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The Nomadik family of multimedia application processors are targeted at the mobile phone
and portable multimedia markets. Nomadik processors are multicore processors, consisting
of a single processing core (an ARM core) and a number of audio and video accelerator
cores (also known as media processor cores). Applications intended for the Nomadik
processor can take full advantage of the multi-core architecture by distributing their
functionality between all the available cores, thereby gaining advantages in terms of speed
of execution, small memory footprint and power consumption.

This manual provides a brief overview to the process of developing firmware for Nomadik
processors, and also introduces the concepts the Nomadik Multiprocessor Framework
(NMF), which is provided specifically for designing and developing distributed, multimedia
applications for the Nomadik processor.
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Nomadik toolset

Preface

Comments on this manual should be made by contacting your local STMicroelectronics
sales office or distributor.

Nomadik Toolset documentation suite

4/36

The Nomadik Toolset documentation suite comprises the following volumes:

Nomadik Toolset getting started

ADCS 8087207. This manual describes the principles of the Nomadik Toolset and provides
some basic worked examples.

Nomadik MMDSP+ Toolset

ADCS 8086787. This manual describes the Nomadik MMDSP+ Tools for compiling,
debugging and simulating MMDSP code on Nomadik cores.

NMF programming model

ADCS 8071313. This manual describes the Nomadik multimedia framework (NMF)
programming model that is used to define the Nomadik component-based projects.

NOMADIK toolset system trace

ADCS 8101318. This document briefly describes how to operate the system trace
mechanism within the Nomadik Toolset environment.

Nomadik debugging configuration

ADCS 8105391. This document describes the configurations supported by the toolset for
the various debuggers that can connect to the Nomadik boards.

ST ARM GDB debugger

ADCS 7833754. This manual provides information about starmgdb debugger specific
commands and connection. It provides the ARM semi-hosting support for hardware target,
0S21 thread awareness and a command for monitoring the component status of NMF
applications

Trace32 for Nomadik

ADCS 8063903. This manual describes how to use Trace32 to configure and connect to a
target board through a PowerTrace or PowerDebug box.

armgcc interoperability with RVDS/RVCT

ADCS 8108043. This manual describes how to write source code that can be compiled by
both the armgcc and the ARM RVCT compiler, as well as how to mix object modules coming
from both compilers into the same application.
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GNU ARM

This is the full set of Gnu documents describing how to compile, assemble, link debug and
profile applications on the ARM core using the standard GNU tools.

Conventions used in this guide

General notation

The notation in this document uses the following conventions:
e sample code, keyboard input and file names,
e variables, code variables and code comments,

e equations and math,

e screens, windows, dialog boxes and tool names,

e instructions.

Software notation

Syntax definitions are presented in a modified Backus-Naur Form (BNF) unless otherwise

specified.

e Terminal strings of the language, that is those not built up by rules of the language, are
printed in teletype font. For example, void.

e Nonterminal strings of the language, that is those built up by rules of the language, are
printed in italic teletype font. For example, name.

e If a nonterminal string of the language starts with a nonitalicized part, it is equivalent to
the same nonterminal string without that nonitalicized part. For example, vspace-
name.

e Each phrase definition is built up using a double colon and an equals sign to separate
the two sides (‘: : =").

e Alternatives are separated by vertical bars (‘|).

e Optional sequences are enclosed in square brackets (‘[’ and ‘1").

e Items which may be repeated appear in braces (‘{’ and ‘}").

Acknowledgements

ARM®, Multi-ICE® and RealView® are registered trademarks of ARM limited in the EU and
other countries.

windows® is a registered trademarks of Microsoft Corporation in the United States and/or
other countries.

®

Linux™ is a registered trademark of Linus Torvalds.

Trace32%is a registered trademark of Lauterbach Datentechnik GmbH.
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Terminology

ST Micro Connect

The first ST Micro Connect product was named the “ST Micro Connect”, it is now known as
the “ST Micro Connect 1” and the term “ST Micro Connect” is used to refer to the family of
ST Micro Connect devices. The latest product is the “ST Micro Connect 2”. In some
instances these names are abbreviated to “STMC”, “STMC1” and “STMC2".

CheapTap

CheapTap is an ST development box that is not for widespread distribution.

J
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Note:

Introduction

The Nomadik Toolset is an integrated collection of compilers, linkers, debuggers and other
related software for developing and debugging multimedia firmware and software for all
available configurations of the Nomadik multimedia application processor. Because the
Nomadik has multiple cores with different architectures, a specific set of tools is required to
develop software components for each of the different types of core.

The tools are as follows:

e ARM GNU code generation and debug tools (for the main processor core)

e ARM RVDS code generation tools (also for the main processor core)

e MMDSP+ code generation, debugging, simulating and profiling tools (for the media
processor cores)

Only one from the ARM GNU compiler tools and the ARM RVDS compiler tools are required
for developing applications, although both sets may be provided as part of the Nomadik
Toolset. The ARM GNU compiler tools are the default toolset.

The toolset includes the Nomadik Multiprocessor Framework (NMF) tools for designing and
developing Nomadik applications that take full advantage of the multi-core architecture.

The toolset also includes the STWorkbench integrated development environment, based
upon the Eclipse open development platform, see www.eclipse.org.

Nomadik supports a wide range of operating systems; these include Symbian, Linux and
WInCE, see Figure 1.

Figure 1. Multimedia applications
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The Nomadik Toolset software runs independently of the final operating system and is
complementary to, and inter-operable with, existing OS aware tools.

The NMF provides a framework for addressing the problem of distributing the software code
execution intelligently between the ARM and MPC cores. The underlying concept behind
NMF is the component, which is a self-contained software unit designed to carry out a
particular task. Components communicate with one another using interfaces, which means
a completed application is essentially a network of components, all linked together by their
various interfaces.

The Nomadik toolkit has tools for developing and debugging components, tuning their
performances, and finally integrating them together into a final application.

8087207 7/36
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Development flow for the multimedia application

This chapter describes the various stages of software development using the Nomadik
Toolset.

The top-down approach for developing multimedia applications using NMF is as follows.

1. Product software design. Identify the multimedia applications that are required for the
final product, see Section 2.1: Product software design.

2. Multimedia application architecture design. Identify the individual components that are
to be networked together to create each of the final multimedia applications identified at
step 1, see Section 2.2: Multimedia application architecture design.

3. Multimedia application development and test environment. Develop and test the
components identified at step 2 outside of the final OS context, see Section 2.3:
Multimedia application development and test environment.

4. Integrate the components that were developed and tested at step 3 into a multimedia
application in the target operating system, see Section 2.4: Integration of the
multimedia application in the final OS.

Product software design

A product that uses a Nomadik processor requires a set of applications to provide the
multimedia functionality that a consumer expects. Such applications typically provide a
combination of audio, video and imaging features.

At this high level, the application design does not need to be tied to any underlying operating
system, see Figure 2.

Figure 2.  Final product software
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2.2

Multimedia application architecture design

A distributed, multimedia application running on Nomadik comprises a nhumber of individual
components. Each component is dedicated to carrying out a specific task, and each
component communicates with others through its interfaces. NMF provides two low-level
software applications, the “component manager”, and the “execution engine” that schedules
the components, allocates resources to and facilitates communication between the
components and the underlying operating system.

To construct the finished application, these self-contained components are the “building
blocks” that link together by means of their interfaces. Components and their interfaces
should be designed to be as flexible as possible so that any given component can be reused
in different contexts and be shared between different applications.

When an interface is implemented for a component, it fulfils one of two different roles, either
as a provided interface (that is, it provides a service to other components) or as a required
interface (that is, it requires a service from another component). Figure 3 shows the
provided and required interfaces of a component.

Figure 3. NMF components

Interface Interface
provided required

—

NMF
Component

Each provided interface is “bound” to the required interface of another component. The
binding of interfaces is supervised by the underlying NMF software and requires only
minimum involvement from the developer. The result of this interface binding is a multimedia
application constructed from a network of components, see Figure 4.

Figure 4. Multimedia application

Multi-Media Application

The principles of NMF are explained in more detail in the Nomadik multiprocessing
framework programming model (ADCS 8071313).
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2.3 Multimedia application development and test environment

The development and initial testing of a multimedia application is done on a PC running
Microsoft Windows or RHEL Linux. This phase is carried out under the STWorkbench
development environment using either the MPC core simulator that is provided as part of the
Nomadik Toolset, or the connection to real silicon. Initially, components can be developed
and tested individually and then linked together (using their interfaces) to be tested in
context.

A demonstration or a test program for a multimedia application can be developed entirely
within the PC environment, for example, to investigate the performance of the application
design. Fine tuning the balance between components’ execution can be undertaken as part
of this testing phrase, see Figure 5.

When the application satisfactorily performs on the PC, the application can be migrated to a
test board that features a Nomadik processor with the same configuration as the final target.
Final testing and adjustments are carried out as part of this phase.

The Nomadik Toolset provides a range of tools for these phases of the development
process. The following lists some of these tools.

e C code generators and debug tools for the various Nomadik cores.

e A set of debug tools for the various Nomadik cores.

e 0S21is areal-time OS environment for the ARM core that provides thread support,
interrupt services and other basic features.

e OSPlus is an extension of OS21 for system integration that provides high speed file-
system access on external devices present on the development boards.

e The NMF Component Manager, integrated with OS21, that provides the services for
instantiating and starting component execution.

e The NMF Execution Engine is a lightweight type of scheduler that runs on Nomadik
MPC cores.

e  Multi-core debug tools for both Nomadik silicon platforms (boards) and Nomadik virtual
platforms (SoC simulators) that include 0S21 and NMF-aware features.

e System level views that provide system information about the application distribution
among the Nomadik cores.

e System profiling tools that offer dynamic information on the multimedia application
executing on the Nomadik cores.

e Platform utilities for system-level configuration, flashing and security tools.

J

10/36 8087207




Nomadik toolset Development flow for the multimedia application

2.4

Figure 5. Multimedia application development and test environment
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Integration of the multimedia application in the final OS

The Nomadik Toolset ensures the portability of multimedia applications between an NMF
development project to the final application running under the final operating system. This is
achieved through the use of an NMF Component Manager implementation, which is specific
to the final operating system, see Figure 6. NMF Components that have been created using
an NMF project do not have to be recompiled and can be transferred directly to the final
operating environment.

Figure 6. Integration of the multimedia application in the final OS
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Working with an NMF Project

This chapter briefly describes how to create and manage an NMF project using the
STWorkbench integrated development environment. For a full explanation of the MMDSP+
Toolset, see the Nomadik MMDSP+ toolset user manual (ADCS 8086797).

What is an NMF project?

All the source codes and related files required for the development of a multimedia
application using NMF are organized into a single NMF project. The project can be
maintained from the STWorkbench or by using command line tools.

All the files related to a project are held in sub-directories of the project directory. The project
directory has the same name as the project.

An NMF project is typically subdivided into a number of parts. One part of the project
contains the code for the software targeted to the ARM core (the ARM area) and the other
component parts contain the code for the software that is targeted to the various MPC cores
(the component area).

A set of coding guidelines and compiler options are provided to ensure the interoperability of
the Nomadik Toolset with third party tools like ARM RVDS or Lauterbach, and with code
already developed with the ARM RVDS tools.

An NMF project can be created for the following two kind of test environments.

e The NMF-BARE test environment, which integrates a minimal support of execution
environment for the code running on ARM core.

e The NMF-OS21 test environment, which integrates the access to the OS21 services for
the test program running on ARM.

The NMF test environment has no impact on the binary NMF components produced by the
NMF project. All the examples described in this document refer to the NMF-OS21 test
environment.

How to manage an NMF project

We recommend that managing NMF projects is through a set of makefiles that can be called
either from the command line, or from STWorkbench through a Makefile project. A set of
example makefiles are delivered in the <install dir>/nmf/examples directory.

J
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3.2.1

Note:

Building makefiles for an NMF project

The NMF project makefiles call the following tools.
e The NMF command line level tools.
e The ARM command line level tools.

The ARM tools are either the ARM RVDS or ARM GNU tools. The ARM RVDS tools are
described in documentation provided by ARM.

The ARM GNU command line tools are described in the following documents:
—  GNU C preprocessor and compiler manuals

—  GNU Assembler

—  GNU Linker

—  GNU Binutils

—  GNU Profiler

—  GNU Debugger

The armgcc interoperability with RVDS/RVCT user manual (ADCS 8108043) gives
information on how to use ARM RVDS and ARM GNU compilers together.

e The MMDSP+ command line level tools, see the MMDSP+ toolset user manual (ADCS
8071313).

Makefiles can be directly executed from the Nomadik Toolset command prompt environment
on Windows. The Nomadik Toolset provides the make tool, as well as the minimal Unix-like
utility tools which are a subset of MSYS. See <install dir>/bin/msys/1.0/bin fora
full list of these tools.

No specific support is provided on Linux.
All examples described in this document are based on the Windows platform.

There is no specific rule to follow for writing makefiles for NMF projects. However, we
recommend that a new NMF project makefile is derived from one of the examples delivered
inthe <install dirs>/nmf/examples directory. These examples handle many target
variants (such as the Nomadik chip version, the ARM code generation tools selection, and
so on) that is possibly useful to manage in the project.

Build example
To start the command line demo for the “helloworld” example in the command prompt, type:

cd %$NDKTOOLS%/nmf/examples/helloworld
make NMF_ENVIRONMENT=0s21 NMF_ TOOLCHAIN=gnu

Type make help to get more information on the current configuration supported by the
example.

8087207 13/36
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3.2.2

Caution:

14/36

Managing an NMF project using STWorkbench

To launch STWorkbench, either:

e from the Windows Start menu, select Programs > Nomadik Toolset x.y.z > Nomadik
STWorkbench, or

e type nomadik workbench at the Nomadik command prompt

On first use of STWorkbench, you are required to enter the location of the workspace. The
workspace is the root location of all project files.

On Windows, do not accept the default location of the workspace, which is proposed under
the “Documents and Settings” area. The reason for this is that several Nomadik tools do not
support blank characters.

To create a project, follow the steps below.
1. Select File > New > C Project. The C Project dialog box opens, see Figure 7.

Figure 7. C Project dialog box

C Project p—

Create C project of selected type

Project name: | myhellowork

Use default location

Project types: Toolchain:
== Executable -- Other Toolchain --
= Shared Library ARM Taal Chain
(== Static Library Cygwin GCC
== Makefile project MMDSP Tool Chain
MinGih GCC

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

@ [ Mext = H Finish H Cancel

2. Type a Project name, for example myhellowork.
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Working with an NMF Project

3. Select Makefile project and click the Finish button.
STWorkbench creates and opens the project, see Figure 8.

Figure 8. Hello World example

= CIC++ - C:/STMMNomadik_Toolset - STWorkbench

File Edit Refactor Mavigaste Search Run  Project WMF Trace Tools Nomadik ‘Wwindow Help
= . = e - . [~ . E - - . o 5 | M@ e+ |
| [ R A R G C 5 : %5 Debug 2 Run G, External Taols e =
[ Project Explorer &2 =0 = O | BE outine | #7] Fie sunmary | @ Make Targets 32 = O
2%~ 9l
ER=> myhellowark = myhellowork
[ Includes
[21 Problems | 4 Tasks | Bl console 3 . = Properties o Ci-|® =08
Mo consoles to display at this time.
=
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The next step is to create the project files (sources, makefiles and so on) under this project.
You may also decide to import the full set of files of an existing project. To do this, follow the

steps below.

1. Select File > Import. the Import dialog box opens, see Figure 9.

Figure 9.

Import window, Select

Select

Import resources from the local file syskem inko an existing project.

Select an import source:

|type Filker bext

== General
@3 Archive File
9‘2 EBreakpoints
ﬁ Existing Projects into Workspace

MM
= Preferences
1 Projects with Launch Configurations
= Cjo++
(= Team

@

Cancel
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2. Select the File System source and click on Next. The File system panel of the Import

window opens, see Figure 10.

Figure 10. Import window, File system

File system

Import resources from the local file system,

From directory; EC:'I.STM'l,Nomadik_Toolset 1_0_0_Betalnmfiexamples

|| Browse...

wamples
= comman

COMmSs_mMeasure

= hellowarld
[ mandelbrot
[ mp3

[1E= training
B[] (= userfifo

[Filter Types...] [ Select Al ] [ Deselect All

Into Folder: | myhellowork

Browse. .,

Opkions
|:| Overwrite existing resources without warning
() Create complete Folder structure

(3) Create selected Folders anly

Finishi ][ Canicel ]

case, <install dir>\nmf\examples.

project and the readme file.

5. Inthe Into folder field select the myhellowork folder.
6. Click the Finish button.

8087207

In the From directory field, select the directory containing the existing project. In this

Expand the examples directory and select the common directory, the helloworld
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After the import is completed, you can browse the source files of the NMF project, and start
to modify them, see Figure 11.

Figure 11. Example makefile

& CIC++ - C:/STMMNomadik_Toolset - myhelloworkfhelloworld/simple/makefile - STWorkbench
File Edit Refactor Navigate Search Run  Project  NMF Trace Tools MNomadlk ‘window Help
milhd & @ " e[ @ K- B FsDebug v QR v QuixernalTook - (W ¢ | ] B o | et |
r[\jProject Explarer &2 O g makefile 3 =0 EE Qutling EFHe summary | (&) Make Targets &3 =0
=R ## PATH where NMF package has been installed &
5 25 myhelowork ifeq (§(strip §(NNF_INSTALL_ROOT]),] &= myhelowork
) Includes j(error Please define WMF_INSTALL_ROOT warisb
¢ helloworld Erdif
= distributed
o doc ## Nomadik Multiprocessing Framework Delivery
= share export NMF_DELIVERY PATH = §(MNMF_INSTALL ROOT
== simple . . .
& makefile ## Nowadik Multiprocessing Fremework Examples
read;ne export NMF_EXAMFLES PATH = § (NMF_INSTALL ROOT
## Define Nowadik Targer (default value)
export NOMADIE_TARGET = 8815
## Define Nomadik Cut (defsult value)
export NOMADIE CUT = 20
## Define example MPC (default wvalue)
export EXAMPLE MPC = S44
## Define requested MNMF_CONFIG [default wvalue
export NMF_CONFIG = 3Tnd (NOMADIE TARGET)cutd (]
w
LA remieo oo T mwmTTRmEmRTT Ao S e -
>
[ Probloms | V2] Tasks | & Console 22 Properties a H-|® =0
Mo consoles to display at this time,
I iritable: smart Insert | 1:1
Note: To make this example makefile work, replace the NMF EXAMPLES PATH definition with the

full directory name to the project files in the current workspace. For example:
export NMF EXAMPLES PATH = C:/temp/workspace-beta-pl/myhellowork
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To build this NMF helloworld simple project, first create a dedicated Make target. To do this,
follow the steps below.

1. Inthe Make Targets tab (in the right panel), select the simple, see Figure 12.

Figure 12. Make Targets tab

File Edit Refactor MNavigate

% -
3

B
L]

[ Project Explorer 33

= = myhelowork

[ Tncludes

== helloworld
(= distributed
(= doc
(= share
== simple

[ & makefils

=] readme

e

Search

EivAir & @ - ®- - d5pebug v (PRun - G External Tools -

El

ary - myhellowork/helloworld/simple/makefile - STWorkbench

Run Project NMF Trace Tools Homadik Window Help

= B[ makefile &2

g < ## PATH where NNF package has been installed
ifeq (§(strip §(NMF_INSTALL_ ROOT)),}
§(error FPlease define NNF_INSTALL_ROOT warish
endif

#4 Nomadik Multiproceasing Frawework Delivery
export NNF_DELIVERY PATH = § (NMF_INSTALL_ROOT

## Nomadik Multiprocessing Frawmework Exemples
export NNF_EXAMPLES PATH = §(NMF_INSTALL ROOT

## Define Nomadik Target (default value)
export NOMADIK_TARGET = 8815

## Define Nomadik Cut (default value)
export NOMADIK CUT = 20

## Define example MPC (default wvalue)
export EXAMPLE MPC = Sik

## Define requested WMF_CONFIG (defsult walue
export NNF_CCNFIG = STn§ (NOMADIK TARGET) cutd (]

[2 Problems | ¥ Tasks | B consale 52 ] Properties

Mo consoles ko display at this time.,

=0

-~

~

& 5 [ cic++ |
5% outline | 2 File summary | (@) Make Targets 52~ = O
-3
B 5 myhellowork
B (2 hellowerld
(= distributed
= dac
(= share
# rf-l@ =03
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2. Right-click on simple and select Add Make Target. The Make Target dialog box opens,
see Figure 13.

Figure 13. Create a new Make target

T Create a new Make target E|

Target Mame: | all-osz1 |

Make Target
Make Target: | all NMF_TGOLCHAIN=gru NMF _E |

Build cormmand
IUse defaulk

Build cormmand:

Build Setting
Skop on first build error,

Run all project builders,

I Create H Zancel

3. Type a Target Name (for example, all-o0s21) and type the following to select the
ARM GNU toolchain and the OS21 test environment.

all NMF_TOOLCHAIN=gnu NMF ENVIRONMENT=0s21
4. Click the Create button.

Note: The readme file delivered in the NMF sample directory provides more information on the
parameters of the make files.
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To build the project, expand the simple folder and double-click the all-os21 Make Target.

The Console tab at the bottom of the window displays the output of the build. When the
build is complete, the binary file host . ax£ is visible in the project file list, see Figure 14.

Figure 14. Completed build

ary - myhelloworkfhelloworld/simple/makefi STWorkbench

File Edit Refactor Mavigaste Search Run  Project WMF Trace Tools Nomadik ‘Wwindow Help

i G ™ i EivEiT @ ¢ #5Debug v @Run v G ExternalTools v 0 (8 47 B (Moo |
[ Project Explorer &2 = 0 [ & makefile 52 = O | BE outline | £ File summary | (&) Make Targets 53 - — O
= <)=='=> = ## PATH where NNF package has heen installed # & &

ifeq (§(strip § (NMF INSTALL ROOT)),]

= té myhellowark ER=2 myhellowork

) g:;b Binaries bl tex.'rur Please define NMF_INSTALL_ROOT wvariah 2 &= hellowarld
Fi add.elf - [mrdspyle] eacit [ distribuked
T adder.elf - [mmdspfle] 4% m U B e Dol = doc
25 dac_one o - [rendsple] cmadik Multiprocsssing Framework Delivery & share
export HMF_DELIVERY_PATH = § (NMF_INSTALL_ ROOT
%5 host.axf - [armjle] — — - =

B simple

35 uniop.eff - [mmdsp/le]
5 uriop. of - [mmdsp/le] ## Nomwadik Multiprocessing Framework Examples

&) Includes export NMF_EXAWPLES_PATH = § (MNMF_TINSTALL_ ROOT

(= helloworld . .
= distributed ## Define Nowadik Target [defaultc wvalue)

& doc export NOMADIE TARGET = S515
22 share
== simple

L& makefile
= readme

## Define Nowadik Cur (default value)
export NOMADIE _CUT = 20

## Define exawple MPC (default value)
export EXANPLE NPC = Ski

## Define requested NNF_CONFIG (default walue
export NMF_CONFIG = 3Tn$ (MOMADIE TARGET) cutf (1

e

>
|21 Problems | &) Tasks | & console 52 . = Properties [ E YN 4-|® =0
C-Build [myhellowork]
c:/STH/Nomadik_Toolset_1_0_0_Beta Preliminary/mmf/delivery/hostlih/gec_om_lib_8815. lib ~
c:/STH/Nomadik Toolset_1_0_0_Beta Preliminary/nmf/delivery/environments/ lib/goe_nwf_os21 li
b EBS15b.a
o/ 3TH/Nomadik Toolset_1 0 0 Eeta Preliminary/mnf/delivery/enviromments/lib/gec nmf_cce_lib
a obji/harddisk.o -o ./build/host.axt
make[1] : Leaving directory
“/o/STH/ Nowadik_Toolset_1 0_0_Bera_Preliminary/myhellowork/helloworld/shares/host!

A
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3.3

3.4

3.4.1

Note:

22/36

Designing NMF software architecture

Designing an application that uses the NMF software architecture requires some knowledge
of the NMF methodology. See the NMF programming model user manual (ADCS 8071313)
for more information.

The objective of the architecture design phase is to analyze the functionality of the
application and determine the basic components that are required to provide that
functionality. The next step is to determine, from the list of components, the interfaces that
are required between the components. One of the principles of NMF is that the definition of
the interfaces is kept separate from the implementation of the components themselves.

The interfaces are specified using an NMF specific language called IDL (interface definition
language.)

At the architecture design phase, the decision as to which MPC core is to be used for any
given component has not yet been made.

Implementing an NMF software application

The Implementation phase references two areas within the project, the ARM area and the
Component area.

ARM area

The implementation process requires that a test program or demonstrator is implemented to
run on the ARM core. The purpose of this test program is primarily to deal with the
instantiation of each component on the Media Processor cores of the Nomadik.

The test program has to be implemented following the API described in the online
documentation NMF Components Manager API.

To implement programs for NMF projects to run on the ARM core, there are two sets of
tools:

e ARM GNU compiler tools

e ARM RVDS compiler tools

An NMF project can target the following two test environments.
e The NMF-BARE test environment, which integrates a minimal support of execution
environment for the code running on ARM core.

e The NMF-OS21 test environment, which integrates the access to the OS21 services for
the test program running on ARM.

0S21 is described in the 0S21 User Manual (ADCS 7358306) and OS21 for ARM User
Manual (ADCS 8083358)

To benefit from the OS21 thread-safe calls to the C standard library, the usage of the GNU
ARM standard library (newlib) is mandatory.

In this case, the RVDS code generator can still be used providing that the interoperability
rules are followed, see the armgcc interoperability with RVDS/RVCT user manual (ADCS
8108043).

J
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3.4.2 Component area

Each primitive component is implemented (using the C language) as a stand-alone entity.
Each component must strictly follow the definition of its specified interfaces.

The online documentation NMF Generic MPC API describes how to import the interfaces
required and how to export the interfaces provided by the component.

Note: In this version of the Nomadik Toolset, the components must run on an MPC core and
therefore require to be compiled with the MMDSP+ Compiler.

3.5 Debugging an NMF application in a multi-core environment

Because an NMF application is distributed across a number of different cores, it is possible
that the application requires several different debuggers to run concurrently.

The Nomadik Toolset provides two solutions, these are:

homogeneous, multi-core debug solutions

— STWorkbench provides a solution that is based on the standard Eclipse and GNU
gdb solutions that have been enhanced with 0S21 and NMF aware debug
features, see Section 3.5.1.

—  Trace32 third party debugger provided by Lauterbach provides also a multi-core
integrated solution for Nomadik, with NMF aware features.

Details on how to use the Trace32 debugger on Nomadik boards are described in
the Trace32 for Nomadik user manual (ADCS 8063903).

heterogeneous multi-core debug solutions

This is provided by using one ARM debugger (either starmgdb or any third party
debugger) for the ARM area of the NMF application, and one debugger for each MPC
core for debugging the components. The MPC debugger must be NMF aware. The
MPC debuggers that are available are:

— the mmgdb debugger provided in the Nomadik Toolset
— the mmdsp-Trace32 third party debugger provided by Lauterbach

Multi-core debugging with the ARM rvdebug debugger and the mmgdb debugger is
described in the Nomadik Debugging Configuration user manual (ADCS 8105391).
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3.5.1

Note:

24/36

Debugging an NMF application with STWorkbench

This section refers to debugging an NMF application with STWorkbench.

To debug a multi-core NMF application using STWorkbench, connect the starmgdb
debugger directly to the ARM core and connect one mmgdb debugger for each MPC core
to the Nomadik chip.

Connection boxes provide a single box, multi-core debug solution under the STWorkbench.
Ensure they are plugged between the debuggers and the Nomadik silicon board. The three
supported connection boxes are:

e the ARM RealView-ICE box, connected through ethernet only

Only version 3.0 or later of the RealView-ICE firmware is supported. Refer to the MMDSP+
toolset user manual for more information about RealView-ICE firmware configuration.

e the ST Micro Connect box, connected through Ethernet or an USB port

e the ST Cheaptap dongle, which is a USB JTAG adaptor

To enable concurrent starmgdb and mmgdb debugger connection to the Nomadik chip, the
two ST boxes require the ST Micro Connect server.

The configuration of the connection of the starmgdb debugger to these connection boxes is
described in the STARM Debugging tools User Manual. Additional information related to the
configuration of the connection of the mmgdb debugger to these connection boxes can be
found in the MMDSP+ toolset user manual.

This section assumes that an ARM RealView-ICE connection box is being used, correctly
set up and configured.

J
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Configure STWorkbench to debug the ARM core

Use the following instructions to set up the debugging for the ARM core.

1.

From the Run menu, select Open Debug Dialog, see Figure 15.

Figure 15. Debug window, Main tab

Debug

@ Program does not exist

¥ E ClC++ Attach to Local App
E CIC++ Local Application
; E CJC++ Postmaortem debugg
@ GDE Hardware Debugging
=] ; ST Applications
=57 ARM Debug C/C+H+ Ap)
57 myhellowork
% MMDSP Debug CfC++,
¥ MMDSP Debug CJCH+
i‘é MMDSP Debug MMF Col

< | 2>
Filker matched 2 of 11 items

@

Create, manage, and run configurations

Mame: !Eyhellowork

EF_| Main (9 arguments | g Enwironment | ?;f& Debugger EV Source | =] Common

Project:

| myhellowork

|[ Browse... ]

CiC++ Application:

!C:'l,STM'l,Nomadik_TooIset'l,myheIIowork'l,heIIOworld'l,share'l,host'l,build'l,host.axF | [Search Project...] [ Browse., ]

Apply H Rewvert ]

Close:

Expand ST Applications, select ARM Debug C/C++ Application and click the New

configuration button.

In the C/C++ Application field, browse for the location of the host . axf binary file.
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4. Select the Debugger tab, from the Debugger drop-down list, select ARM GDB

Debugger, see Figure 16.

Figure 16. Debug window, Debugger tab

¥ Debug,
Create, manage, and run configurations
Create a configuration that will debug a ARM program with debugger.
Mame: Emyhe\loworld
”””””” — /|_| Main | (<= rguments B8 Envirarment mﬁy Source | £ Common |
ole] C/C++ attach to Local Applic: : :
~[E] CJC++ Local Application Debugger: |ARM GDE Debugger -
E C/C++ Postmortem debugger
| 5T Applications Stop on starbup sk | example [ Advanced. .. J
57 ARM Debug C/C++ Applic
el myhelloworld
8 MMDSP Debug CfC++ Apy
@ MMDSP Debug ClC++ Att
GDE debugger | starmgdb [ Browse. .. ]
GDE command file: | | [ Browse.., ]
Target selection
Targek { <addr IP:port> 3 | RYID137930102-gioking:4000|
EBoard Initialization
Initialization file: | -Prefiminaryconfiguratiomdebuggeristarmodblcobl5_e01 _132mhz.odb : [ browse. .. ]
GDE Initialization file: | _0_0-alpha-Preliminary|configurationdebuggeristarmodbiadb-nmf.gdb | [ browse. .. ]
¢ 5 Apphs [ et
®

5. Select the Stop on startup at checkbox and type the name of the example user

function.

6. Inthe Target selection area, select GDB Server on RealView Ice and in the Target
field, type the IP name of the RealView-ICE, followed by “:4000”. For example

RVI0154920336:4000.

7. Inthe Initialization file field, type the path to the GDB initialization script that

corresponds to the board.

8. Inthe GDB initialization file field, type the path to the nmf-0s21-ndk15.gdb file.
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Configure STWorkbench to debug an MPC core

Use the following instructions to set up the debugging for an MPC core.

1.
2.

Select Open Debug Dialog from the Run menu.

Expand ST Applications, select MMDSP Debug NMF Component (attach to
running target).

In the Select NMF Executable Engine field, browse for the location of the

synchronous 8815 hsem.elf file
(<install dir>\nmf\delivery\repository\stn8815).

In the Components area, click on Add and browse for the directory where the NMF
components have been built.

Select the Debugger tab and from the Debugger drop-down list, select MMDSP GDB
Debugger.

From the Target drop-down list, select emu.
Select the Emulator Project corresponding to the targeted MMDSP core.

Select the Emulator Protocol which identifies the connection to your board. These are
taken from the hw_targets. cfg file which is described in the MMDSP+ toolset user
manual.
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Start a multi-core debug session

Use the following instructions to start a multi-core debug session.

1. Launch the ARM debug configuration previously created in Configure STWorkbench to
debug the ARM core on page 25. The debug session stops at the user code position,
see Figure 17.

Figure 17. Debug session

Debug - C:ftempfworkspace-beta-p2 - myhelloworkfhelloworld/sharefhost/srcfexample.c - STWorkbench
Edit Momadik window Help

File Refactar

Mavigate Search Project  Run

PP e %5 Debug ~ @3 Run ~ 4 External Tools ~
=
%5 Debug 83 = O |[t9= variab | @ Break % . 8 Expre | il Regist | ®imodu | — O
&5 e W 3o @ = &7 % Y N mEE®Y

= &% arm-rvi-bare (helloworld) [ARM Debug CfC++ Application] »@ Citempiworkspace-beta-pZimyheloworkiheloworldisharelhost
| ARM GDE Debugger (1/18/08 5:49 PM) {Suspended) [0 Ciitempiworkspace-beta-p2imyhelowarkihellowaorldisharethost!
Thread [1] (Suspended)

2 example() srctexample, ;90 0x000006d0

1 main{}) arm_componentsinmfibarelsrcimain, c:200 0x0001275c

g starmgdb (11508 5:49 PM)

Bl Citempiworkspace-beta-p2imyheloworkihelloworldishare) hostbuildihost , axf

%

£ 2L =
readme [2] example.c 53 €] init.c Py o EE Outline |u_§ Disasserbly 52 @ = . Q.
A/ Fou pan find the structure irs O0x000006c8 <examples: stmdb sp!, {r4, r5, r6, r7 A
Jf 1 @ User THIS, you can put v 0x000006cc <example+ds: o r5, ro
¥ output dec _one : Pointer on t B 0x000006d0 <example+8:: 1de rd, [pc, #832] : Ox
CBapi_uniop output dec one = {1 0x000006d4 <example+lis:  mowv r4, ril
OXO000064S <exswple+l6>: sub  sSp, =sp, #4940 ; OXZ5
t_mwf_core_id coreld0 = mpcZoore 0x000006de <example+i0s>: ldmia r0, {r0, ril}
t_nmf core_id coreldl = (argc » O0x000006e0 <exsmpled+24>: add rZ, sp, #24 ; 0x18
O0x000006ed <exsmpled+28>: stwia r2, {r0, ril}

// Handle of the components i 0x000006e8 <example+3Zs: 1dr ro, [r4, #4]

‘(‘-: Tasks & Problems roperties | B console 53

arm-rvi-bare thelloworld) [ARM Debug C/C++ Application] starmgdb {1718/08 5:49 PM)
) T ALCUEW. e o=

Elpy WOL RS EUa PA WY IS L LWL Ry s e 7 GELPy WL S Pl == s G o= a0y 1= LI

w Ol m

Jource directories searched: C:/temp/workspace-heta-pZ/myhellowork;C:/temp/ workspace-heta-p2/myhello —
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Execute the application in the ARM debugger context to a point where the NMF
components have been instantiated before starting to debug the NMF components on
the MPC cores.

At this point, you can open the view of the NMF network that graphically shows the list
of the instantiated components on each MPC core with their interface binding, see
Figure 18. In the Debug window, click the Refresh Status button.

Figure 18. NMF Monitoring

Debug - C:ftemp/workspace-beta-pZ - myhellowork/helloworldfsharefhostfsrcfexample.c - STWorkbench
File Edit Refactor Mavigate Search Project Rum Momadk Window Help

- an e 0 d5Debug v Run - G ExternalTooks - oo : o i5 i_?:_'?f‘_ﬂ_‘:‘_g__ g cioer
*5 Debug 52 = O | 69= variables | ®g Breakpoints 53 . &3 Expressions | 3941 Registers | 23 Modules
5 e e el @ - RTE - FEBEQE
= 57 arm-rvi-bare (helloworld) [ARM Debug CfC++ Application] [Flwe Ciitempiwarkspace-beta-p2imyheloworkihellovorldishareihostisrclexample.c [line: 209]

é@ ARM GDE Debugger (1/18/08 2:49 PM) (Suspended) [J.o Citempiwarkspace-beta-p2imyheloworkihellovarldishareihostisrclexample.c [line: 221]
=5 Thread [1] (Suspended: Breakpoint hit.)
= 2 example() srclexample.c:211 0x00000508
1 maing) arm_componentsinmf\barelsreimain. c: 200 0x0001275¢
B starmgdb (1/16/08 2:49 PM)
B Ciikemplworkspace-beta-pZimyhellowarkihellowarldisharethostibuildihost, axF (1,
< >

[ readme [€) example.c 52~ [ init.c P10 = B | E% outine [ MMDSP Memory Yiewer | (5 Disassembly 52 @ «ap=@ 20

/7 Execute test, give datas to adder input & = 0x00000808 <exswmple+532>: mov r6, r4, lsl #16 ~
PR 0x00000a0c <example+B36>: mov ré, £6, lsr #16
for (loop counter = 0; loop counter < LOCP. 0x00000a10 <exawple+840-: wov r?, r?, lsr #16
i 0x00000&14 <exawple+Sd44=-: b OxbbE <exawple+lod>

t_uintlé a = loop counter; 0x00000a18 <exawple+848-: stregh sp, (4], -rd

t_uintlé b = loop counter + GAP _WITH A 0x00000&1c <exawple+852>: svovs Ox00727245

0x00000&20 <exawple+8S6-: strpl r3, [r0, #-2674]!

/4 Infinite loop until reaction is not 0x00000a24 <exawple+860>: stfvse £6, [r2], #-240

while (({loop counter - pCtx->reac numb: O0x00000&28 <example+86d>: svovs Ox00742065

{ ~ 0x00000aZc <exawple+B68>: stfvse £6, [rlz], #-128 v

< S < | ¥
= Tasks | [2 Problems | F=1 properties | G Console | @ Graph view 54 Ko bR B s
SAA HOST

NMF HOST COMPONENT
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3. Launch the MMDSP debug configuration. The ‘hot attach’ action stops the MMDSP
core in the scheduler code, see Figure 19.

Figure 19. MMDSP core stopped in the scheduler code

¥ Debug - C:ftempfworkspace-beta-p1 - Source not found. - STWorkbench
File Edit Mavigate Search PRun Project NMF Trace Tools Momadik  Window Help

M s ;". FsDebug » €2 Run ~ G External Tooks - &

35 pebug 52 = O 6= variabl 52 B Breakp | [ MMDse | 34 Reqiste | = Madule . T O

= o = @

6 MName Yalue

® Thread [1] {Suspended: Breakpoint hit.)

4 examplel) srciexample,c: 206 0x000084a0

3 testWrapper() srciinit.c:97 0x0001b5c4

2 _os21_task_launch() srcos21srchos21 taskibask.c:
1 <symbaol is not available = 0:x00000000

- starmodb (10/15/07 5:43 PM)

iikempiworkspace-beta-plimyhelloworkihelloworldishareihe
hella-rvi-mmdsp1 [MMDSP Debug MMF Component {attach to runn
MMDSP GDE Debugger (10/15/07 5:55 PM) {Suspended)
=5 Thread [1] {Suspended)
2 sched() scheduler. ;43 0x0000005F
= 1 main() scheduler,c:86 000000075
g mmgdb (10{15/07 5:55 PM)
s CHSTMiMomadik_Toolset_1_0_0_Beta_Prefiminaryinmfidelive

S 2

&

| & makefile 2] example.c [T] 2 Sched() scheduler, &2 = O || 5% outline 52 3 Memary
Can't find a source file at "scheduler.c An outline is rot availsble.
Locate the file or edit the source lookup path to include its location,

Locate File...
Edit Source Lookup Path...

El console 73 i Tasks| {21 Problems =] &
hello-rvi-mmdsp1 [MMDSP Debug MMF Component {attach to running target] mmgdb (10/15/07 5:55 PM)
Connected to the emulator. A
attach
No source file named example.c.

Mo source file named exawple.c.

4. Select the sources for the user code (for example dec_one . c), add a breakpoint in the
oper method and continue the execution of the scheduler. The MMDSP thread should

be in running mode.
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5. Goto the ARM thread and continue the execution. The breakpoint in oper is hit in the
MMDSP Core, see Figure 20.

Note: To correctly restart a debug session on a NMF application, it requires a hardware reset of
the Nomadik chip.

Figure 20. Breakpoint hit in MMDSP component

Debug - C:ftempfworkspace-beta-p2 - myhellowork/helloworld/share/mpcfdec_onefsrc/dec_one.c - 5TWorkbench
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=] MMDSP GDE Debugger (10/18/07 5:52 PM) {Suspended)

/® Thread [1] (Suspended: Breakpoint bty
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3 ScheduleEvent() lowscheduler.c: 22 0x000003ac
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e
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Other types of projects

You can use the Nomadik Toolset to develop single-core software programs that run
independently on any core of the Nomadik chip. These are described as MMDSP+ projects
and ARM projects.

Nomadik MMDSP+ Projects

The Nomadik Toolset has the ability, inside the STWorkbench, to edit, compile and debug
software programs that are intended to run in standalone mode on any MMDSP+ core of the
Nomadik Chip.

If a component requires high CPU consumption, before this component is integrated into the
test environment of a multimedia application, initial development can take place as a stand-
alone MMDSP+ project. The advantage of this is that early evaluation and optimization of
specific algorithms can be carried out before the component is integrated with the rest of the
application. The MMDSP+ simulator provides specific profiler functionalities to assist in this
task.

When testing on real Nomadik hardware, we recommend that the component is integrated
into an NMF project. This is because test programs running under an NMF project are able
to use specific test and measurement features that are not available to MMDSP+ projects.

MMDSP+ Projects can be managed either through make files and direct calls to the
command line level MMDSP+ tools, or by creating an MMDSP+ project graphically
managed under the STWorkbench IDE, see Figure 21 for the creation of the “helloworld”
example of an MMDSP executable type project.

Figure 21. Creating a “helloworld” MMDSP project

C Project

Create C project of selected tvpe

Project name: | mymmdsphello

Use default location

Froject bypes: Taoalchain:
= = Executable ARM Tool Chain
& Hello World T4+ Project Cyguin GCC
@ Hello world AMSI C Project MMDSP Tool Chain

& Emphy Project MinGW GCC
(= shared Library
= Static Library
[# (= Makefile project

Show project bypes and toolchains only if they are supported on the platform

) Mext = ]L Finish “ Cancel
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Note:

4.2

Only use MMDSP+ Projects when the overall software architecture definition has been
finalized and the MMDSP+ main components are identified.

Nomadik ARM Projects

The Nomadik Toolset has the ability, inside the STWorkbench, to edit, compile and debug
standalone ARM programs.

This can be useful for:

e hardware validation

e developing and maintaining the test harness for Multimedia applications
e developing parts of demo programs for the Multimedia applications

Nomadik ARM projects can benefit from the OS21 real-time Operating System environment
and OSPlus services.

You can manage ARM projects either through make files and direct calls to the compiler
command line, or create ARM projects graphically using the STWorkbench, see Figure 22.

Figure 22. Creating a “helloworld” ARM project

C Project <

Create C project of selected type

Project name: | myarmhello

lse default lacation

Project bypes;

= Executable
& Hello World C++ Project
& Hello World AMST C Project
& Empby Project

Creguain GCC
MMOSP Tool Chain
inEW GCC

(= Shared Library
= Static Library
(2= Makefile project

Show project bypes and toolchains only if they are supported on the platform

@ < Back Mext = ] [ Finish ] [ Caricel
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Nomadik Toolset license

The Nomadik Toolset contains software provided under a variety of licenses. Some
components are “free” or “open source” software, while other components are proprietary.
This chapter explains how these licenses apply to the specific use of the Nomadik Toolset
and further explains the user’s legal rights and obligations.

Overview

Table 1 lists the license terms applicable to each component of the Nomadik Toolset.

Table 1. Software licenses

Component License

STMicroelectronics binary products: MMDSP STMicroelectronics Binary Code License
Code generator & other Tools Agreement.

The Java Runtime Environment. SUN Code End-user License Agreement;

Eclipse.org Software User Agreement.

Eclipse Public License (EPL).

The ECLIPSE products. They include software developed by the Apache
Software Foundation and subject to the Apache
License, Version 2.0

Portions of NOMADIK STWorkbench STWorkbench Software License Agreement.
The GNU products. GNU General Public License.

The newlib library. Newlib License.

The libgloss library. Libgloss License.

The GNU documentation. GNU Free Documentation License

The BOOST Code. BOOST Software License Agreement.
Graphwiz utilities Common Public Licence

The description of each license, as well as a detailed and up to date description of the scope
of each license inside the toolset, is present in the HTML pages located at the root of the
toolset installation.

Consequence on Nomadik IP software

Although some of the licenses that apply to the Nomadik Toolset are “free software” or “open
source software” licenses, none of these licenses impose any obligation on you to reveal the
source code of applications you build with the Nomadik Toolset. You may develop
proprietary applications and libraries with the Nomadik Toolset.
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Revision history

Table 2. Document revision history
Date Revision Changes
24-Jan-2008 A Initial release.
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