New Run Configuration

Populate the Main tab of the new run configuration with these selections:

5.
e Name: hello_world_0 Release
¢ Project: hello_world_0
¢ Build Configuration: Release
e (C/C++ Application: Release/hello_world_0.elf
6. Click the STDIO Connection tab and click the Connect STDIO to Console checkbox

to enable the STDIO of the program to go to the SDK Console window. Set the COM
port as appropriate for the host computer, and leave the BAUD rate at 9600.
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7. Click Run. An XMD console appears which shows the hello_world_0 application
being downloaded into memory and run.

8. Thehello_world_0 application displays Hello World on the SDK Console, as
shown in Figure 8.

[£1 Problems |+ Tasks | B Console 53 = Properties | &2 Terminal ® % B 0 E M E-r9- =0
<kerminated = board_test_app_Console Debua [Hiline: OfC++ ELF] CHEINTERT _13_4_AxI4_PRODMNKCTOS_Embedded_Kith Tutorial_SandboxiSWiboard_ke

Hello World

UG915_08_072512

Figure 8: Hello World Output

Board Test Software Application Design Flow

Rather than creating a new BSP or application, the existing BSP and application provided
with the embedded kit reference system can be imported into the SDK. This provided
application is called board_test_app and exercises various hardware peripherals on
the KC705 board.

The board test app application for KC705 can be built for two modes: Console mode and
Webserver mode.

Console Mode

In Console mode, the KC705 system is built based on a stand-alone environment. The
application comes up with a menu appearing in the UART console. The user can select the
test applications in the console by entering the test number and pressing Enter to run the
test on target. The KC705 board runs the selected test. The results of the tests are displayed
on the console. It is a simple design to start with.

The BSP called board_test_app_Console_platformis provided for the application
built in Console mode.

Webserver Mode

In Webserver mode, the KC705 system is built based on xilkernel OS and light weight IP
(Iwip) stack. The target supports Webserver and is configured with a static IP address.
When the host computer is connected to the KC705 target with an Ethernet cable and
browsed with the static IP address, a Web page appears on the host computer with the
board test applications menu. The user can select the test applications in the Web page and
click to run the selected test on the target. The KC705 board runs the selected test, posts the
results of the board test to the host computer, and the results are displayed in the Web

page.
A BSP called board_test_app_Webserver_platformis provided for the application
built in Webserver mode.
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Board Test Software Application and BSP (Console Mode)

This section describes the board_test_app_Console design flow. This section of the
tutorial uses the SDK workspace previously created in Stand-Alone Software
Development, page 12.

The design flow for the board test software application (Console mode) includes:

Importing the Board Test Software Application and BSP (Console Mode), page 19
Board Test BSP (Console Mode) Settings , page 21

Running the Board Test Software Application (Console Mode), page 22

Tests in the Board Test Application (Console Mode), page 22

Importing the Board Test Software Application and BSP (Console Mode)

The SDK can import existing SDK projects into an SDK workspace. The application
(board_test_app_Console) and BSP (board_test_app_Console_platform) are
imported into the SDK workspace by following these steps:

1. Inthe SDK, select File > Import.

2. In the Import wizard, expand the General folder and select Existing Projects into
Workspace. Click Next.

3. To specify the root directory from which software projects are to be imported, click
Browse... and specify the location where the software projects are stored. For this
reference system, the board_test_app_Console and
board_test_app_Console_platform project are stored under
Tutorial_Sandbox/SW/board_test_app. That directory should be specified as
the root directory. Then click OK.

4. After theroot directory is specified, the Import wizard shows a list of projects available
to import, as shown in Figure 9. Make these selections:

a. Ensure that the board_test_app_Console and
board_test_app_Console_platform projects are selected. Select only the
two projects mentioned. Do not select the remaining projects. They are described
in following sections.

b. The provided hardware platform project (hw_platform) is the same as the
hardware platform project created in Creating a New BSP and Stand-Alone
Software Application Project, page 14. If that section of the tutorial has been
completed, the hw_platform project appears grayed out because it already has
been created in the SDK workspace. If that section of the tutorial has not been
completed, select the hw_platform project to import.

c. Thehello_world_0Oand hello_world_bsp_0 projects were created in
Creating a New BSP and Stand-Alone Software Application Project, page 14. They
appear grayed-out because they already exist in the SDK workspace (as long as
that section of the tutorial is complete).

The project board_test_app_Webserver and
board_test_app_Webserver_platform are practiced in the following
section, so do not select these projects.

d. Select the Copy projects into workspace checkbox to make a local copy of the
projects in the workspace when the import is done.

When a BSP is imported into a workspace, the SDK looks for a hardware platform

project in the system. When a software application is imported into a workspace, the
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SDK looks for a hardware platform project and a BSP in the workspace. This is why the
board_test_app_Console project must be imported into an SDK workspace that
includes the board_test_app_Console_platform BSP and hw_platform

project.
Note: The projects in the Import wizard might appear in a different order than shown in
Figure 9.

Import . ® . - ‘ ™

Import Projects

I', Some projects cannot be imported because they already exist in the workspace

I ok

(@ Select root directory:  CMKINTEXT_PRODN\KCT05_Embedded_Kit\Tutorial_Sandbox\SWhboard_test_app Browse...
(7) Select archive file: Browse...
Projects:

board_test_app_Console (CAKINTEXT_PRODM\KCT05_Embedded_Kit\Tutorial_Sandbox\5Whboard_test_app\board_test_app_Console) Select All

board_test_app_Console_platform (CAKINTEX7_PRODM\KCT05_Embedded_Kit\Tutorial_Sandbeox\SWhboard_test_app'\board_test_app_Conscle_platform)

[7] board_test_app_Webserver (C:AKINTEX7_PRODN\KC705_Embedded_Kit\Tutorial_Sandbo:x\SWhboard_test_app\board_test_app_Webserver) Deselect All

[7] board_test_app_Webserver_platform (C\KINTEXT_PRODN\KCT05_Embedded_Kit\Tutorial_Sandbox\SW\board_test_app\board_test_app_Webserver_platform)

oo@O

Copy projects into workspace
Working sets
[] Add project to working sets

Select...

)

CJ Mext = Finish ] ’ Cancel
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Figure 9: Import the Board Test Application and Platform

5. Click Finish. SDK imports the selected projects. The BSP and software application are
compiled during the import process.

6. After the application and platform are imported and compiled, they appear in the
Project Explorer tab, as shown in Figure 10.
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= ::E- board_test_app_Console
+ :ﬁ,‘f Binaries
H- il Includes
+[= Debug
+- = Release
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= fﬂl—} board_test_app_Zonsole_platform
+- 1 BSP Documentation
== microblaze_0
= code
+- [ include
H = lib
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Makefile
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=3 hy_platForm
m syskem_bd,brm
syskem, bit
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Figure 10: Board Test Application (Console Mode) and Platform Directory
Structure

Board Test BSP (Console Mode) Settings

The board test BSP is similar to the Hello World BSP created in the Creating the Hello
World Software Project and BSP, page 14, except that the board test BSP is set to use the
xilflash library.

1. To view the BSP settings, right-click board_test_Console_platform and select Board
Support Package Settings. The Supported Libraries Selection in the Overview menu
should show a checkmark next to the xilflash library indicating its use.

The xilflash library provides read, write, erase, lock, and unlock functionality to
access a parallel flash device. The xilflash library supports Intel and AMD
Common Flash Interface (CFI) compliant flash memory devices.

2. Select the XilFlash menu, which appears under the standalone menu. The xilflash
library can be configured in this menu.

3. Click Cancel to exit the Software Platform Settings.
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Running the Board Test Software Application (Console Mode)

After the board test application and platform are imported and built, the application can be
run on the KC705 board. Follow these steps to set up the serial terminal console, program
the FPGA, and run the board test application:

1. The FPGA programming is done as described in Running the Hello World Software
Project, page 16.

Set the configuration to Release, as done in Running the Hello World Software Project.

Start Run Configurations and select files as done in Running the Hello World Software
Project, (step 5) except the project files are:

e Name: board_test_app_Console Release
* Project: board_test_app_Console
e C/C++ Application: Release/board_test_app_Console.elf

4. Set the STDIO Connection settings as done in Running the Hello World Software
Project (step 6).

5. Click Run. Theboard_test_app_Console application displays the test menu to the
terminal screen. The output is show in Figure 11.

|51 Problems | ¥ Tasks & consale 22 E Properties .5',3 Terminal J'Search @XMD Console =g

board_test_app_Console Debug [Biling &fC++ ELF] Ciug913_14_1_Update_aAxI4_PRODMKCZ0S_Embedded_KitykC705_System|Shwiboz
= « 0B E|E) B9

oo o o o o o o o ol o

g i i e e e e e i e e e e e i i i e e e e e

" Zilinx EKintex-7 FPGL KC705 Evaluation Kit "

g i i e e e e e i e e e e e i i i e e e e e

ool ol o o o ol o o o o o

#% Hilinx Kintex-7 BIST MENU E

Choose Feature to Test:

[1] uartc [2] led

[3] iic [4] flash

[5] titer [6] rotary switch

[7] =switch [8] =2d card

[2] 1led [4] =ade

[E] button [C] ethernet loophack

[[] ddr3 external memory (16ME)

[E] ddr3 external memory (complete)
[F] bram internal memory

[0] Exit

UG915_11_073012

Figure 11: Board Test Application (Console Mode) Menu

Tests in the Board Test Application (Console Mode)

This section describes the tests included in the board test application. These tests are not
extensive tests. They exercise the basic functionality of the hardware peripherals in the
embedded kit reference system.
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Table 3 describes the tests available in the board_test_app application.

Table 3: Summary of Tests in the Board Test Application

Menu I
Selection Test Description
1 UART test Prints Hello World! to the terminal.
2 LED test Flashes the LEDs on the board.
3 1IC test Uses IIC to write to the EEPROM, read the data
s back, and compare the data.
Tests flash memory by erasing a block in flash
memory, writing to that block, reading the data
4 Flash test back, and comparing the data. Uses the
xilflash library.
. Initializes a timer counter and allows it to expire
5 Timer test .
and generate an interrupt.
Rotary switch that supports detection of left turns,
6 Rotary test right turns and switch press is tested.
7 Switch test Reads the value of the switches and prints out the
ON/ OFF state of each switch.
Writing and reading blocks from the Secure Digital
High Capacity (SDHC) card is tested. The
hardware and software driver IPs are provided by
8 SD Card test Xylon.
Note: Back up the SD card content before this test
because this test overwrites a few blocks on the SD
card.
9 LCD test D1§plays amessage on the LCD. The LCD supports
2 lines with 16 characters per line.
A XADC test Reads current on-chip temperature and on-chip
voltages (Ve and Vecaux)-
B Button test Recognizes each pushbutton press.
C Ethernet loopback test Sets the EtherneF PHY toloopback mode and sends
and receives a single frame.
D External memory test | Writes and reads test patterns to a small chunk of
(minimal) memory in the DDR3 SDRAM.
External memory test Writes and reads test patterns to complete memory
E y in the DDR3 SDRAM. This test takes a few minutes
(complete)
to complete.
Block RAM memory Writes and reads test patterns to internal block
F
test RAM memory.
0 Exit Exits the board test application.
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Board Test Software Application and BSP (Webserver Mode)

This section describes the board_test_app_Webserver design flow. This section of the
tutorial uses the SDK workspace previously created in Stand-Alone Software
Development, page 12.

The design flow for the board test software application (Webserver mode) includes:

* Importing the Board Test Software Application and BSP (Webserver Mode), page 24
* Board Test BSP (Webserver Mode) Settings, page 26

* Running the Board Test Software Application (Webserver Mode), page 29

* Tests in the Board Test Application (Webserver Mode), page 31

Note on the MFS Library

The software platform for the board_test_app_Webserver contains a built-in
memory-based file system (MFS). The MFS image contains the HTML, JavaScript, and
SVG files that are used as part of the Web server. The prebuilt library file 1ibmfsimage.a
is located in . /memfs folder. And the source files for the same are located in . /memfs/
memfs_files folder.

The binary image of the MFS library (1ibmfsimage. a) is part of the source files and
linked to the ELEF. If the developer would like to make changes to any of these HTML,
JavaScript, or SVG files, the files should be modified in the . /memfs/memfs_files

folder and a new libmfsimage. a file should be created.

Refer to the following files on how to build the libmfsimage.a file.

e Linux:./memfs/make_libmfsimage
e  Windows:. /memfs/make_libmfsimage.bat

Note: The Xilinx SDK path must to be set appropriately before executing the scripts.

Importing the Board Test Software Application and BSP (Webserver Mode)

The SDK can import existing SDK projects into an SDK workspace. The application
(board_test_app_Webserver)and BSP (board_test_app_Webserver_platform)
are imported into the SDK workspace by following these steps:

1. Importing the board_test_app_Webserver project is similar to the
board_test_app_Console project described in Importing the Board Test Software
Application and BSP (Console Mode), page 19.

2. Inthe Import wizard, select board_test_app_Webserver and
board_test_app_Webserver_platform projects.

Note: The projects in the Import wizard might appear in a different order than shown in
Figure 12.
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(@ Select root directory:  CAKINTEX7_PRODN\KCT705_Embedded_Kit\Tutorial_Sandbox\5W\board_test_app Browse...
() Select archive file: Browse...
Projects:
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]

B Deselect All

s

board_test_app_Webserver (CAKINTEXT_PRODN\KCT05_Embedded_Kit\Tutorial_Sandbox\5Whboard_test_app\board_test_app_Webserver)

board_test_app_Webserver_platform (CAKINTEXT_PRODN\KCT705_Embedded_Kit\Tutorial_Sandbox\5W\board_test_app'\board_test_app_Webserver_platform)

]

O

0

0

Copy projects into workspace
Working sets
[T Add project to working sets

Select...

@) MNext > Finish J [ Cancel
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Figure 12: Import the Board Test Application and Platform

3. Click Finish. The SDK imports the selected projects. The BSP and software application
are compiled during the import process.

4. After the application and platform are imported and compiled, they appear in the
Project Explorer tab as shown in Figure 13.
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Figure 13: Board Test Application (Webserver Mode) and Platform Directory

Structure

Board Test BSP (Webserver Mode) Settings

The board test BSP is not like the board_test_app_Console BSP created in the Board
Test BSP (Console Mode) Settings , page 21. This BSP is based on the xilkernel OS and is set
to use the Iwip140, Xilinx memory file system (xi1lmfs), and xilflash libraries.

1. To view the BSP settings, right-click board_test_Webserver_platform and select
Board Support Package Settings. The Supported Libraries Selection in the
Overview menu should show a checkmark next to the lwip140, xilflash, and xilmfs
libraries indicating their use.

The lwip140 library provides the connectivity part of the Web server over Ethernet.
The Iwip140 is set to SOCKET_API mode.
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42 Board Support Package Settings

Board Support Package Settings

Control various settings of your Board Support Package. &

board_test_app_Webserver_platform

=1 xilkernel
lesip 140
xilflash
xilmfs
=) drivers
cpu

The xilmfs library supports the MFS on the KC705 board. The Web page
(index.html and associated content files) are stored on the target in the form of an
MFS image. When the system starts execution, the xilmfs library reads this MFS
image and extracts the Web page content files.

The xilflash library provides read, write, erase, lock, and unlock functionality to
access a parallel flash device. The xilflash library supports Intel and AMD
Common Flash Interface (CFI) compliant flash memory devices.

05 Type:  xakamned Hilkernel is & simple and lightweight kernel that provides POSTY style services such as scheduling, threads,
i synchronization, message passing and timers, The kernel requires a programmable timer that is either built-in or
05 Yersion: attached to the processar as a peripheral,

Target Hardware
Hardware Specification: C:ug913_14_1_AxId_PRODMKCT0S_Embedded Kit\KC70S_Syvstem!SwiS0E_Workspacethw _platformtswstem, xml
Processor: microblaze_0

Supported Libraries

Check the box next ta the libraries vou want included in wour Board Suppaort Package. ¥ou can configure the library in the navigatar on the left,

Marne ‘ersion Description
Iwip140 1.01.a TP TCPYIP Stack library: wIP w1.4.0, ¥ilinx adapter +1....
[ xifFatfs 1.00.a Provides read/write routings to access files stored on a F...
wilflash 301.a sl Flash library For IntelfaMD CFI compliant parallel flash
[ xilisf Z.04.a3 Sl In-swstem and Serial Flash Library
wilmfs 1.00.a silin: Memory File Syskem
o
@) Ok, l [ Cancel
UG915_14_072512
Figure 14: BSP Overview
Note: The versions of the supported libraries shown in Figure 14 might vary depending on the
SDK tool version.
2. Select the xilmfs menu, which appears under the xilkernel menu. The numbytes
(maximum image size) is set to 266000 bytes and base address of the mfs image is set
to 0xB0000000 (see Figure 15).
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4 Boand Support Package Settings

Board Support Package Settings
Control various settings of your Board Support Package.
=1 Cverview
= xilkernel Configuration Far ibrary:  xilmfs
Iwipl40
;?;IFITash ame ‘alue Default Type Description
e rumbrykes ZAA000 100000 integer Mumber of Byvtes
= dri'v'rs 2 base_address OxBO000000 Q10000 integer Base Address
cpu init_type MFSINIT_MEW MFSIMNIT_MEW Enun Init Type
need_utils false false boolean Meed additional Litilities?

| -~

Y

@ K, ] [ Caniel
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Figure 15: BSP xilmfs Settings

3. Select the Iwip140 menu, which appears under the xilkernel menu. Select the API
mode SOCKET_API.

4. Select the xilflash menu, which appears under the xilkernel menu. The xilflash
library can be configured in this menu.

5. The xilkernel settings need a few changes as shown in Figure 16.
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Board Support Package Settings
Contral warious settings of your Board Suppart Package. (@‘
= Overview
- xilkernel Configuration for O5:  wilkernel
I:;;::T;;D Mame Yalue Default Type Deescription
e art_1 E Specify the instance name of the standard input peripheral I
= drivers skdout R5232_Uart_1 nane peripheral Specify the instance name of the standard output peripheral
hu sysinkc_spec Inkerrupt_Cntle naone peripheral Specify the instance name of the interrupt controller device driving s...
= systmr_spec true true baolean Configure kernel timer parameters
syskmr_dew Dual_Timer _Counter nane peripheral Specify the instance name of the kernel timer device (Micrablaze only):
systmr_freq 100000000 100000000 integer Specify the dack frequency of the kimer {Hz), For PPC it is the PPC4...
syskmr_interval 10 10 integer Specify the time interval For each kernel tick {in miliseconds), This ca...
[= config_pthread_support true true boalean Configure pthread support in the kernel
max_pthreads 40 10 integer Maximurn number of simultaneous threads that can be handled by th...
pthread_stack_size 32768 1000 integer Size of the stack ta be allocated for each thread
canfig_pthread_mutesx true false baolean Configure pthread mutex lack support in the kernel
ma_pthread_mutex 20 10 integer Maximurn number of mukex locks allocated and supported by the ker ...
ma_pthread_mutex_waitq 20 10 integer Length of each mutex lock's walt queue. Cantrols the maximum the n...
static_pthread_table {imain_thread, 1)) array Static specification of pthreads. These threads will be created at Xilk. ..
= config_sched true true boalean Configure the scheduling scheme used by the kernel
sched_type SCHED_RR SCHED_RR Enum Choose the global kernel scheduling policy
n_prio 32 32, inkeger The number of priotity levels if scheduling is priority based
max_readyq 20 10 inkeger Length of each Ready). This is the maximum number of processes k...
(= config_time true false boolean Configure timeftimer related Feature support in the kernel
max_tmrs 20 10 inkeger Maximurm number of soft timers that will be supported by the kernel ...
(= config_sema true false boolean Configure semaphore support in the kernel
max_sem 20 10 inkeger Maximurm number of semaphores allocated and supported by the ker. ..
max_sem_waikg 0 10 inkeger Length of each semaphore's wait queue, Controls the maximum the ...
config_named_sema False false boolean Configure named semaphore suppart in the kernel, This is an enhanc. ..
config_msgq False false boolean Configure message queue support in the kernel
[ false false boalean Configure shared memary support in the kernel
B« false false boolean Configure buffer memoary pool allocation support in the kernel
B« false false boolean Copy O5 files to user specified directory
B« false false boolean Control warious debugging Features of the kernel
= enhanced_features true false boolean Configure enhanced features of the kernel
canfig_kill False false baolean Include the Kill() Function. Enables kiling processes dynamically
canfig_yield true false baolean Include the vield{) function. Makes the current process vield ta the n...
@
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Figure 16: BSP xilkernel Settings

6. Click Cancel to exit the Software Platform Settings.

7. The imported project comes with all the above settings and the user need not change
any settings to start with.

Running the Board Test Software Application (Webserver Mode)

Before executing the application, the user needs to set up the Ethernet connection on the
host computer, so that the Web server can execute. The KC705 board is configured to the
static IP address of 192.168.1.10.

1. Connect the KC705 board and host computer with an Ethernet cable.
2. On the host computer, set the Ethernet IP address to the static address as follows:
a. Click Start > Control Panel > Network Connections > Local Area Connection.

o)

In the General tab, select Internet Protocol (TCP/IP) and click Properties.
Select Use the following IP address.

Enter this address in IP address area: 192.168.1.100.

Enter this address in Subnet mask area: 255.255.255.0.

Click OK.

o a0
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After the board test application and platform are imported and built, the application can be
run on the KC705 board. Follow these steps to set up the serial terminal console and Web
browser, program the FPGA, and run the board test application:

1. The FPGA programming is done as described in Running the Hello World Software
Project, page 16.

2. Set the Build Configuration to Release, as done in Running the Hello World Software
Project.

3. Start Run configuration and select files as done in Running the Hello World Software
Project, except the project files are as listed here:

e Name: board_test_app_Webserver Release
e Project: board_test_app_Webserver
e C/C++ Application: Release/board_test_app_Webserver.elf

4. Set the STDIO settings as done in Running the Hello World Software Project. Click
Run. The board_test_app_Webserver application displays messages on the
terminal screen. The output is shown in Figure 17.

[i Problems | 4= Tasks | B Consale £2 =1 Properties .5‘9 Terminal 1 ] ® @A & #B-r5-70
board_test_app_Webserver Debug [Xilinx CfC++ ELF] Cilids_15.4_Projectsik?\RevD\BIST_13.4_87xe_3.15_Webserveriboard_test_app_twebserver\Releaselboard_test_app_twebserver.elf [Console connected to COME, 9600 Baud]
TR E AT AT AT AR A AT AT AT AT A AARAATANRTAT AT ANARAATNTATATANT "~
Initislizing MFZ at OxBF2580DC

Done.

filename is index.html

Ret 1

In get_dir_ent_hase

index.html

index.html

Case 20

Located index.html

init_platform done.

xilkernel init..

initialize LWIP

L Thread 1: Weh server "

create network_thread

————— 1wIP Socket Mode Demo Application —----—-—
Board IP: 192.168.1.10

Netmwask : 255.255.255.0

Gateway : 192.168.1.1

Server Port Connect With.

http server 50 Point your webh browser to http://192.165.1.10
auto-negotiated link speed: 1000

w

UG915_17_072512

Figure 17: Board Test Apps (Webserver) Console Output
5. Wait till the last message auto-negotiated link speed: 1000 appears. Now the
Web server is ready to load the content.

6. On the host computer, start the Web browser (Internet Explorer version 8 or 9) and
type http://192.168.1.10 in the address bar, and click Go.

7. The Web server loads the content from target to the host computer. It contains the
menu options for board test apps and a console screen as shown in Figure 18.
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(= Xilinx: XilernelDemonstration over WebServer - Windows Internet Explorer

@.\:}- |g (1192.168.1.10 V|“r ® ‘

File Edit ‘Wiew Favorites Tools Help

i Favorites | 5 [ =] Suggested Sikes ~ | Free Hotmall & | Upgrade Your Browser ~

!@Xilinx:xilKerne\ Demonstration over WebServer ‘ | ﬁ - B =1 Q;q v Page ~ Safety - Tools - @-

»

k2

SXILINX

Hello! This is a demonstration of Embedded Web server created using 1wIP. Using the 1wIP networking stack, a Web
server can be easily embedded into your software application. A Web server provides a method to monitor the
embedded platform via an Internet browser. This example webpage demostrates the BUILT-IN SELF TESTS (BIST)
execute over a webserver. This webpage facilitates to select from the BIST tests and view its result in the
console.

Before select SD test, ensure that SD CARD is plugged intc the card slot.

Eor o s
® UART
@ I2C EEPROM
® TIMER
@ INTERRUPT
DIP SWITCHES
BRAM
LCD
DDR3 DRAM
sD
XADC
ROTARY SWITCH
NAND FLASH
LEDs
PUSH BUTTONS

Brhernec
UAR

ITAC

L ]
L ]
L ]
L ]
]
L ]
L ]
]
*
L ]

[ CONSOLE

@ Copyright 2012 Xilinx Inc.

~

& | >

Dore % Local intranst h v Homs v
UG915_18_073012

Figure 18: Web Page Output when Loaded into Browser
Tests in the Board Test Application (Webserver Mode)

This section describes the tests included in the board test application. These tests are not
extensive tests. They exercise the basic functionality of the hardware peripherals in the
embedded kit reference system.

An example of test execution is described as follows (see Figure 19):

1. Click the radio button DDR3 DRAM.
2. The text windows display Executing DDR3 Test.
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3. After the test is completed, the text window displays the complete test results. DONE
appears at the end.

4. Other tests can be executed in a similar fashion.

linx: XilKernel Demonstration over WebServer - Windows Internet Explorer

o [42] [ ] [= 5ine

Flle Edit Wiew Favorites Toadls  Help

o Favorites | 55 Suggested Sikes = €| Free Hotmal €| Upgrade Your Browser ~

- »
|@thnx: wilkernel Demonstration over WebServer | | Eij A | [l m= v Page~ Safety ~ Tools ~ @-
N
2XILINX
Hello! This is a demonstration of Embedded Web server created using 1lwIP. Using the 1wIP networking stack, a Web
server can be easily embedded into your software application. A Web server provides a method to monitor the
embedded platform via an Internet browser. This example webpage demostrates the BUILT-IN SELF TESTS (BIST)
execute over a webserver. This webpage facilitates to select from the BIST tests and view its result in the
console.
Before select SD test, ensure that SD CARD is plugged inte the card slot.
BUILT IN SELF TESTS (BIST) SETUP
[CONTROL PANEL
® UART
@ 12C EEPROM
® TIMER
@ INTERRUPT
@ DIP SWITCHES
@® BRAM
® LcD
© DDR3 DRAM
Ethernet
® sD UART
ITAG
@ XADC
@ ROTARY SWITCH
@ NAND FLASH
@ LEDs
@ PUSH BUTTONS
CONSOLE
Test Complete Status = SUCCESS o]
TEST4: Testing for Inverse Data at Address
Writing...
Reading...
Test Complete Status = SUCCESS
Number of errors in this pass = 0
axi 7series ddrx test iteration §1 has PASSED!
Total number of errors for all iterations = 0
### Program finished successfully ###
MEM test PASSED
DONE ~
v
< | >
Cone %] Local intranet v HA00m v
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Figure 19: Web Page Output at the End of a Test (Example: DDR3 DRAM)

The test case descriptions mentioned in Table 3 apply here as well.
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Debugging Stand-Alone Software Applications

The SDK provides source-level debugging capabilities. This section introduces these
debugging capabilities, which include viewing the assembly-level code, viewing registers,
setting breakpoints, and stepping into functions.

These steps are included for this exercise on debugging stand-alone software applications:

Importing the Board Test Application and BSP (Console Mode) for Debugging
Creating a Debug Run Configuration

Debugging the Application

Importing the Board Test Application and BSP (Console Mode) for
Debugging

The debugging portion of this tutorial uses the board_test_app_Console software
application and board_test_app_Console_platform BSP as the example software
application and BSP for debugging. If the board_test_app_Console software
application and board_test_app_Console_platform BSP are not present in the SDK
workspace, complete the steps in Importing the Board Test Software Application and BSP
(Console Mode), page 19.

Creating a Debug Run Configuration

1.

To set the application to use the Debug configuration, right-click the
board_test_app_Console application in the Project Explorer tab and select Build
Configurations > Set Active > Debug. The board_test_app_Console application
is rebuilt for the Debug configuration.

Program the FPGA as described in Running the Board Test Software Application
(Console Mode), page 22.

Right-click board_test_app and select Debug As > Debug Configurations.

In the Debug configurations box, select Xilinx C/C++ ELF and click the New button
icon to create a new Debug configuration.

Populate the Main tab of the new debug configuration with these selections:
¢ Name: board_test_app_Console Debug

* Project: board_test_app_Console

¢ Build Configuration: Debug

e C/C++ Application: Debug/board_test_app_Console.elf to select the
executable that was built with the Debug configuration

Set the STDIO settings as done in Running the Hello World Software Project, page 16.

Click Debug. The board_test_app_Console.elf file executable is downloaded to
the board. After the download is successfully completed, the SDK asks for
confirmation to switch to the Debug Perspective. Click Yes in this confirmation box.
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Debugging the Application

The SDK provides facilities to debug an application. Some of these debug facilities are
described here.

Start Debug

When the debug perspective opens, the processor code is positioned at the beginning of
main() and program execution is suspended at the call to ICACHE(), as shown in
Figure 20. The call stack is only one deep because the program is only in the main()
function.

%‘FDehug £3 [ ) i ¥ =0

= ﬂ board_test_app_Console Debug [Kilink CfC++ ELF]
= #MD Target Debug Agent (4712 1:42 PM) (Suspended)
(=g Thread [0] (Suspended)
=1 main() menu.c:115 0
g mb-gdb (47112 1:42 PM)
B CHOKINTEXT _13_4_AxT4_PRODMIKCTOS_Ermbedded kit Tukorial_Sandboo|SwWiboard_test_appiSDK_Workspaceiboard_test_app_ConsoleiDebugiboard_test_app_Console.eff (4/7/12 1:42 PM) [Console connecte

< 4

I system,xml [Ty, system.mss [ menu.c &2 =8
int main{) ~
{
int choice, exit_flag:

4/ for 13.4, 0.857 build
» ENAELE ICACHE();
ENABLE DCACHE();

/% Initialize R3232Z_Uart_1 - et baudrate and number of stop bits #/
//XUartia550_SetBaud (XPAR_RS23Z_UART 1_BASEADDR, XPAR XUARTNSSS50_CLOCK HEZ,

£ UART_EAUDRATE) ;
/fETartis550_ SetlineControlRey (XPAR RS232_ UART 1 BASEADDE,
I XUN_LCR_S_DATA_BITS);

Mrint (M r S R R A R AR AR R R AR AR T AR T AR AR AR AR RS AR AR AR T AR R AR RRARARNFAAIY «
UG915_20_072512

Figure 20: Debug Perspective

Disassembly View

The Disassembly View also shows that execution is suspended at the call to
ENABLE_ICACHE() macro expanded to function microblaze_enable_icache(). If the
Disassembly View tab is not visible, it can be opened by selecting Window > Show View >
Disassembly.

The example Disassembly View in Figure 21 indicates that assembly-level execution is
suspended at the instruction address.
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0= outline |22 Disassembly &3 Enter lacatian here v g &R~ =8
¥ 5f00Zk30: inm O ”~

Sf00Zhi34: brlid ri5, -Z4545 S OxEL£00ckhE0 <wicroblaze enable icache:

Sf00Zh35: or rd, rd, r0O

SE00Zk3c: irgn 0O

Sf002kh40: brlid ri15, -Z4584 S8 0xef00chis <mwicroblaze_enable dcache:

SLo0Zkh44d: or rd, 0, ro

Sf002b4s: imen -289Z26

SEf002b4c: addik r5, r0, 21064

SE002k50: irgn 0O

Sf002b54: brlid r1&5, -27180 Ff DxBf00c1Z2E8 <prints

SEf00Zh5S: or 0, rd, ro

Sf002b5c: imen -289Z26

SEf002ba0: addik r5, r0, 21064

gf002bead: imen O

Sf002bas: brlid r1&5, -27z200 Ff DxBf00c1Z2E8 <print:

Sf00Zhec: or 0, rd, ro

SE£002b70: imen -289Z6

SE002k74: addik 5, 0, 21124

gf002kh78: imen O

SE002b 7o brlid r15, -272z0 Ff DOxBf00c1258 <print:>

SE00ZkhE0: or 0, rd, ro

Sf002bE4d: imen -289Z6

SE002kES: addik 5, ro, 21064

SEf002bE0: irmen O

SEf002bo0: brlid rl15, -27240 Ff DOxBf00c1258 <print:>

Sf002kho4d: or r0, 0, r0

Sf002bo8: imen -289Z6

SE00Zkboc: addik 5, ro, 21154 -

UG915_21_072512

Figure 21: Disassembly View

Registers View

In the Registers View shown in Figure 22, the RPC register (the program counter) contains
the address of the instruction where the program is suspended. If the Registers View tab is
not visible, select Window > Show View > Registers. Click the + preceding Main to
expand and view the registers.
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Line Number View

5= outline |22 Disassembly

Mame

34 Registers &7 =0

=

Walue ~
i}
u]
u]
u]
o]
1]
1]
1]
1]
1]

-677 374464
a

-7 37980168
-2113929216
-915570560
-915570560
-2147453645
-1

ST AT AR AN

Ox8Lf002h30 <main+lex

UG915_22_ 072512

Figure 22: Registers View

In the menu.c file, right-click in the left margin and select Show Line Numbers (as shown
in Figure 23) to see the line numbers in the application source, if the numbers do not

already appear.
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|5 system.xml I lh, sstem.mss |2l menu.e 52 =0

int maini)
i
int choice, exit_flag;

ENAELE_ICACHE (] ;
ENAELE_DCACHE (] ;

Toggle Breakpoint

Breakpoint Types 3
Cuick, Fix Chrl+1

Add Bookmark. ..
Add Task...

Show Quick, Diff Chrl+Shift+0

<

Show Line Mumbers
Falding 3

Preferences...

Jido {

/¢ for 13.4, 0.87 build

lrt_1 - Set baudrate and nuwber of stop bits #/
[PAR_R5232_UART 1 BASEADDR, XPAR XUARTNSSSO_CLOCKE HZ,
[ART_BAUDRLTE] :

ntrolReg (XPAR_RS232 UART 1 BASELDDE,

EUN_LCE_&_DATA_EBITS);

1“1“1"1"1"Tﬂ'ﬂ'ﬂ'ﬁ1“1“1“1"1“1“1“1"1"1"Tﬂ'ﬂ'ﬂ'ﬁ‘***tt*wﬁﬁtﬁ******wﬁx"];
1“1“1"1"1"Tﬂ'ﬂ'ﬂ'ﬁ1“1“1“1"1“1“1“1"1"1"Tﬂ'ﬂ'ﬂ'ﬁ‘***tt*wﬁﬁtﬁ******wﬁx"];
nx Kintex-7 FPGL EC705 Evaluation Kit wEMy
1“1“1"1"1"Tﬂ'ﬂ'ﬂ'ﬁ1“1“1“1"1“1“1“1"1"1"Tﬂ'ﬂ'ﬂ'ﬁ‘***tt*wﬁﬁtﬁ******wﬁx"];

R R R R AR A A AR A AT AR A A AA AR FRRARARARRFFRTA Yy

print ("Choose Feature to Test:irin"):

print ("1: TLRT Test 2
print ("3: IIC Test EH
print ("5: TIMER Test 6: ROTARY Tesatirin™):
print ("7: SWITCH Test i=H

LED Testirin™):
FLASH Testirin™:

3D Testirin™); v

UG915_23 072512

Figure 23: Show Line Numbers

SingleStep/StepOver Execution:

1.

Select Run > Step Over or click the Step Over icon near the Debug tab to move to the
ENABLE_DCACHE() function without going into the ENABLE_ICACHE() function.
Program execution has now suspended at new address location (seen in Disassembly
view /Register view).

Step over all functions until the debugger reaches the first while () loop of main ()
function in menu. c. The application has started to output text to the serial terminal
console. Program execution has suspended at a new address location (seen in the
Disassembly and Registers views).

Breakpoints

Scroll down in the menu. c file to the switch statement.

2. Double-click in the margin of the menu.c window next to the switch statement. This
sets a breakpoint at the switch statement.

3. Confirm that the breakpoint is set by checking the Breakpoints View tab. If the
Breakpoints View tab is not visible, select Window > Show View > Breakpoints.

4. Select Run > Resume or click the Resume icon near the Debug tab to resume program
execution. Observe the output text in the Console that displays the menu of test
choices.

5. The program waits for user input into the serial terminal console. Enter choice 1 into
the serial terminal for the UART Test and press the Enter key.

6. The program runs to the breakpoint. Program execution stops at the new address
location (seen in Disassembly and Registers views).
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View Variables

The switch statement uses the variable named choice. To view the value of the variable,
hover the mouse cursor over it (see Figure 24). If the user input is 1 as mentioned above,
the current value of choiceis 49, which is the ASCII decimal value of the character 1.

| system.xml |l system.mss ] menu.c E3 =0

print (" (Coverage: UART,LED, IIC,Flash, Timer,DIP3W, 3D, LCD, DDRI, BRAM, XADC) Yyrhn™) ~
print ("0: Exitirin"™);
choice = inbyte(]:
if (isalphaichoice)) |
choice = toupper (choice);
}
A4 while (lisdigit (choice)):
®il printf{"schrin®, choice):

switch (choice) |

exit_flag = 1;
break;

case '1':
hello uart (UART EAUDRATE) :
break:;

case 'Z':
hello_ledi):
break:;

case '3':
helln_iic [
break: v

UG915_24_072512

Figure 24: Value of a Variable

Values of variables can also be viewed in the Variables View tab, as shown in Figure 25. If
the Variables View tab is not visible, select Window > Show View > Variables. This view
also shows that the choice variable currently has a value of 49. The exit_flag variable
currently has a value of 0.

()= variables &2 “a Breakpoints @ #MD Console | B Modules =
5B § -
Marme Walue
()= choice 49
()= exit_Flag ]

UG915_25_072512

Figure 25: Variables View
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Step over the switch statement to reach the hello_uart() function call. Program execution
has now suspended and the Disassembly View is updated with the new location address.

View Constant Values

Highlight UART_BAUDRATE with the mouse and right-click. Select Open Declaration as
shown in Figure 26.

| F system.xml | il system.mss ] menu.c &2 =0

®xil printf("schrin”, choice); ~

switch (choice)

case '0';:
exit flag = 1;
break; Open Declaration F3

case '1': Open Type Hierarchy Fd
hello uart |BENREEN) Open Call Hierarchy Chrl+Alt+H
break; Cuick Outline Chrl+0

case 'Z': ) )
hella led(): Quick Tvpe Hierarchy Chrl+T
hreak: Explare Macro Expansion Chrl+=

case '3': Toggle Source/Header Chrl4+Tab
hella iic(): Shaowe In Al+Shift+w b
break; cut Chrlx

case '4': Copy Chl+C
hello_tlashi): Paste Chrii
break:;

case '5': Cuick Fix Chrl+1
hello_timer(]; Source Al+shift+s  #
break; Surround With Alc+3shift+2 - »

case '6': Refactor 3
hello _rotaryi):
break: Declarations 3

case '7': References 3 S

Searrh Tawt 3

UG915_26_072512

Figure 26: Open Declaration of UART Parameter

The menu . h file opens with UART_BAUDRATE highlighted. As shown, the UART baud
rate is 9600. Close the menu . h file.

Continue Execution

1. Select Run > Step Into or click the Step Into icon near the Debug tab to move into the
hello_uart () function. The hello_uart.c file opens and shows that the
program is now in the hello_uart () function. The call stack is now two deep
because main () called hello_uart() to get to the current program location.

2. Select Run > Resume or click the Resume icon near the Debug tab and the Console
displays the board_test_app menu. The program is again waiting for user input.

End of Debug

Enter choice 0 into the serial terminal to choose the EXit option.

2. Resume program execution to run the program to conclusion. When the program is
finished executing, the Debug View tab shows that the program has suspended in an
exit routine, which occurs when running under the control of the debugger.

3. Observe the output text in the terminal serial program that indicates that the program
has run and exited.
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4. To terminate the Debug session, click the Terminate icon by the Debug tab or select
Run > Terminate.

5. To exit and close the Debug perspective, select Window > Close Perspective from the
Debug perspective.

Profiling Stand-Alone Software Applications

SDK supports the capability to profile a program running on embedded hardware. The
profiling method is software-intrusive meaning the execution flow of the program is
altered so that the profiling data can be collected.

These steps on profiling stand-alone software applications are included for this exercise:

¢ Importing the Board Test Application and BSP for Profiling
e Hardware System Requirements for Profiling

* Creating a BSP for Profiling

* Setting Up the Software Application

e Creating a Profile Run Configuration

¢ DProfiling the Application

Importing the Board Test Application and BSP for Profiling

The profiling portion of this tutorial uses the board_test_app_Console software
application and board_test_app_Console_platform BSP as the example software
application and BSP for profiling. If the board_test_app_Console software
application and board_test_app_Console_platform BSP are not present in the SDK
workspace, complete the steps in Importing the Board Test Software Application and BSP
(Console Mode), page 19.

Hardware System Requirements for Profiling

Profiling an application requires that interrupts are raised periodically to sample the
program counter value. The reference system provided with this embedded kit includes
the axi_timer core with the timer interrupt signal connected to the processor through an
interrupt controller. This configuration satisfies the hardware requirements for program
profiling.

Creating a BSP for Profiling

The BSP must have profiling support enabled. An existing BSP can be changed to have
profiling support. To create a new BSP that has profiling support:

1. The board_test_app_Console_platform BSP is used, but it must be modified.
To preserve the original application, create a new BSP that is based off of
board_test_app_Console_platform as follows:

a. Right-click board_test_app_Console_platform and select Copy.
b. Right-click board_test_app_Console_platform and select Paste.

c. Give the new application the name board_test_app_Console_platform_profile
and click OK. This creates a copy of the board_test_app_Console_platform
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application called board_test_app_Console_platform_profile in the
workspace.

Note: The paste operation copies all files to the new project. These files can include tool-generated
files (such as *.elf, * .o, and so on) with old project names. The new project clean/build operations
do not remove them. They can be removed manually or ignored.

2. After the new BSP is created, right-click board_test_app_Console_platform_profile
and select Board Support Package Settings.

3. Select the standalone menu. Make these changes:
a. Expand the menu at enable_sw_intrusive_profiling.
b. Setenable_sw_intrusive_profiling to true.
c. Set profile_timer to Dual_Timer_Counter.
The Board Support Package Settings are shown in Figure 27.

43 Board Support Package Settings E

Board Support Package Settings

Control warious settings of your Board Support Package.

= Creerview

= standalane Configuration For O5: standalone
IFlash
o driv;s == Tame Walue Default Type Description
cpu skdin RS232_Uart_1 none peripheral stdin peripheral
skdout RS232_Uark_1 none peripheral stdout peripheral
= enable_sw_intrusive_profiling true false boalean Enable SfW Inkrusive Profiling on He
profile_timer Dual_Timer_Counter peripheral Specify the Timer o use for Profiling

microblaze_exceptions false False boolean Enable MicroBlaze Exceptions
< I >

@ OK ] [ Cancel

UG915_27_072512

Figure 27: Profiling Board Support Package Settings

4. Click OK to save changes and exit the Board Support Package Settings window. SDK
rebuilds the software platform.
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Setting Up the Software Application

The software application project to be used for the profiling exercise is the
board_test_app_Console application project provided with the embedded kit. Follow
these steps to prepare the board_test_app_Console application for profiling:

1. Theboard_test_app_Console application is used, but must be modified. To
preserve the original application, create a new software application project that is
based off of board_test_app_Console by following these steps:

a. Copy board_test_app_Console and paste it with name
board_test_app_Console_profile (similar to step 1 under Creating a BSP for
Profiling, page 40).

2. Theboard_test_app_Console_profile application needs to be associated with
the BSP that was created for profiling. To do this, follow these steps:

a. Right-click board_test_app_Console_profile and select Change Referenced

BSP.
b. Select board_test_app_Console_profile.
c. Click OK.

After compilation, the Project Explorer tab looks similar to Figure 28.

L™ Project Explarer &3 — <§> ¥ =0

] board_test_app_Console
+ @ board_test_app_Console_platform
= @ board_test_app_Consale_platform_profile
#- 1 B3P Documentation
+-[= microblaze_0

[l libgen.log

@ libgen. options

PMakefile

Lk, swstem.mss
= ‘_ﬁ board_test_app_Console_profile
9?,‘_,; Binaries
(5} Inchudes
[= Debug
[ Release
= src
+ =% board_test_app_‘Webserver
+ @ board_test_app_Webserver_platform
#1125 hello_world_0
T hello_waorld_bsp_n
+ {S s _platForm

T e B iy

UG915_28_072512

Figure 28: Profiling Application Directory Structure
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3. Theboard_test_app_Console_profile software application must be compiled
for profiling, with the -pg switch enabled. Follow these steps:

a.
b.
C.
d.

Creating a

Right-click board_test_app_Console_profile and select Properties.
Expand C/C++ Build and click the Settings menu.

Under MicroBlaze gcc compiler, click Profiling.

In the Profiling menu, select the checkbox for Enable Profiling (-pg).
Click OK and the application is rebuilt.

Profile Run Configuration

The next step to preparing the application project for profiling is to create a profile Debug
configuration. This configuration enables and sets up profiling for the application. After
profiling is enabled and set up, the application can be run and profiled.

1. Program the FPGA as described in Running the Board Test Software Application
(Console Mode), page 22.

2. Right-click board_test_app_Console_profile and select Run As > Run
Configurations.

3. In the Run configurations box, select Xilinx C/C++ ELF and click the New button icon
to create a new Run configuration.

4. Populate the Main tab of the new debug configuration with these selections:

Name: board_test_app_Console_profile Debug
Project:board_test_app_Console_profile
Build Configuration: Leave it default (Debug or Use Active)

C/C++ Application: Debug/board_test_app_Console_profile.elf to select the
executable that was built with the Debug configuration

Set the STDIO settings as done in Running the Hello World Software Project, page 16.

Click the Profile Options tab, which allows you to specify the profiling parameters.
The profiling parameters are described in Table 4. Use these selections:

a.
b.
c.
d.

Table 4: Profiling Parameters

Enable Profiling: Click the checkbox to select Enable Profiling
Sampling Frequency (Hz): 10000

Histogram Bin Size (words): 4

Scratch memory address to collect profile data: 0x90000000.

Parameter

Description Setting

Sampling frequency (Hz) | The frequency in which timer interrupts are | For this example, the default value is used.
generated. When a higher frequency is set, more data

samples are obtained, which provides more
accurate profiling results, but is more
software-intrusive because of the number of
interrupts resulting in interrupt calls to
collect profiling data.
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Table 4: Profiling Parameters (Contd)

Parameter

Description

Setting

Histogram bin size
(words)

The program text region is divided into
multiple bins. The bin size determines how
accurate the program counter location is in
the data sample.

In this example, the default value is used. A
smaller bin size divides the program text
region into a large number of small bins.
This smaller bin size allows a more accurate
sample, but requires a large amount of
memory space to store the profile data. A
larger bin size is less accurate, but requires
less memory space to store profile data.

Scratch memory address
to collect profile data

The scratch memory address indicates
where in memory the profile data is stored.
This memory must lie outside the program
memory area and should not be
overwritten.

In this example, the scratch memory is set to
an address in the internal block RAM.

9.

Click Run. The application output appears in the Console.

The program waits for user input into the serial terminal console. Enter choice C to run

the Ethernet test.

After the Ethernet test is complete, enter choice 0 to exit the application.

Profiling the Application

1.

After the application completes, SDK confirms that the profiling results have been
saved in /board_test_app_Console_profile/Debug/gmon.out. Click OKin
the confirmation box. The gmon . out file appears in the Project Explorer tab, as shown
in Figure 29. To view the profiling results, double-click the gmon . out file in the

Project Explorer tab.
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L™ Project Explorer 23 — <,1=‘=£> ¥ =0

= board_test_app_iZonsole
@ board_test_app_tConsole_platForm
@ board_test_app_iZonsole_platForm_prafile
SRR oard_test_app_Console_profile
%%, Binaries
[a Includes
== Debug
= src
%31 board_test_app_Zonsole_profile.elf - [nonefle]
f& board_kest_app_Console.elf - [none/le]
\Z| board_test_app_Console_profile, elf . elfcheck.
\=| bioard_test_app_Conscle_profile, elf, size
\=| board_test_app_Console.elf, elfcheck.
\Z| board_test_app_iZonsole.elf. size
& gron.out
rnakefile
objects.mk.
sourCes. ik,
= Release
[ src
= board_test_app_Webserver
@ board_test_app_‘Webserver_platform
=5 hello_world_0
@ hella_world_bsp_0
{3 hiw_platfarm
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Figure 29: Profiling Results File

2. When the Gmon File Viewer selection appears, click Workspace and select

board_test_app_Console_profile.elf under board_test_app_Console_profile/

Debug. This was the ELF file that was used to create these profiling results. Click OK
twice to complete the selection.

3. The Xilinx Profiling view opens at the bottom of the SDK window with the profiling

results. Table 5 summarizes the different columns in the Xilinx Profiling View. The

profiling results look similar to Figure 30.

Table 5: Columns in the Xilinx Profiling View

Column

Description

Name

Name of the function and the file in which it resides.

Samples

Number of times the profile timer interrupt handler detected that the
program executed the corresponding function.

Calls

Number of calls made to the corresponding function.

Time/Call

Time usage per function call invocation.

% Time

Percentage of time spent in the function.
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[21 Problems | ¥ Tasks | B console | = Properties | &2 Terminal | %% pebug | & gprof £2

gmon File: CAKINTERT _AxI4_PRODNKCF0S_Embedded_rit Tutorial_Sandbox\awiboard_test_app)sDE_Workspaceiboard_test_app_Console_profilelDebugigmon. out

R A RN

program file: C:KIMNTEX? _AXI4_PRODNKCT0S_Embedded_KitiTutorial_Sandbox/SWiboard_test_appfSDk_Workspace/board_test_app_Console_profile/Debug/board_test_app_Consale_prafile.elf
16 bytes per bucket, each sample counts as 99.999us

Mame (location) Samples

Time/Call FuTime

B Summary

menu.o o 0.0%
outbyte.c 3 0.01%
prink.c 1 0.0%
umodsiz, asm 1 0.0%
= xaxiethernet.c 20 0.06%
RhxiEthernet_ClearOptions 1 0.0%
AhxiEthernet_PhyRead 11 0.03%
AhAxiEthernet_Reset g 0.02%
raxiethernet_example_intr_sgdma.c a 0.0%
= xaxiethernet_example_util.c 18522
AuiEthernetDetectPHY o 1 Ons 0.0%
AxiEthernetUbEnterLoopback a 1 ons 0.0%
AxiEthernetUiFrameHdrFormatMAC 0 z 0ns 0.0%
AxiEthernetUtlFrameHdrFormat Type 0 2 ons 0.0%
AxiEthernetUtIFrameremClear o 1 0ns 0.0%
AxiEthernetUtiFrameSetPayloadDat: 0 2 ons 0.0%
AxiEthernetULlFr ameyerify a 1 ons 0.0%
AxiEthernetUkiFhyDelay 18522 4 463,49ms [56.51% |
xil_cache.c a 0.0%
xil_prinkf.c 1 0.0%
xinke_l.c a 0.0%
= wuartnsS50_l.c 14230 43.41%
(= ¥UartNs550_RecvByte 3162 l65°.r‘o
#UartMsS50_RecvByte (xuartnst 3162 l65°.r‘o
[ ¥UartNs550_Sendyte 11085 B
#artNs550_SendByte (xuartnst 11068 B
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Figure 30: Profiling Results

Expand xaxiethernet_example_util.c. For the Ethernet test, calls to functions in the
xaxiethernet_example_util.c file take a large percentage of time. The largest
percentage of time is taken by the four calls made to the
AxiEthernetUtilPhyDelay function. This function gives the Ethernet PHY time
to recover after resetting the PHY or updating the PHY modes.

Expand xuartns550_l.c. Because this is a menu-driven application, calls to functions
in the xuartns550_1l.c file take a large percentage of time for most tests in the
board_test_app application. The percentage of time for the
XUartNs550_RecvByte call depends on how long the application was waiting for
user input.

Look through the profiling results. When finished, close the Xilinx Profiling view by
clicking the X in the gprof tab.

If no sample is collected, then no time stamp is available.

Video Demonstration with xilkernel and Iwip

The KC705 embedded kit provides a video demonstration that leverages Xilinx IPs
capabilities (such as VDMA) and demonstrates the benchmarking of AXI-MM that uses
xilkernel and lwip. The steps for building the video demonstration are summarized here
and explained in detail in the rest of this section.

1.

Creating a New SDK Workspace for the Video Demonstration, page 47

Includes steps on how to create a new SDK workspace for the benchmarking
demonstration. All other sections on the video demonstration use the SDK workspace
created in this section.
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2. Adding a Local Repository, page 47

Describes the steps necessary to add a local repository to the SDK workspace. This is
required because the video demonstration uses Xylon IP core for display engine (CVC)
and Xilinx xilmfs drivers with additional utilities.

3. Importing the Hardware Platform Project, Video Demonstration Application, and BSP,
page 48

Details how to import the provided video demonstration projects into an SDK
workspace.

4. Video Demonstration BSP, page 50
Describes the BSP for the video demonstration software.
5. Video Demonstration Application, page 50
Describes the video demonstration software application.
6. Video Demonstration Hardware Setup, page 51
Details the hardware setup requirements to run the video demonstration.
7. Running the Video Demonstration, page 51
Includes steps on how to run the video demonstration using the SDK.
8. Interacting with the Video Demonstration, page 52

Describes the user interface for the video demonstration.

Creating a New SDK Workspace for the Video Demonstration

To avoid confusion with the files for stand-alone software development, this tutorial
assumes that a new SDK workspace is used for the benchmarking demonstration files.

Completion of this section is required by all other benchmarking demonstration sections of
this tutorial.

Follow these steps to create a new SDK workspace for the benchmarking demonstration
sections of this tutorial:

1. Launch SDK, and create new workspace as described in Creating a New SDK
Workspace for Software Development, page 13.

2. Specify the SDK workspace as Tutorial_Sandbox/SW/Video_Demo/
SDK_Workspace.

3. Click OK in the Workspace Launcher.

Adding a Local Repository

The hardware platform for the video demonstration uses two local drivers:

e The xilmfs core supports additional utilities for MFS.

® The logiCVC core is third party IP core (1ogiCVC) from Xylon that supports the video
display engine. The video demonstration software application uses a driver (from the
same vendor) corresponding to the logiCVC to access the logiCVC core.

These two drivers are stored in a repository. The location of that repository must be added
to the SDK workspace as follows:

1. Inthe SDK, select Xilinx Tools > Repositories.
2. Click New... by the Local Repositories box.
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3. Browse to Tutorial_Sandbox/SW/Video_Demo/repository and click OK to add the
directory as a repository.

4. The Repositories Preferences window is shown in Figure 31. Click OK to complete the

selection.

Note: The SDK Installation Repositories show the version of SDK tool for repository references. For
example, Figure 31 shows the SDK Installation Repositories to be version 14.1. However, this
changes to the current SDK installation.

4 Preferences

General

ChC++

Help

Install{lUpdate

Remote Systems

Run/Debug

Team

Terminal

[=)- ¥ilinz SDK
Boot Image
Flash Programming
Hardware Specification
Log Information Level
Repositories
Target Manager
#MD Startup

- BX

Add, remove or change the order of SDK's software repositories.
Local Repositories {available to the current workspace)
C:iug?13_AxI4_PRODMKCFO0S_Embedded_Kitivideo_Demol 3w repository —
Global Repositaries (available across workspaces)
Mew...
SDK Installation Repositories
Rescan Repositories
Moke: Local repository settings take precedence owver global repository settings.
Restore Defaults] [ Apply ]
[ K ] [ Cancel

Figure 31: Repositories Preferences

Importing the Hardware Platform Project, Video Demonstration

Application, and BSP

UG915_31_07212

The hardware platform project, video demonstration application, and related BSP are
provided with the embedded kit. For the video demonstration sections of this tutorial, the
hardware platform project uses the hardware specification exported from the hardware
system located in Video_Demo /HW.
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Import the hardware platform project (hw_platform), video demonstration application
(Video_Demo) and platform (xilkernel_bsp_0) into the SDK workspace as follows:

1. Importing the video_demo project is similar to importing the
board_test_app_Console project described in Importing the Board Test Software
Application and BSP (Console Mode), page 19.

2. To specify the root directory, click Browse... and select Tutorial_Sandbox/SW/
Video_Demo.

When a BSP is imported into a workspace, the SDK looks for a hardware platform
project in the system. When a software application is imported into a workspace, the
SDK looks for a hardware platform project and a BSP in the workspace. This is why the
video_demo project must be imported into the SDK workspace at the same time as
the xilkernel_bsp_0 BSP and hw_platform project.

Note: The projects in the Import wizard might appear in a different order than shown in
Figure 32.

rImport . . g " " - l o e S

Import Projects

Select a directory to search for existing Eclipse projects. / ;

@ Select roct directory:  CAKINTEXT_PRODN\KCT05_Embedded_Kit\Tutorial_Sandbox\ SWiVideo_demo

1 Select archive file:

Projects:
hw_platform (CAKINTEXT_PRODN\KCT05_Embedded_Kit\Tutorial_Sandbox\SW\Video_demohw_platform) Select All
[¥] video_demo (C:AKINTEXT_PRODN\KCT05_Embedded_Kit\Tutorial_Sandbox\SW\Video_demo\video_dema)
[7] xilkernel_bsp_0 (C:AKINTEX7_PRODN\KC705_Embedded_Kit\Tutorial_Sandbox\SWAVideo_demo\uilkernel_bsp_0) Deselect All
E

[V]iCopy projects into workspace

Working sets

[] Add project to working sets

@:' Next > [ Einish l [ Cancel

UG9157327072512J
Figure 32: Import the Video Demonstration Application, BSP, and Hardware Platform
3. Click Finish. SDK imports the selected projects. The BSP and software application are
compiled during the import process.

4. After the hardware platform project, software application, and BSP are imported and
compiled, they appear in the Project Explorer tab, as shown in Figure 33.
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=
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Figure 33: Video Demonstration Application and BSP Directory Structure

Video Demonstration BSP

The BSP for the video demonstration uses xilkernel. Xilkernel is a simple and lightweight
kernel that provides services such as scheduling, threads, synchronization, and timers.
Xilkernel requires a timer and the benchmarking demonstration hardware platform
includes the AXI_Timer peripheral to suit this purpose.

The BSP also includes the 1wip TCP/IP stacklibrary. The Web server portion of the video
demonstration application code uses the 1wip socket APL

The Xilinx memory file system (xilmfs) library is included in the BSP. This library is used
to store files in the memory of the KC705 board that can be accessed by the Web server.

The third party libraries for logiCVC and xy1_os1ib (from Xylon) are also included in the
BSP. These two libraries support the driver functionality of the logiCVC display IP core.
The logiCVC carries out actual driver functionality of the logiCVC IP core, and
xyl_oslib contain the OS wrappers that are needed by the logiCVC driver. To view the
BSP settings, right-click xilkernel_bsp_0 and select Board Support Package Settings.
After browsing the settings, click Cancel to exit the Software Platform Settings.

Video Demonstration Application

The video demonstration application uses a Web server to display the video selection
menu, video stream controls, and plot various graphs such as throughput data, on-chip
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temperature, and on-chip voltages (Voo and Vecaux)- The Web server uses the 1wip
socket APL

* There is one main thread that listens on the HIT'TP port (80) for connections. A new
thread is spawned to process a request from a connection. Requests can be GET or
POST requests.

* A performance monitor IP and its associated driver are integrated into this
application. This IP and driver probe the AXI-MM interface periodically and collect
the performance (read and write throughput) numbers. A separate thread is spawned
that interfaces to this driver and stores the performance data.

¢ One more thread is spawned that handles the various video patterns (blend, move
around) on a regular basis.

For GET requests, the Web server looks for the requested file on the memory file system
and if present, the file is sent to the Web browser making the request. If the file is not
present on the memory file system, an HTTP 404 error page is sent to the browser. Contents
of the memory file system for the benchmarking demonstration can be viewed in
Tutorial_Sandbox\SW\Video_Demo\memfs\memfs_files.

On the Web server, after the video streams are selected and the start video button is
clicked, the selected video streams start to display on the monitor. Also, the performance
monitor thread starts periodically collecting the performance numbers.

The AXI-MM throughput data for read and write and other on-chip parameters are
requested by means of the POST request. When AXI-MM throughput data is requested by
the Web server, the software application posts the current read and write performance
throughput numbers that are probed at the AXI-MM interface. The video streams are
continuously performing the frame buffer transactions by means of various VDMA
channels. Hence the performance numbers reflect the traffic at the AXI-MM interface.
Then, the video_demo application sends the throughput number (in Gb/s) and the
appropriate HTTP header to the requesting Web browser.

Video Demonstration Hardware Setup

The video demonstration uses a Web server to serve a Web page that graphs the AXI-MM
data throughput and on-chip parameters (temperature, Vceony and Vecaux)-

The video demonstration setup has two variants:

e With external (live) video

e Without external (live) video

The hardware setup for video demonstration is done as described in UG913, Getting Started
with the Kintex-7 FPGA KC705 Embedded Kit.

Running the Video Demonstration

After the video demonstration files are imported and built, the application can be run on
the KC705 board. Follow these steps to set up the serial terminal console, program the
FPGA, and run the video demonstration:

1. Program the FPGA as described in Running the Board Test Software Application
(Console Mode), page 22. Ensure that the bitstream from
Tutorial_Sandbox\SW\video_demo\SDK_Workspace\hw_platform\ is used.

2. Right-click video_demo and select Run As > Run Configurations.
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3. Inthe Run configurations box, select Xilinx C/C++ ELF and click the New button icon
to create a new Run configuration.

4. Populate the Main tab of the new debug configuration with these selections:
¢ Name: video_demo Release
* Project: video_demo
¢ Build Configuration: Release

e C/C++ Application: Release/video_demao.elf to select the executable that was
built with the Release configuration

Set the STDIO settings as done in Running the Hello World Software Project, page 16.

Click Run. An XMD console appears indicating that the Video_Demo application is
downloaded into memory and run.

The video_Demo application displays information about the Web server on the terminal
screen, as described in UG913, Getting Started with the Kintex-7 FPGA KC705 Embedded Kit.

Interacting with the Video Demonstration

When the Web server is running, the Web browser on the connected host computer
displays the video demonstration Web page when the URL is set to http://192.168.1.10.
The initial Web page that is displayed is shown in Figure 34. The Web page uses JavaScript,
so the browser must have JavaScript enabled.
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= Xilinx: Xilkennel Demonstration over WebServer - Windows Internet Explorer
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Hello! This is a demonstration of Embedded Web server created using lwIP. Using the 1wIP networking stack, a Web server can be easily embedded
into your software application. A Web server provides a method to monitor the embedded platform via an Internet browser. This example webpage
demostrates the VIDEO DEMO TESTS execute over a webserver. This webpage facilitates to select the Video streams, Patterns, start and view its
result graphically.

This system supports 4 video streams, in that 2 are always test patterns. Other 2 are either Live Video or Test Patterns based on "Live Video"
option. This selected option is applied to "Stream0, Streaml" in Video Selection menun.

DEFAULT: Live video NO.

Before select Live video, ensure the FMC cards are plugged in and video sounrces are connected.
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Figure 34: Initial Video Demonstration Web Page
The execution of video demonstration and the selection of various options are described in

UG9I13, Getting Started with the Kintex-7 FPGA KC705 Embedded Kit in detail.

However, a quick start for the video demonstration is as follows. On a Web page, perform
the following:

e (Click the NO radio button under LIVE VIDEO.
e (lick the All Scaled streams radio button under STREAM SELECTION.
e (lick the Move around checkbox under PATTERN SELECTION.

These settings start all 4 streams in scaled mode and also apply the move around feature.
The monitor starts to display the streams and graphs on the Web page start being plotted.

The Web browser receives one packet of results at a time. This packet contain 5 results:
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* Read throughput (Gb/s)

e Write throughput (Gb/s)

¢ On-chip temperature (degrees Celsius)
*  On-chip VNt Voltage

e On-chip Vccaux voltage

JavaScript converts these results into coordinates and updates the graphs. The graphs
update every time a new data packet is received. The graphs hold a maximum of 12 data
points at a time. After the maximum has been reached, the oldest data point is dropped
and the newest data point is added.

This application continues to run infinitely. To terminate the test, close the Web page and
turn off the board.

The video demonstration software design blocks are shown in Figure 35 and Figure 36.

Host Computer

Web Client
(Loaded from the target)

HTTP index page SVG graph definitions JavaScript functions

Static text, radio buttons, checkboxes, buttons Button click handlers Algorithm for coordinates calculation

Radio/checkbox handlers || Graph plot handler

Vector locations, lengths, vector titles
Command composer Handler to POST and RECEIVE data

UG915_35_073012

Figure 35: HTML Design Blocks

Kintex-7 Target

Web Server Application
VDMA driver SCALER driver LogiCVC driver Xyl_oslib driver
(Xylon) (Xylon)
Ethernet driver Time Base driver RC driver HDMI driver
LWIP140 driver MFES driver Performance Monitor XADC driver
Xilkernel OS
Hardware
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Figure 36: Kintex-7 Video Demonstration Software Design Blocks
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Because the design is modular and the blocks are plug-in in nature, the next steps would be
to replace blocks with different functionality, or to add new components to the existing
software design.

An example design is shown in Figure 37.

Replace the Scaler driver block with a JPEG driver that handles different compression
algorithms. Similarly, replace the output driver from HDMI to DVI. (Shaded boxes are
changes proposed).

Kintex-7 Target

Web Server Application

: SCALERBriver LogiCVC driver Xyl_oslib driver
VDMA d

river JPEG driver (Xylon) (Xylon)
Ethernet driver Time Base driver RC driver e d, S

DVI driver
Iwip140 driver MFS driver Performance Monitor XADC driver
Xilkernel OS
Hardware

UG915_37_073112

Figure 37: Proposed Changes to the Kintex-7 Video Demonstration Software
Design Blocks

Similarly, the host-side HTML/JavaScript/SVG scripts can be designed to add new
components. An example is shown in Figure 38. In this example, we can introduce the
video display on the Web page as an additional feature. (Shaded boxes are proposed
changes). Table 6 lists additional possible next steps.

Host PC
Web Client
(Loaded from the target)
HTTP index page SVG graph definitions JavaScript functions
Static text. radio buttons. checkboxes. buttons Button click handlers Algorithm for coordinates calculation

Vector locations, lengths, vector titles

Radio/checkbox handlers || Graph plot handler

Command composer Handler to POST and RECEIVE data

Display video frames received from the Kintex-7 FPGA.

Introduce a new command to receive video data from the Kintex-7 FPGA.
Process the video frames to display.

UG915_38_073012

Figure 38: Proposed Changes to the HTML Design Blocks
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Table 6: Suggested Next Steps

Next Step Refer To
Develop with xilkernel UG643, OS and Libraries Document Collection

Further configure a stand-alone | SDK documentation (Help > Help Contents in the SDK)
platform

Advanced profiling SDK documentation (Help > Help Contents in the SDK)

Running the Pre-Built Software Applications

The ready_for_download directory under the KC705_System directory contains the
pre-built hardware bitstream and software executable files for the
board_test_app_Console stand-alone software application and
board_test_app_Webserver Web-based software application. The pre-built files for
the Video_Demo software application are stored under the Video_Demo/
ready_for_download directory. This section details steps to run the pre-built
board_test_app_Console stand-alone software application, the pre-built
board_test_app_Webserver Web-based software application and the pre-built
Video_Demo software application. This section is optional and only provides a quick way
to run the software applications included with the embedded kit. The instructions are in
these subsections:

¢ Running the Pre-Built Board_Test_App_Console Stand-Alone Software Application
® Running the Pre-Built Board_Test_App_Webserver Software Application
* Running the Pre-Built Video_Demo Software Application

Each of those three subsections require the following setups:

® The board setup and UART setup are described in UG913, Getting Started with the
Kintex-7 FPGA KC705 Embedded Kit.

* Open an ISE® Design Suite command prompt. From Windows, select Start > All
Programs > Xilinx Design Tools > ISE Design Suite > Accessories > ISE Design
Suite Command Prompt.

Running the Pre-Built Board_Test_App_Console Stand-Alone Software
Application

To run the pre-built board_test_app_Console stand-alone software application, the
hardware bitstream must be programmed to the FPGA and the application must be
downloaded into memory. To run the board_test_app_Console using the files in the
ready_for_download directory under KC705_System, follow these steps:

1. Open an ISE Design Suite command prompt.
$ cd KC705_Embedded_Kit\KC705_System\ready_for_download
$ xmd
XMD% fpga -f download.bit
XMD% connect mb mdm
XMD% dow board_test_app_Console.elf
XMD% con
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2. The resulting output on the serial terminal is as shown in Figure 11. Further details on
the included tests in the board_test_app software application can be found in
Table 3.

3. When software execution is complete, enter these commands:
XMD% stop
XMD% rst
XMD% exit

Running the Pre-Built Board_Test_App_Webserver Software Application

To run the pre-built board_test_app_Webserver Web-based software application, the
hardware bitstream must be programmed to the FPGA and the application must be
downloaded into memory. To run the board_test_app_Webserver using the files in
the ready_for_download directory under KC705_System, follow these steps:

1. Connect an Ethernet cable between the KC705 board and the host computer. Setup the
IP address of the host computer Ethernet connection to static address: 192.168.1.100.

2. Open an ISE Design Suite command prompt as described above.
$ cd KC705_Embedded_Kit\KC705_System\ready_for_download

$ xmd

XMD% fpga -f download.bit

XMD% connect mb mdm

XMD% dow board_test_app_Webserver.elf
XMD% con

3. On the host computer, start Internet browser (Internet Explorer version 8) and browse
the target. In the address bar, type http://192.168.1.10 and Enter. This brings up the
Web page as shown in Figure 18.

4. Figure 17 shows the resulting output on the serial terminal. Further details on the
included tests in the board_test_app software application can be found in Table 3.

5. When software execution is complete, enter these commands:
XMD% stop

XMD% rst
XMD% exit

Running the Pre-Built Video_Demo Software Application

To run the pre-built Video_Demo software application, the hardware bitstream must be
programmed into the FPGA and the application must be downloaded into memory. To run
the Video_Demo using the files in the ready_for_download directory under
Video_Demo, follow these steps:

1. Connect the KC705 board to an Ethernet port on a computer via an Ethernet cable.

2. Assign an IP address to the PC of 192.168.1.100.

Note: The demonstration uses a hard-coded MAC address and a fixed IP address of
192.168.1.10 and does not connect to the regular LAN network using DHCP. Do not connect
more than one board to the same network segment.
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3. Open an ISE Design Suite command prompt as described above.
$ cd KC705_Embedded_Kit\Video_Demo\ready_for_download

$ xmd

XMD% fpga -f download.bit
XMD% connect mb mdm
XMD% dow video_demao.elf
XMD% con

Further details on using the Video_Demo software application when running can be
found in Video Demonstration with xilkernel and Iwip, page 46.

4. When software execution has completed, enter these commands:
XMD% stop

XMD% rst
XMD% exit
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Additional Resources

Xilinx Resources

For support resources such as Answers, Documentation, Downloads, and Forums, see the
Xilinx Support website at:

www.xilinx.com/support.

For continual updates, add the Answer Record to your myAlerts:

www.xilinx.com /support/myalerts.

For a glossary of technical terms used in Xilinx documentation, see:

www.xilinx.com/company /terms.htm.

Solution Centers

See the Xilinx Solution Centers for support on devices, software tools, and intellectual
property at all stages of the design cycle. Topics include design assistance, advisories, and
troubleshooting tips.

Further Resources

The most up to date information related to the KC705 board and its documentation is
available on the following websites.

The Xilinx Kintex-7 FPGA Embedded Kit product page:
www.xilinx.com /products/boards-and-kits/ DK-K7-EMBD-G.htm

The Kintex-7 FPGA Embedded Kit - Known Issues and Release Notes Master Answer
Record:

www.xilinx.com/support/answers/52970.htm

These documents provide supplemental material useful with this user guide:

o UG913, Getting Started with the Kintex-7 FPGA KC705 Embedded Kit

o UGY914, AXI Interface Based KC705 Embedded Kit MicroBlaze Processor Subsystem
Hardware Tutorial

e UG683, EDK Concepts, Tools, and Techniques

e DS669, AXI Interface Based KC705 Embedded Kit MicroBlaze Processor Subsystem Data
Sheet

e UG643, OS and Libraries Document Collection
e UGO081, MicroBlaze Processor Reference Guide Embedded Development Kit
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