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1. Overview

This tutorial takes you through the process of creating a simple Create a simple Hello World Linux
application using C Linux application and then loading the application on a Cortex-A9 Fixed Virtual
Platform (FVP) model running Arm embedded Linux. The Cortex-A9 Fixed Virtual Platform (FVP)
model is provided with DS-5.

Prerequisites

This tutorial assumes that you have installed Arm DS-5 and acquired the license to use it. If not,
use the Getting Started with Arm DS-5 tutorial to install DS-5 and acquire a license.
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2. Create a simple Hello World Linux
application using C
To create a Linux application using C in DS-5:

e Create a new C project and use the DS-5 GCC toolchain.

e Set up the DS-5 GCC toolchain compiler and linker options to build with the appropriate
settings for Arm Embedded Linux running on a Fixed Virtual Platform (FVP) model.

e Create the source file and build it to create an application.
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3. Create a new C project

The following steps describe how to create a new C project.

1.

Start DS-5 and from the DS-5 main menu, select File > New > C Project to display the C
Project dialog.

In the C Project dialog:

a. In the Project name field, enter Hel1owor1d Gcc as the name of your project.

b. Under Project type, select Executable > Empty Project.

c. Under Toolchains, select the GCC 4.x [arm-linux-gnueabihf] (DS-5 built in) option.

Figure 3-1: Project type toolchain selection.

& C Project O *

C Project [—

Create C project of selected type

Project name: | HelloWorld_GCC

Use default location

CADS-5_Workspace\HelloWorld_GCC Browse...
default
Project type: Toolchains:
w = Executable ARM Compiler 5 (DS-5 built-in)
& Empty Project ARM Compiler & (DS-5 built-in)
& Hello World ANSI C Project GEC 4x [arm-linux-gnueabinf] (DS-5 built-in)|
= Shared Library MinGW GCC

= Static Library
&= Makefile project

Show project types and toolchains only if they are supported on the platfiorm

"7 < Back Mext = Cancel

d. Click Finish to create a C project called He11owor1d Gcc.

You can view the project in the Project Explorer view.
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Figure 3-2: Project Explorer view of newly-created project

£ DS-5 Debug - HelloWorld_GCC

File Edit Source Refactor
il

MNa
| o 2 v Qu v i
[t5 Project Explorer &2

=% HelloWorld_GCC
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4. Configure the settings for new project

The following steps describe how to configure the settings for a new project.

1.

In the Project Explorer view, right-click the HelloWorld_GCCE project and select Properties.

You can also access the project properties from the main DS-5 menu. From the
main menu, select Project > Properties.

Select C/C++ Build > Settings > Tool Settings tab.

a. You need to specify the relevant flags under GCC C Compiler 4 [arm-linux-gnueabihf] >
Miscellaneous > Other flags:

e DS-5v5.21.1 and earlier support a soft-float file system, so enter:

-marm -march=armv4t -mfloat-abi=soft

o DS-5v5.22 and later support a hard-float file system, so enter:

-marm -mfloat-abi=hard
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Figure 4-1: Screenshot of the Tool Settings tab.

@ Properties for HelloWorld_GCC o 4
Ype Tibar bont Settings .
Resource
Builders
v CfC++ Build Configuration: Debug [ Active | «| | Manage Canfigurations._
Build Vanables
Environment
Logging % Tool Settings = Build Steps * Build Artifact ki Binary Parsers @ Error Parsers
Seiting « 8 GCC C Compiler 4 [arm-linux-gnueabihf]  Other Nlags | - -Imessage-length-0 TN TR
Tool Chain Editor  Dialect Jvesto
- e ()
C/Ce+ Genera 3 Pr
& Preprocessor A B
Project References & Symbols ES\.D_D_O'I NS! programs { -!r:s;o .
Run/Debug Settings B includes Pasition Independent Code (-IPIC)
J# Optimization
& Debugging
& Wamings
5 Miscellaneous

(% Shared Library Settings

v B GCC Assembler 4 [arm-linux-gnueabih]
& General

v B GCC C Linker 4 [arm-linuw:-gnueabihf]
& General
& Libraries
& Miscellaneous
@ Shared Library Settings

Restore Defaults Apply

o ] come

~

These flags instruct the GCC compiler to compile a binary that is compatible with a
particular architecture and file system. For more information about GCC compiler options
for Arm, see: http:/gcc.gnu.org/onlinedocs/gcc/ARM-Options.html

b. On the Properties for HelloWorld_GCC project dialog, click OK to apply the settings and
close the dialog.
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5. Create the source code and building the
project
The following steps describe how to create the source code and build the project:

1. In the Project Explorer view, right-click the HelloWorld_GCC project and select New > Source
File.

Figure 5-1: New Source file.

I-=T" u|.l1¢f¢'EBEQ'E-}“'- - - - — —
ontrol | T Project Explorer £3 emote ms - o
Debug Control L[, Project Explorer 53 4 R 5% v=0  Mc
I+ | (=5 HelloWorld_~Cr :
Mew Al Project...
polne f1 Configuration Database
Open in Mew Window ® File
B Copy |7 File from Template
= Paste 3 Folder
* Delete E8 Model Configuration
Move. iry Platform Configuration
Rename... % Class
gy Import. |n Header File
i -
iy Expont |[€] SourceFile
)
£5 Source Folder
Build Project
Clean Preject € CProject
|?_| C++ Project
#7 Refresh F5
Close Praject [ Other... Ctrl+ N

Close Unrelated Projects

Build Configurations ¥
Pake Targets ¥
Index ¥

2. In the New Source File dialog, enter the file name Hel1loworld Gcc.c.
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Figure 5-2: Source file dialog box.

& Mew Source File O =

Source File
Create a new source file.

Source folder; HelloWorld_GCC Browse..

Source file; HelloWarld_GCC.c

Template: Default C source template b Configure...

[

3. Click Finish to create the source file and open it in the code editing view.

Figure 5-3: Code Editing view.

= O

R

* HelloWorld _GCC.c

*

The source file is also visible in the Project Explorer view, under the HelloWorld_GCC project.

Figure 5-4: Source file in Project Explorer view.

[25 Project Explorer 2

v = HelloWorld_GCC
m Includes
L] HelloWorld_GCC.c
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4. Add the following code to the new source file, and press CTRL+S to save it.

#include <stdio.h>
int main (int argc, char** argv)
{

printf ("Hello world\n") ;
return O;

What is argc and argv?
argc and argv are how command line arguments are passed to main () in C and C++.
arge Will be the number of strings pointed to by argv.

The variables are named argc (argument count) and argv (argument vector) by common
convention.

5. In the Project Explorer view, right-click the HelloWorld_GCC project and select Build Project.
This creates the Linux executable and required support files.

Figure 5-5: Creating Linux executable and support files.

[25 Project Explorer 2

~ == HelloWaorld_GCC
i Binaries
ml Includes
v = Debug
%5 HelloWorld_GCC - [arm/le]
HelloWorld_GCC.o - [arm/le]
HelloWorld GCC.d
L@ makefile

L@ objects.mk
L@ sources.mk
L& subdir.mk
le] HelloWorld_GCC.c

The items in the Debug folder are additional files required for debugging.
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6. Debug the Linux application on a Fixed
Virtual Platform (FVP) model

Once you have created the project and built the code, launch the debugger to run the application
on one of the Fixed Virtual Platform (FVP) models provided with DS-5.

For this tutorial, we use the FVP_VE Cortex-A9x4 model provided with DS-5.
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Create a DS-5 debug configuration and
connecting to an FVP model

These steps describe how to debug a DS-5 configuration and connect it to an FVP model.

1. From the DS-5 main menu, select Run > Debug Configurations.

2. In the Debug Configurations dialog:

a.

Select DS-5 Debugger.

b. Click the New launch configurations button.

Figure 7-1: Debug Configurations screen.

& Debug Configurations

Create, manage, and run configurations

Create, edit or choose a configuration to launch a D5-5 debugging session.

I:I 8%~ Configure launch settings from this dialog:
type filter text _| - Press the 'New' button to create a configuration of the selected type.
[€1 ¢/C++ Application =| - Press the ‘Duplicate’ button to copy the selected configuration.

[c] C/C++ Attach to Application
[©] C/C++ Postmortem Debugger
€] C/C++ Remote Application & - Press the Filter’ button to configure filtering options.
|4.'5 DS-5 Debugger|
@' IronPython Run

&’ IronPython unittest
B4 Java Applet

¥ - Press the 'Delete’ button to remove the selected configuration.

- Edit or view an existing configuration by selecting it.

Configure launch perspective settings from the ‘Perspectives’ preference page.

This creates a new DS-5 debug configuration and displays the various tabs required to
specify settings for loading your application on the target.

Copyright © 2020 Arm Limited (or its affiliates). All rights reserved.
Non-Confidential
Page 16 of 25



Document ID: 102624 0100 02 en
Version 1.0
Create a DS-5 debug configuration and connecting to an FVP model

Linux Application Debugging Using DS-5

Figure 7-2: New Debug Configuration all tabs.

© Debug Configurations

Create, manage, and run configurations

Create, edit or choose a configuration to launch a DS-5 debugging session,

':l =

type filter text

i

hd Configure launch settings from this dialog:

_| - Press the 'New' button to create a configuration of the selected type.

(€] C/C++ Application {5 - Press the 'Duplicate’ button to copy the selected configuration.
[e] C/C++ Attach to Application

[€] C/C++ Postmaortem Debugger

[€] C/C++ Remote Application i - Press the ‘Filter’ button to configure filtering options.

|%% DS-5 Debugger |
@' IronPython Run

@ IronPython unittest
B Java Applet

¥ - Press the 'Delete’ button to remove the selected configuration.

- Edit or view an existing configuration by selecting it.

Configure launch perspective settings from the Perspectives’ preference page.

3. On the Debug Configurations dialog:
a. Give a name to the debug configuration. For example, BelloWorld Linux FVP.

b. In the Connection tab, select Arm FVP (Installed with DS-5) > Cortex-A9x4 pre-configured
to boot Arm Embedded Linux > Linux Application Debug > Start gdbserver and debug
target resident application.

Figure 7-3: Debug configurations screen Connection tab.

& Debug Configurations

Create, manage, and run configurations ﬁ‘\
J

Create, edit or choose a configuration to launch a D5-5 debugging session.

R IR A Name: | HelloWarid_Linux VP
type filter text - Cannection . ki Files| % Debugger| & 05 i Arg B Enwi 4 Export
€] C/C++ Application
1 C/C + Attach to Application
[T ¢/C+ + Postmortem Debugger
[ C/C+ + Remate Application
w % D5-5 Debugger [Fiter platforms
- fo:;‘;;::"r::?;“m" Base_AEM\A_SVE
& konPython unittest Cortex-ASx1 pre-configured to boot ARM Embedded Linux
B2 Java Applet « Cortex-ASw4 pre-configured to boot ARM Embedded Linux
~ Linux Application Debug
Connect to already running gabserver
Start gdbserver and debug target resident application
MPS? AFMUAM

Select target

Select the manufacturer, board, project type and debug operation to use. Currently selected:
ARM FVP (Installed with D'5-5) / Cortex-AS9x4 pre-configured to boot ARM Embedded Linux / Linux Application Debug / Start gdbserver and debug target resident

& Java Application
Ju IUnit

& lython run

& Iython unittest
# Launch Group

[0 PyDev Django
n ::De«- G‘U gle App Run D5-5 Debugger will connect to the FVP target (if the FUP is not cumrently running it will be started by DS-5 Debugger) and start a new gdbserver session to debug ar
-P.' Pythan R r‘:’ s application already present on the ARM Embedded Linux filesystem or on the virtual file system.

u

& Python unittest
T, Remote Java Application

Filter matched 19 of 19 items

®

Connections

gdbserver (serial) Connection details determined automatically. Use serial port fdev/ttyAMA3 if starting gdbserver manually.

Model parameters
[ Enable virtual file system support

Host mount point: | Stwarkspace_loc) File System.. 'Workspace..
Remote target mount point:  fwriteable -
Revert Apply
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By default, a relative path to your workspace location is specified in the Host mount point
field. This location is used by the /writeable directory specified in the Remote target mount
point field.

c. Inthe Files tab, and under Target Configuration > Application on target field, enter /
writeable/HelloWorld GCC/Debug/HelloWorld GCC.

This specifies that the HelloWorld_GCC application is available under the /writeable/
HelloWorld_GCC/Debug/ location on the target.

d. Under Files, select Load symbols from file, and click Workspace.

e. Inthe Open dialog, select the HelloWorld_GCC application in the Debug folder.

Figure 7-4: Open dialog box.
& Open O p 4

Select a file:

v ¥ HellowWorld_GCC
cproject
Jproject
w = Debug
HelloWorld_GCC
HelloWorld_GCC.d
w HelloWorld_GCC.o
makefile
@ objects.mk
SOoUrces me
subdir.mk
g HelloWorld_GCC.c

(? [ QK Cancel

f.  Click OK

This sets the path to the file that contains the required symbols information.
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Figure 7-5: Debug configurations screen Files tab.

© Debug Configuratans

Create. edit or chocse a configuration 1o launch a D5-5 detugging sesson

X . Name: | HelioWorld Linu FUP
e Fines et -0 tian e Fies % Detugosr s 05 Awarenes| = Arguments 8 Enviranment 3 Expart
C++ Application
+« Attach to Application

. Target Configuration
E] C/C++ Pastmortem Detugger L
] C/Cr+ Remote Application Apphcalion o laget

« #§ D55 Debugger writeabie, HellcWord_GCC/Debug/HelloWarid_GCC

£ New_confguration
& WonPyinon Fun
& onPythoe uaitest
0 lava Applet

Target werleng deecary:

I Jaws Apalication fe
o Mmit Load symiiols from file
: Bython run = | $iworiapace_ o HelaWorli_GCC/Debug Melioiorid_GCC
Jython unitsest
* Launch Groug Fibe Systen_
1B PyDev Djange
-

B PyDew Googie Ape Fun
& Pymon Rum

& Pymon unintest

E, Remote lava Application

i

Fiter maschied 19 of 19 tems Aoty

i
i

g. Select the Debugger tab, and select Debug from entry point.

Figure 7-6: Debug configurations screen Debugger tab.

@ Debug Configurations

Create, manage, and run configurations ﬁ\

Create, edit or choose a configuration to launch a D5-5 debugging session.

Lt Name: | Hellowarid_Line FVP |
e < Connection i Files | Debugger , T O Awareness| W~ Arguments B8 Erwvironment e Export

+ Attach to Application — :
[E1 C/C+ + Postmortem Debugger o ) .
[ C/C+ + Remate Application () Connect only @ Debug from entry point () Debug from symbol  main
* % DS-5 Debugger (] Run target initialization debugger scrpt Lds / py)

et File Systern..  Workspace.
L R -
& llr::P\-nmnu:.;es: (7] Rum debug mvtialization debugger script (ds / py)
e Fibe Systern..  Workspace.
@ Java Application I
Ju JUnit
& lythan run
& Jythan unittest
# Launch Group
[0 PyDev Django
48 PyDev Google App Run e ,
:‘ ::::: m::m [] Use default
s e File System.. Workspace...

Paths
Source search directory -
File System.. Workspace..
= -
Revert Apply

Filter matched 19 of 19 items

2 oo ]| coe

h. Click Debug to load the application on the target, and load the debug information into the
debugger.
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In the Confirm Perspective Switch dialog that appears, click Yes.

DS-5 connects to the FVP model, loads Linux on the FVP model, and displays the
connection status in the Debug Control view.

Figure 7-7: Debug control view.

#& Debug Control 52 |75 Project Explorer = o

D% KK vy | BB R -
~ & HelloWorld_Linux_FVP connected
@ Thread 1143 #1 stopped on breakpoint #1 (USR)

Status: connected

The application is loaded on the target, and has stopped at the entry point, ready to run.
Other views display information relevant to the debug connection.

For example:

o The Commands view displays messages output by the debugger. Also use this view to enter
DS-5 commands.

Figure 7-8: Commands view.

B Commands &2 | [ History % Scripts E Gk~ 8 = O
<}===»> Linked: HelloWarld_Linux_FVP =

set debug-from *SENTRYPOINT -

start

wait

Execution stopped at breakpoint 1: 8x@eee32EC
In HelloWorld_GCC (no debug infa)

Bxeaeas2EC MOV rll,#8

break -p *@xeeee32ED

Breakpoint 2 at @x@eee32ED

condition 2
break-script 2
igneore 2 8
break-stop-cn-threads 2
unsilence 2

Breakpoint 2 unsilenced
break -p *@xeeee32ED
Breakpoint 3 at @x@eee32ED
condition 3

Command:

e The C/C++ Editor view shows the structure of the active C, C++, or makefile. The view is
updated as you edit these files.

m

-
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Figure 7-9: Editor view.

[] HelloWorld_GCC.c &2

2& * HellowWorld GCC.c[]
4
5
6

#include <stdic.h:
int main(int argc, char** argv)

printf("Helle worldin"};
return 8;
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e The Disassembly view shows the loaded program in memory as addresses and assembler

instructions.

Figure 7-10: Disassembly view.

<}==='> Linked: HelloWaorld_Linux_FVP =

B & - 000008484

Address Opcode Disassembly

register_tm_clenes ; @x8388@

i

; [@xB45C] = @x84B4

Bx@a8a841C POP Ir3,Lr}
BxBBEBSA20 B
BxBBEaEA2A DCD @x8008184D4
BxBBEA5A2E DCD BxBORORGRE
Bx@B8A542C PUSH {riz, lr}
BxBBEaEA3a ADD rii,sp,#4
BxBBEBSA3A SUB sp,sp,#8
Bx@a0a8438 STR re, [ri1,%-8]
BxBBEA543C STR r1, [r11,%-8xc]
E BxBEBREA4D LDR re, [pc,#28]
BxBBEBSA4A BL puts@@GLIBC 2.4 ; Bx82E8
Bx@a0a5448 MOV r3, %8
BxBBEA5A4L MOV re,r3
BxBBEAEASE SUB sp,ril,#4
BxBBEBSA5A POP {riz, lr}
Bx@a0a8458 BX Lr
BxBBEASA5C DCD B:xBBBO54B4

_ libc_csu_init

® Indicates the location in the code where your program is stopped. In this case, it is at the
main () function. The view shows other information that enables you to drill down into the

details of the code.

e The Memory view shows how code is represented in the target memory. For example, to view
how the string Hel1lo wWorld from the application is represented in memory:

1. Open the Memory view.

2. In the Address field enter, 0x00008440 and press Enter on your keyboard. The view

displays contents of the target’'s memory.
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Create a DS-5 debug configuration and connecting to an FVP model

3. Select and highlight the words He11o world to see their ASCIl equivalents.

Figure 7-11: Memory view.

11} Disassembly | ‘5 Memory &

[ ~ 000008440

BxPOERE44E
BxPOeeE458
ExBRBaLcE
BxPOeRE4Te
BxpeceE488
ExBReBE498
BxBORRE4A8
BxROcaE400
BxBOeRE4Ce
x40
BxBOBRE4ED
BxPOBRE4FE
Bx@eRE509
BxBOeaa518
BxBO2B520
BxPeRRE538
ExBRens 548
BxBO2R3558
BxPO2RE5ER
BxBeeRsE57e

axl4
axeq
2D
[ ]
axan
exal
ax56
8@l
@w2C
@xcc
BncdC
axl9
axla
Bxiad
Bxd6
axas
exe3
axla
exll
@xl3

Bxea

BxED
Bnad
BxDa
B34
exia

BxFE
@xd3
axea
axea
axee
axea
axes
axed
e

axed
axead

Bx9F
ax48
BxF3
@xFF
axg4
x5
Bx20
Bx@2
BxFF
axee
Bxde
axda
axee
Bxde
BxBe
exee
BxB0

axee
axee

B8xES
BxE2
Bxd3
exF7
Bx30
axa7

Bxba
Bx7F
axde
axee
axba

axee

axee
axea

@x9B
BxBe
BxeE
@xll
BxB8
Exal
=]

Bxel
exee
@99
BxCC
exDe
BBl
BxB4
ex1e
exCe
@xll
ex7e
Bxead

BxFF
ox48
Eds
BxFF
Bx24
[
Bx47

Bxoa
@wa8
BxB2
Bxdd
awad
Bx81
BxBL
axea
@@s

2xB2
Bxiaa

@xFF
exBD
exeD
BxFo
Bx55
exFs
e

Bxee
exee
BBl
@x8l
@xel
BBl
BxB@
oxes
ex@l
Bxd8
2xee
Bxpe

= Modules [ Events S= Outline

‘B, Linked: HelloWorld_Linux_FVP =

BxEB
BxEB
ax4D
Edd
BxF8
@xD1
@xBF

Bx0@
@88

x5
@xee
axee

L

axee
Bxea

Bxde
BxlE
Bxr
@5
Bxds
@x60
(cch

Bx08
exel
Bx80
8x1B
exic
Bx85
Bx8A
Bx15
exe2
Bx17
ex12
BXFE

1024

Bx3@
BxFF
Bxdi
BxEE
Bx3F
exEs
exBs
Bx28
Bxd@
@00
Bl
Bxp@
axee
BxBe
BxBa
Bxee
Bxe
BcB@
axea
BxFF

L]
Bx2F
BxDF
Leih]
Bx38
@xFB
L]
BTy
axaa
awae
Bxbe
Bxaa
awae
o]
L]
axag
e
o]
exee
BxFF

BxE3
exEl
BxF3
Bx@9
Bx46
exs3
@xBF
Bx6F
Bxee
@x0e
Bx2e
BxBa
x00
BxBa
BxB@
exee
Bx8e

axee
Bx6F

axe3
axB4
34
Bx5F
Bx39
@58

Bx72
BxFB
axle

Bl
axad

x4l
axee
@x28
ax78
axes
ax5e

2xee
exg4
ex98
BxEA
Bx46
exse
@xBD

Bx83
exee
BxB4
Bxda
x0e
Bx82
Bxda
axes
exee
Bxi2
axee
Bx82

B kel v n vlﬂl & T =0

Bxea
@x9a

Bx42
axda
Bxea
axea
Bxda
axea
axea

L

axea
axea

exEl
exbe
Bxdb
Bl
@46
exee
=h ]
BBl
Bxda
exee
BB
Bxde
axee
Bre@
Bd@
axbe
=8
Bl
axie
Bxe

8 T=
K..H / F
- CEME 4 F
o D _
=.§U. ?BF9FBF
4 GLE X
v pe
Helloe world
A
X
p
of

The Memory view displays the hexadecimal values for the code, and also the ASCII
character equivalent of the memory values.

= to run the application.

You can view the application output in the App Console view.

Figure 7-12: App console view.

Hello world

1 Target C...

& Error Log & Console

<‘====> Linked: HelloWorld_Linwe_FVP -

Preparing the debug session
Debug session has been started, connecting to gdbserver

Child exited with status @

GDBserver exiting

= 0
Bl Ge kB 7
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8. Step Through the Application

Use the controls provided in the Debug Control view to step through the application.

Figure 8-1: Step through controls in Debug Control.

#5 Debug Control 22 | [(5 Project Explorer

R R e R T |

~ & HelloWorld_Linux_FVP connected

& Thread 1143 #1 stopped on breakpoint #1 (USR)

Status: connected

Figure 8-2: Continue Button
B

Click to continue processing code.

Figure 8-3: Pause Button

Click to interrupt or pause processing code.
Figure 8-4: Step Through button

i

Click to step through the code.

Figure 8-5: Step Over button

L

Click to step over source line.

Figure 8-6: Step Out button

-

Click to step out.
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Step Through the Application
Figure 8-7: Step instruction

=
=

This is a toggle. Select this if you want the above controls to step through instructions.
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Disconnect from the debug connection

9. Disconnect from the debug connection

To disconnect from a debug connection, you can do one of the following:

e Right-click the connection and select Disconnect from Target

* Select the connection and in the Debug Control view toolbar click %

e Double-click on the selected connection.
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