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Overview

1. Overview

Follow the steps in this tutorial to migrate an existing Arm Compiler 5 bare-metal project to an
Arm Compiler 6 bare-metal project. Once you have completed the migration, you can rebuild your
executable and run it on a Fixed Virtual Platform (FVP) model provided with DS-5.
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The Fireworks project

2. The Fireworks project

To show you the steps to migrate your project, this tutorial uses the Fireworks example project
built with Arm Compiler 5. This example is included in DS-5. The steps in this tutorial can be easily
adapted to work on your individual projects.

We also provide the Fireworks example built with Arm Compiler 6, but for the purposes of this
tutorial, we are ignoring it.
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Importing the Fireworks project example into the DS-5 Eclipse

workspace

3. Importing the Fireworks project example
into the DS-5 Eclipse workspace

To import the Fireworks project example into the DS-5 Eclipse workspace, do the following:

Launch Eclipse for DS-5 from the Start Menu.

Select a workspace for your DS-5 projects. The default workspace is fine.

Close the Welcome screen, if it appears.

Select File > Import.... to open the Import Selectio dialog.

Expand the DS-5 group and select Examples and Programming Libraries. Click Next.
Expand the Examples group, then expand the Armv7 Bare-Metal group.

N oA e

Several Armv7/-based bare-metal examples are provided, including startup code and simple
applications for a variety of Cortex-A, -R and M-family platforms. For this tutorial, select
fireworks_ A9-FVP_ACS.
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Importing the Fireworks project example into the DS-5 Eclipse

workspace

Figure 3-1: Importing the Fireworks project example into the DS-5 Eclipse workspace

£ Import Examples and Programming Libraries

Import D5-5 Examples and Programming Libraries

Select D5-5 examples & programming libraries to import in to current
workspace

@f(' >

type filter text

~ [H] Examples
~ [m] Armv7 Bare-Metal

[] calendar_Armv7-A_ACS
[] calendar_Armv7-A_ACH
[] calendar_Arrmvi-A_GCC
fireworks_AS-FVP_ACS
[] fireworks_AS-FVP_ACE
[] fireworks_AS-FVP_GCC
[] fireworks_AS:1-FVP_ACE
[[] fireworks_A%1-FVP_GCC
[] fireworks_beagle
[] fireworks_panda
] fireworks_snowball
[] flash_algo-5TM32F10x
[] flash_blinky-MCBSTM3IZE
[] flash_example-FYP-Adxd
] ITM_Cortex-M4_MPS52
[] optimization
[ ] optimizationZ
[] optimization3
[] overlay_manager
[] smp_primes_A15x2-CoreTile

Description

Cortex-A%d FVYP model,

Fireworks example to demonstrate support for building and debugging Armv7-4 SMP
bare-metal applications with Arm Compiler 3 and D5-5 Debugger. The example runs on
the multi-core Cortex-A%4 FVP model, The example can also run on the single core

O &

IHE

Working sets
[ ] Add project to working sets Mew...
Waorking sets Select...
@ o[RS
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Importing the Fireworks project example into the DS-5 Eclipse

workspace

8. Click Finish. The Project Explorer view populates with the project. You can view the imported
example in the Project Explorer view.

Figure 3-2: Fireworks project example in Project Explorer

[ Project Explorer 52 == |

v 5 fireworks_AG-FVP_ACS!
[t Includes
= src
= fireworks_AC5-Cortex-AS¢1-FYP.launch
firewaorks_ACS-Cortex-A%d-FVP.launch
fireworks- Cortex-A%M-FVP. axf
| @ makefile
o readme.html
[€] scatter.scat

EN e
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4. Building the Fireworks example

To import the Fireworks project example into the DS-5 Eclipse workspace, do the following:

The Fireworks project we just imported is pre-built, that is, the executable is already available in
the project. But it is worthwhile rebuilding the project to understand how to start the project build
process and to ensure DS-5 is setup correctly.

Depending on your version of DS-5, the imported project may attempt to auto-generate makefiles
instead of using the provided one which we will be modifying in this tutorial. To fix this, make sure
that generate makefiles automatically is unticked and then remove /Debug from the end of the
Build directory path.

You can find these settings by right clicking on the imported example project, then Properties > C/
C++ Build.

This will allow DS-5 to use the provided makefile and the makefile to write into the obj directory in
the project root directory.

To clean the project, right-click the fireworks project and select Clean Project to remove the
contents of the obj directory, if it already exists.

Then, to build the project, you can either:

e Right-click the project and select Build Project, or

On the main menu, click &/ button to start the build process. That is it, you have now built
your project!
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5. Running your application

To run the application you just built, you can use the Cortex-A? FVP models provided with DS-5.

You can use FVP models to run your image when you do not have access to
hardware, for example when the design is not yet completed, or where hardware
prototype boards are scarce. Your software development can start early with FVPs
which reduces the time to market for your product.

The Fireworks project contains . 1aunch files:
Figure 5-1: .launch files

[ Project Explorer 52 0% ¥ = 8
[ Proy P =

a4 =5 fireworks_AQ-FVP_ACS
» [at Includes
= obj
[ srC
fireworks_ACS-Cortex-A91 -FVP.launch
Z| fireworks_ACS-Cortex-A%xd-FVP.launch
fireworks-Cortex-A9xN-FVP.axf
| @ makefile
@ readme.html
[ scatter.scat

=

i 1] | 3

o fireworks-AC5-Cortex-A9x1-FVP.launch - Simulates a single-core Cortex-A9 system.

o fireworks_AC5-Cortex-A9x4-FVP.launch - Simulates a quad-core Cortex-A9 system.

A launch file instructs DS-5 Debugger what target to connect to, what files to
download, which breakpoints to set, and so forth. Launch files are created from
the Debug Configurations dialog. We provide them with our examples as an easy
method to get you up and running out of the box.

For this tutorial, we are using the single-core configuration:

1. Right-click fireworks AC5-Cortex-A9x1-FVP.launch and select Debug As > fireworks_AC5-
Cortex-A9x1-FVP.

2. If DS-5 asks if you want to change perspective, click Yes to switch to the Debug
perspective. DS-5 automatically launches the FVP model, downloads the application,
sets a breakpoint on the main () function, loads debug information into DS-5 Debugger,
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and runs to main(). You should get a view similar to the following screenshot:

© Ds-5_Worksp: fireworks A9-FVP_A - Ecip - X
File Edit Source Refactor Navigate Search Project Run Window Help

ID-HQ BiIEi# AP A E - F D [Quick Access | g | B[
% Debug Control &2 s = O [ Commands 32 [ His B BEE S~ % = O - Vericbles % Breakpoi.. X o R 10 Functions g TraceC.. = O
o v % %| Y EX- YT 2 G Linked: freworks ACS-Cortex-ASX1-FVP + XKIW® T
v T fireworks_ACS-Cortex-ASKI-FVP connected Comectad o stopped ganges AW AP (Instalied with 05.5) - Ve Cortex fons % Linked: freworks_ACS-Cortex-ASK1-FVP +
- Comn z
5 ARMCortrcA9 1 stopped on breakpoint (515) Serking diraseory ~C:\05-5 orkspace”
Loadfile “C:\05-5 lorkspace\firevorks A9-FUP_ACS\firenoris-Cortex-ASKl-FUP.axf*
Execution stopped in SVC mode at 5:0xB0000000
S:ox0e000000  DCT oxe7ffm10 5 2 Undefined
Loaded section EXEC: 5:0xB0000000 ~ 5:0xB0B24C33 (size @x24C34)
Loaded section EXEC, 310r30024C34 5100802528 (ire OxESD)
Entry point 5:0x50000000
56t debug-from main
Stvtlng farget with Lasge C:\DS-S Morkspace\firevorks_A3-FUP_ACS\Firevorks: Cortex-A9ui-FyP.sxf
ing from entry point
Execution stopped in SYS mode at breakpoint 1: 5:0x50000BAA
In main.c
SIOOOSA 71,3 uart init();  // in uart.c
Deleted temporary breakpoin
Status: connected CommandkPress (Crl+ Space) for Content Assist || submit
(@ mainc 52 = [ 4} Disassembly 52 -] Memory = Stack g Trace (- Events 5= Outline ¥ =0
s} ~ G Linked: freworks ACS-Cortex-ASK1-FVP +
] B 5D - [<Net truction> T[00
61 //run the fireworks!! Address | Opcode | Disassembly
52 Fireworks(id); S:axs000059 WL a
6 5:ex50000840 5 main_app+42 ; 0xG0000B9A
6 for(;3) {} //loop forever 5:0x80000842 WV ro,ra
B S:oxs0000844 5L Fireorks ; 0x5000050C
66 5:exs0000545 5 nain_app+56 ; GxE0000BAS
67 main
68 // this main() is only executed by CPU @ © | s:exso0008a4 BL uart_init ; 0x80000EA0
59- _attribute_((noreturn)) void main(void) S:exs000054E R o, (pepsente ; oxsaaoacso
70| 5:exs0000580 BL _2printf ; 0x500001
® 71| Cuart anit();// in uart.e oxB0000854 R Tar(pcrioned s oxea0css
72 5:ex50000555 5L _2printf ; 0x50000F70
73 printf("\nDS-5 Armv7-A Fireworks Example, using Arm Compiler S\mn"); 5:exs0000558 B Setup_screen ; 0xG000035
74| printf("Click on USERSHL to stop/restart the Banner\n\n®); 5:exs000085€ BL init_Tiner ; 0xB0000E2
75| setup_screen();  // in fireworks.c 5:0x800005C2 AR ro,{pc}+0x106 ; 0x30000ccs
76| init_Eimer();  // in timer_interrupts.c S:exs00005Cs 5L _2printf ; 0xG0000F70
77 printfCRumning Fireworks on CoREON"); 5:exs00005Cs BLX  gethumCPUs ; 0x5000154C
78 if (gethunCPUs() == 1) 5:ex800005CC cwp 81
79| printé(-Aunning samer on COREO\N"); BCE BN main+4d ; 0xB0000506
50 if (gethusCPUs() > 1) 5:ex50000500 AR ro,{pc}+6x1ls ; 0x30000ces
81| sendSGI(oxe, OxOF, @x01); // Wake the secondary CPUs by sending SGI (ID 0) 5:exs0000502 B _2printf ; 0x80000F70
a2 5:0x80000506. BLX  getNumCPUs ; 0xB00154C v
5 _enable_irq(); 1/ acacs. compiler intrinsic
54 B Terget Console 37 ©
5 main_app(); /1 start the main application with the other CPUS 3 Linke freworks ACS-Cortex-AQKI-FVP
86 -
BN Listening for serial connection on port 5001 N
s Listening for serial connection on port 5062
832 // Called by the C Library to get the address of the per-thread Libspace Listening for serial comection on port 5003
9 // Return a separate space for each CPU Fast Models Trace server for DS-5 11.2.3
Cievotd * _ user.perthread. ibspace (void) Fast todels Trac o.00.0 portizicas

92 { CAOL server started Listening 1o port 7060
93 return user_perthread_libspace[ getcPUID() 1
9 )

= Info: FVP_VE_Cortex_ASxi: CADI Debug Server started for ARM Hodels. ..
3751/ Colled by the C Library to initialize the putex € an unlocked state. GOL server i reported on port
98 // Return a nonzero value to indicate to the C library that it is being used in a multithreaded environment Fast Models T cepting mbound connection

99 int _mutex_initialize(rutex_t *m) . Fast Models Trace: Comectest
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To continue execution, click = Button. The fireworks display starts up in a separate window.
B Fast Models - CLCD Cortex-A%x1 VE FVP — X

ARM DS.S: ngelopment tools for

Multi-core debugg"8 and ¢

race

You have now imported the project, rebuilt it, and then run the application on a FVP model. Now,
click Disconnect button to stop the simulation.
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6. Clean and rebuild the project

Changing the compiler means we have to rebuild all the object files from scratch. Right-click the
fireworks project and select Clean Project to remove the contents of the obj directory.

The changes are not complete yet, but just to see what happens, we are going to build the project.
Right-click the fireworks project and select Build Project. You can view the results of the build in
the Console view. The build fails with the error message:

Figure 6-1: Error message

& Problems J= Tasks EC

%2 | [C] Properties | [+] Streamline Data | &5 Debug Contrel g Trace |
teBEEEE B0
CDT Build Console [fireworks_A9-FVP_ACS]

15:45:23 **** Build of configuration Default for project fireworks_A9-FVP_ACS **%*
make all I
mkdir obj

Compiling src/timer_interrupts.c...

makefile:86: recipe for target 'obj/timer_interrupts.o’ failed

process_begin: CreateProcess(NULL, armcc -c --cpu=Cortex-A9 -g --thumb -01 -Otime -DSTANDALONE -Isrc
-I../ARM --depend=cbj/timer_interrupts.o.d --depend_format=unix_escaped --no_depend_system_headers -o
obj/timer_interrupts.o src/timer_interrupts.c, ...) failed.

make (e=2): The system cannot find the file specified.

»

m

make: *** [obj/timer_interrupts.o] Error 2

15:45:23 Build Finished (tock 235ms) m

This is because even though we have changed the default compiler for the project to be Arm
Compiler 6, the Eclipse project for Fireworks is a makefile project as opposed to a managed
project), and the makefile still references Arm Compiler 5 (armcc). As part of switching the compiler,

you need to make some additional changes to the project for it to build correctly with Arm
Compiler 6 (armclang).
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7. Modifying the makefile

This project uses a makefile with the actual compiler calls embedded in it. We need to make
changes in the file.

We are going to make changes in two stages:

e In the first stage, we are going to specify which compiler to use.

e Inthe second stage, we are going to specify which compiler options to use.

Copyright © 2019 Arm Limited (or its affiliates). All rights reserved.
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8. Specifying which compiler to use

We are going to specify which compiler to use with the following steps:

In the Project Explorer view, browse the Fireworks project and locate the makefile file.
Double-click the file to open it in the editor.

Change the entry cc = armcc to cc = armclang. armcc is the name of the Arm Compiler 5
binary. We are replacing this with the name of the Arm Compiler 6 binary, which is armclang.

4. Save the makefile.

We have not finished making changes, but to see what happens, right-click and rebuild the project.
The build fails with the following errors:

Figure 8-1: error message

& Problems J=| Tasks EC

22 | [C] Properties | [+ Strearnline Data | &5 Debug Control ¢ Trace = O
BB 8O-
CDT Build Cansole [fireworks_A9-FVP_ACS]

18:39:89 **** Tncremental Build of configuraticn Default fer project fireworks_ A9-FVP_ACS *¥¥* .
make all N

Compiling src/timer_interrupts.c...

armclang.exe: error: unsupported option '--cpu=Cortex-A9°

armclang.exe: error: unsupported option '--thumb’®

armclang.exe: error: unsupported option '--depend=cbj/timer_interrupts.o.d’ -
armclang.exe: error: unsupported option '--depend format=unix escaped” 1
armclang.exe: error: unsupported option '--no_depend_system headers’

armclang.exe: fatal error: no target architecture given, use --target=triple
make: *** [obj/timer_interrupts.o] Error 1
makefile:86: recipe for target 'obj/timer_interrupts.o' failed

18:39:1@ Build Finished (teck 584ms)

This is because the makefile is attempting to use armec command-line options with armclang.
armclang and armcc use different command-line options. The second set of changes translate the
armcc OptiOﬂS into armclang options.
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9. Specifying which compiler options to use

With the following steps, we are going to specify which compiler options to use:

1. Locate the below text in the makefile:

DEPEND FLAGS = --depend=$@.d --depend format=unix escaped
-—cpu=$ (CPU) $ (DEBUG FLAGS) --$(CODE_TYPE) -0$(OPT LEVEL) -0$ (OPT FOR)
$ (DEFINES) $ (INCLUDES) $ (DEPEND FLAGS) --no depend system headers $ (SUPPRESS)

CFLAGS =

AFLAGS =

--cpu=$ (CPU) $ (DEBUG_FLAGS) --apcs=/interwork $ (DEPEND FLAGS)

$ (SUPPRESS)

2. Replace it with:

DEPEND CFLAGS
DEPEND_ AFLAGS

-MF $@.d
--depend=$@.d --depend format=unix escaped

CFLAGS = --target=arm-arm-none-eabi -m$ (CODE TYPE) $ (DEBUG FLAGS) -0S$ (OPT LEVEL)
-mcpu=$ (CPU) $ (DEFINES) $(INCLUDES) $(DEPEND CFLAGS) -MMD $ (SUPPRESS) a
AFLAGS = --cpu=$(CPU) $(DEBUG_FLAGS) --apcs=/interwork $ (DEPEND AFLAGS)

$ (SUPPRESS)

None of the assembler options (arLaGs and DEPEND AFLAGS) Or linker options (LFLaGS) need
changing since these tools are included in Arm Compiler 6 and are backwards compatible with Arm

Compiler 5.

To summarize the changes required in the makefile:

Description Arm Compiler 5 Arm Compiler 6

Change compiler binary name armcc armclang

Specify the target architecture None (only AArch32) -target=arm-arm-none-eabi
Select CPU -cpu -mcpu

Generate Thumb code -thumb -mthumb

Optimize for time -Otime None (default)

Writes makefile dependency lines to a file during compilation ~-depend=$%$@.d -MF $@.d

Specifies the format of output dependency files —-depend_format=unix_escaped None (default)

Disables the output of system include dependency lines -no_depend_system_headers -MMD

See the Arm Compiler Migration and Compatibility Guide for more information about migrating
from older versions of Arm Compiler to Arm Compiler 6.
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10. Modifying your code

Now that you have made the necessary modifications to your makefile, you have to make some
changes to your code.

1.

Rebuild the project and view the errors and warnings generated in the Console view:

Figure 10-1: Console view

Prob s @& Console & Properties & 4[5l 6B &8 & #B~-m~=0
CDT Build Console [fireworks_A9-FVP_AC5]
©9:52:08 **** Build of configuration Debug for project fireworks_A9-FVP_ACS5 **** ~
make all
mkdir obj

Compiling src/timer_interrupts.c...

Compiling src/banner_data.c...

Compiling src/main.c...

src/main.c:69:27: warning: return type of 'main’ is not 'int' [-Wmain-return-type]
__attribute_ ((noreturn)) void main(void)

src/main.c:69:27: note: change return type to "int'
__attribute_ ((noreturn)) void main(void)

int
src/main.c:83:3: warning: implicit declaration of function '__enable_irq"' is invalid in €99 [-Wimplicit-function-declaration]
__enable_irq(); // armcc compiler intrinsic

a

2 warnings generated.
Compiling src/Fireworks.c...
Compiling src/screen.c...
Compiling src/fuart.c...
Compiling src/retarget.c...
src/retarget.c:35:9: error: '#pragma import’ is an ARM Compiler 5 extension, and is not supported by ARM Compiler 6 [-Warmcc-pragma-import]
#pragma import(__use_no_semihosting)
A

1 error generated.
make: *** [makefile:88: obj/retarget.o] Error 1

©9:52:12 Build Finished (took 3s.67@ms)

Diagnose and fix the errors and warnings:

a. Thereturn type of the main function: void is not allowed in standard C. You can fix this by
replacing the following line in main.c:

__attribute ((noreturn)) void main(void)
With

__attribute ((noreturn)) int main(void)

b. The function enable irg() is supported by Arm Compiler 6 in a compatibility header file.

Add #include <arm compat.h> to the top of main.c.

C. #pragma import is not supported by Arm Compiler 6 and must be replaced by the

assembler directive equivalent. Replace the following line in retarget.c:

#pragma import( use no_semihosting)
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With
asm(".global use no semihosting");

3. Rebuild the project again.
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11. Running the modified application

You have completed all required changes to the project and the executable is ready to be run on
the FVP.

Switch to the DS-5 Debug perspective.

2. In the Debug Control view, either double-click fireworks_AC5-Cortex-A9x1-FVP or right-click
and select Connect to target.

3. Click Continue.

Figure 11-1: Running the modified application

&% Debug Control &1 | [( Project Explorer 48 Remote Systems = 0
SIS 8 I R f 002 A B
- [ Continue (F&)

4 ‘ fireworks_ACS-Cortex-A%x1-FVP connected

- * ARM_Cortex-A9 #1 stopped on breakpoint

= main
M fireworks_ACS-Cortex-A%d-FVP disconnected

Status: connected

You can view the fireworks output running successfully.
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12. Converting assembly code

A further step would be to convert the assembler format used from armasm format to cas format
that can be consumed by armclang’s built-in assembler. The instructions are the same in both
formats, but the assembler directives, predefined macros and comment characters are different. If
you are writing new assembler in cas format, it can be assembled with armclang -x assembler-

with-cpp.
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