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What's New in 1.3.17

Foreword

Welcome to the 1.3.1 release of Red Hat eCos(TM) - the Embedded Configurable
Operating System.

What's New in 1.3.1?

In this, the third major public release of eCos, we have added awealth of new features,
enhancements, and have further extended the target platform coverage.

The configuration system has been completely revised and updated. Major new
elementsinclude:

Package management that supports the extension of eCos functionality viathird
party add-on packages.

A standardized configuration save file format that is human readable and editable,
and compatible between both GUI and command line configuration tools.

Enhanced web based help and component documentation system integrated into
the GUI configuration tool.

The Component Definition Language (CDL) has been radically revised and has
now been implemented as a TCL extension for maximum flexibility. CDL is now
fully documented in the Component Writers Guide.

Template support for straightforward control of multiple configuration elements,
which can be used to provide easy access to standard eCos configurations such as
a debug stub boot ROM.

Best of dl, the source of the new configuration tools and underlying libCDL
technology has been open sourced under the GNU Public License (GPL).

A companion beta version of the eCos TCP/IP stack has been released in conjunction
with 1.3.1. The stack is derived from the OpenBSD source base and provides UDP,
TCP, ICMP and BOOTP protocol support on an 1Pv4 standards base. Device driver
support for Cirrus Logic EP72xx evaluation boards and MotorolaMBX isincluded.
The stack, ethernet core support, and device drivers are all distributed as configurable
eCos packages.

eCos
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eCos in a Nutshell

A PCI bus support library has also been added that provides generic PCI bus based
deviceinitialization, discovery, and configuration. The library has been ported to both
the VR4300 DDB-VRC4373 and StrongARM EBSA 285 devel opment boards.

New architectures and platforms added in this release include:
« ARM Thumb

« ARM9

» CirrusLogic CL-PS7111 and EP72xx

« Cogent CMA222 and CMA230 ARM boards

« Hitachi SH3
« Intel StrongARM
« Intel x86 PC

« Matsushita AM33
« MotorolaMBX evaluation board
« NEC MIPSVR4300

For further details of al the changes see the NEWS file in the eCos sources.

Thisisthefirst release of eCos sincethe merger of Red Hat and Cygnus Solutions was
completed. Red Hat is dedicated to continued enhancement and mai ntenance of the
eCos system. Developers can look forward to upcoming rel eases that further expand
the architectural and board coverage, extend the functionality of the TCP/IP stack, add
aLinux version of the GUI configuration tool, and add major new features such as a
Linux/Posix compatibility layer based on the upcoming EL/IX standard - see
http://sourceware.cygnus.com/elix/
for more details.

The merger has brought about some minor changes to eCos’s Mozilla-derived public
license, the most fundamental of which is simply the change of name from Cygnus
eCos Public License (CEPL) to Red Hat eCos Public License (RHEPL). The license
terms themselves have not changed in any material way other than aterations
necessary to accommodate the change in company details.

eCos in a Nutshell

eCos is an open source, configurable, portable, and royalty-free embedded real-time
operating system. The following text expands on these core aspects that define eCos.

eCosisprovided as an open source runtime system supported by the Red Hat GNUPro
and GNU open source development tools. Developers have full and unfettered access
to all aspects of the runtime system. No parts of it are proprietary or hidden, and you
are at liberty to examine, add to, and modify the code as you deem necessary. These
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eCos in a Nutshell

rights are granted to you and protected by the Red Hat eCos Public License (RHEPL).
It also grants you the right to freely devel op and distribute applications based on eCos.
Y ou are not expected or required to make your embedded applications or any
additional components that you develop freely available, although we do require that
you make publicly available any modifications to the eCos code itself. Red Hat of
course welcomes all contributions back to eCos such as board ports, device drivers
and other components, as this hel ps the growth and development of eCos, and is of
benefit to the entire eCos community.

One of the key technological innovationsin eCos is our configuration system. The
configuration system allows the application writer to impose their requirements on the
run-time components, both in terms of their functionality and implementation,
whereas traditionally the operating system has constrained the application’s own
implementation. Essentially, this enables eCos devel opers to create their own
application-specific operating system and makes eCos suitable for a wide range of
embedded uses. Configuration also ensures that the resource footprint of eCosis
minimized as all unnecessary functionality and features are removed. The
configuration system also presents eCos as a component architecture. This provides a
standardized mechanism for component suppliersto extend the functionality of eCos
and allows applications to be built from awide set of optional configurable run-time
components. Components can be provided from a variety of sources including: the
standard eCos release; commercia third party developers; open source contributors;
or additional optional components from Red Hat.

The royalty-free nature of eCos means that you can develop and deploy your
application using the standard eCos release without incurring any royalty charges. In
addition, there are no up-front license charges for the eCos runtime source code and
associated tools. We provide, without charge, everything necessary for basic
embedded applications devel opment.

eCos is designed to be portable to awide range of target architectures and target
platforms including 16, 32, and 64 bit architectures, MPUs, MCUs and DSPs. The
eCos kernel, libraries and runtime components are layered on the Hardware
Abstraction Layer (HAL), and thus will run on any target once the HAL and relevant
device drivers have been ported to the target’ s processor architecture and board.
Currently eCos supports seven different target architectures (ARM, Hitachi SH3, Intel
x86, MIPS, Matsushita AM3x, PowerPC and SPARC) including many of the popular
variants of these architectures and evaluation boards. Many new ports are in
development and will be released as they become available.

eCos has been designed to support applications with real-time requirements, providing
features such as full preemptability, minimal interrupt latencies, and all the necessary
synchronization primitives, scheduling policies, and interrupt handling mechanisms

eCos
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eCos in a Nutshell

needed for these type of applications. eCos also provides al the functionality required
for general embedded application support including device drivers, memory
management, exception handling, C, math libraries, etc. In addition to runtime
support, the eCos system includes al the tools necessary to devel op embedded
applications, including eCos software configuration and build tools, and GNU based
compilers, assemblers, linkers, debuggers, and simulators.

To get the most out of eCos you should visit the eCos open source devel opers site:
http://sourceware.cygnus.com/ecos/
The site is dedicated to the eCos developer community and contains arich set of
resources including news, FAQ, online documentation, installation guide, discussion
and announcement mailing lists, online problem report form, and runtime and
development tools downloads. We also support anonymous CVS and WEBCVS
access to provide you with direct access to the very latest eCos source base.
Complementing the open source devel opers site is an eCos product site, featuring
news, press releases, details of our commercial engineering and support services,
products, and third party partner offerings. Thisislocated at
http://www.redhat.com/services/ecos/

We have released eCos as open source software because we believe that thisis the
most effective software development model, and that it providesthe greatest benefit to
the embedded developer community as awhole. As part of this endeavor, we seek the
input and participation of eCos developersin its continuing evolution. Participation
can take many formsincluding:

« providing us with feedback on how eCos might be made more useful to you - by
taking part in the ongoing mailing list discussions and by submitting problem
reports covering bugs, documentation issues, and missing features

« contributing bug fixes and enhancement patches

« contributing new code including device drivers, board ports, libraries, and other
runtime components

Our long term aim is to make eCos arich and ubiquitous standard infrastructure for
the development of deeply embedded applications. Thiswill be achieved in part by
Red Hat's own efforts, but aso with the assistance of the eCos devel oper community
cooperating to improve eCosfor all. | would like to take this opportunity to extend our
thanks to the many eCos developers who have aready contributed feedback, ideas,
patches, and code that have augmented and improved this release.

On behalf of the eCos team, welcome to the eCos devel oper community.

Paul Beskeen,
Director of Engineering,
eCos March 2000
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Getting Started with eCos

Documentation Roadmap

Getting Started with eCos

Release Notes
Description of this release.
Installation Guide

Hardware and software installation instructions, including instructions on how to
execute some prebuilt tests to verify the installation.

Programming Tutorial

A tutorial that gets you started running programs with eCos.
Appendixes

Extrainformation about the licensing terms for eCos.

eCos User’s Guide

The eCos Configuration Tool
A description of al features of the Configuration Tool.
Programming concepts and techniques

An explanation of the eCos programming cycle, and a description of some
debugging facilities that eCos offers.

Configuration and the Package Repository
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eCos Reference Manual

Information on how to configure eCos manually, including a reference on the
ecosconfi g command, memory layouts, and information on how to manage a
package repository using the eCos Package Administration Tool.

eCos Reference Manual

Preliminaries
An overview of the eCos kernel and configurability system.

Kernel APIs
In-depth description of eCos's native C kernel API, the uITRON API, the ISO
standard C library, and the eCos Hardware Abstraction Layer (HAL). Important
considerations are given for programming the eCos kernel. The semantics for
each kernel function are described, including how they are affected by
configuration.

eCos Device Drivers
A description of the philosophy behind eCos device drivers, aswell asa
presentation of the C language API for using the current device drivers.

ThelSO Sandard C and Math Libraries

eCos comes with an implementation of the |SO C library specification. This
section gives details about the implementation, lists the few functions that are not
yet implemented, and gives a complete reference for configuring the C library.
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Part |I: Release Notes

eCos 1.3.1 supports the following architectures:

Thisrelease of eCos supports the following architectures:

« Hitachi SH3

» Linux i386—synthetic Linux target

This release of eCos supports the following target platforms:

« Hitachi EDK7708

« Linux (i386) - synthetic Linux target

Thisrelease of eCos supports the following host operating systems:

»  UNIXO—support for UNIX isstill “beta’. Redhat Linux and Solarisd arethe
only tested UNIX variants.

Microsoft® Windows NT®, Windows 95®, Windows 98®, Windows 2000®—
support for Windows 95, 98 and 2000 is till “beta’.

eCos
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GDB and GCC Command Notation

Notation and Conventions

GDB

Since there are many supported target architectures, notation conventionswill be used
to avoid repeating instructions which are very similar.

and GCC Command Notation

Cross-development commands like gcc and gdb will be shown without prefixed
information about the platform for which you are cross-compiling. Y ou need to add
the necessary prefix before you execute the commands, so instead of typing ‘gec’ and
‘gdb’ asin the examples, use:

sh-el f-gcc and sh-el f-gdb for SH

i 686-pc- | i nux-gnu-gcc andi 686- pc-1i nux-gnu-gdb for 1386

Note that the GCC cross compiler generates executable files with the . exe suffix on
Windows, but not on UNIX. The suffix . exe will be omitted from executablefile
names, so you will seehel | o instead of hel | o. exe.

Directory and File System
Conventions

The default directory for instaling eCos on Windows (usually C: / Progr am Fi | es/
Red Hat/ eCos) isdifferent from that on UNIX (usually / usr/1 ocal / ecos-v1_3_1).
Since many command line examplesin the tutorials use these paths, this default (base)
directory will be shown as BASE DIR.
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Directory and File System Conventions

Windows and UNIX have similar file system syntax, but the MS-DOS command
interpreter on Windows uses the backslash character (\) as a path separator, while
UNIX and POSIX shells (including the Cygwin bash shell for windows) use the
forward slash (/).

This document will use the POSI X shell convention of forward slashes.

eCos
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Hardware Abstraction

Overview of the Release

The Embedded Configurable Operating System (eCos) softwareis a set of toolsand a
run-time environment for devel oping embedded applications. eCos is a configurable,
open source system that allows you to build a run-time system that closely matches
the needs of your application.

eCos isaimed at embedded software devel opers using architectures with tight
memory requirements, who want a portable framework for developing their
applications.

This chapter outlines the features of eCosversion 1.3.1. Theinitial release version was
1.3, and additional 1.3 releases will incorporate an additional number, represented in
this manual by “x”. Please note the exact version number of the version that you are
using, because it isincorporated in certain file paths.

If you want to start programming eCos immediately, see “Part |1: Installation Guide”
on page 29 and “Part 111: Programming Tutorial” on page 41.

Hardware Abstraction

eCosincludes aHardware Abstraction Layer (HAL) that hides the specific features of
each CPU and platform so that the kernel and other run-time components can be
implemented in a portable fashion.

The eCos HAL has now been ported to numerous architectures, and to one synthetic
target, Linux i386. Notes on porting the HAL to new platforms are provided in the
eCos Reference Manual, part: The eCos Hardware Abstraction Layer, section: Kernel
porting notes.
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Embedded Kernel

Embedded Kernel

The core of eCos is afull-featured, flexible, and configurable embedded kernel.

The kernel provides, among other features, multi-threading, a choice of schedulers, a
full set of synchronization primitives, memory allocation primitives, and thread
mani pul ation functions (see the eCos Reference Manual for the full kernel API).

The kernel is designed so that some parts of it can be changed or replaced without
affecting other kernel components.

Thefollowing isapartia list of kernel features:

= choice of memory allocation algorithm

» choice of scheduling algorithm

« arich set of synchronization primitives

=« timers, counters, and alarms

« interrupt handling

»  exception handling

» cache control

« thread support

« kernel support for multi-threaded debugging with GDB
» trace buffers

« infrastructure and instrumentation

The kernel API and configuration are described in the eCos Reference Manual .

Configurability

The eCos kernel and other components can be configured in great detail at compile
time, avoiding the addition of unwanted code to the library to be linked with your
application code. There is no performance penalty for configuration.

Configuration is fine-grained, so that very small details of eCos' behavior can be
tuned by selecting configuration options.

eCos is organized as a component architecture, with alanguage to describe the
constraints between components and individual configuration options. These
constraints are necessary to resolve inconsistent configurations, such as disabling the
code which handles the real-time clock, while enabling per-thread timers.

eCos
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MITRON and Other Operating Systems

The designer of a component or general-purpose library should write configurable
code using a component definition language (CDL). Once that has been done thereis
no additional burden on the end user (i.e. an embedded systems programmer), who
will be able to use eCos' graphical Configuration Tool to configure the kernel and
basic libraries without needing to understand how the configuration infrastructure
works.

A tutorial on how to configure eCosislocated in “ Configuring and Building eCos
from Source” on page 45. The eCos User’ s Guide has complete information on
running the Configuration Tool and CDL.

UITRON and Other Operating
Systems

eCos' configurability isthe key to simulating different operating systems by using
compatibility layers on top of eCos kernel, because the semantics of basic kernel
functions can be configured to match the semantics of other operating systems.

The specification for the uITRON operating system has been implemented on top of
eCos. LI TRON is configured by selecting appropriate options in the kernel (areal-
time clock, the i queue scheduler, and no timeslicing); and writing athin layer to
map the LITRON system calls.

The uITRON port implements the complete pl TRON 3.02 “ Standard functionality”
(level S) specification, aswell as some of the “Extended” (level E) functions. The
MITRON implementation is described in more detail in the eCos Reference Manual.

ISO C Library

The 1SO C and math library shipped with eCos was written to be configurable and
tightly integrated with the kernel and the HAL.

By carefully selecting configuration options in the C library, you can significantly
reduce the size of the final executable image.
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Serial Device Drivers

Serial Device Drivers

eCos provides serial device driversfor al supported eCos platforms, with the
exception of the 1386 Linux synthetic target and most simulator platforms. The seria
drivers provide an API (documented in the eCos Reference Manual) to control seria
ports directly. The standard I/O library can be configured to use them as a transport

layer.

ROM Monitor Image

For the EDK 7708 and i386 PC, the ROM images include a GDB stub. This allows
GDB to connect to the board and download eCos programs.

NoTE  When an eCos programisrun on ARM or SH3 boards, the GDB stub in ROM
does not provide thread debugging or asynchronous GDB interrupt support. If
you require full debugging capabilities, you must include GDB stub support
when configuring eCos.

No ROM image is required for the synthetic Linux target.

Please note that previous releases of CygMon are incompatible with eCos. Y ou must
use the version of CygMon that is provided with eCos rather than an older version of
CygMon.

Tests and Examples

GNU

Test suites are included for every portion of eCos shipped in thisrelease; these are
brief programs that test the behavior of most system calls and librariesin eCos. “ Test
Suites’ on page 57 describes how to build and run these test suites.

The last chaptersin “Part 111: Programming Tutorial” on page 41 give exampl es that
guide you through running eCos applications, starting from a“Hello world” program
and then moving on to more complex programs that use additional kernel features.

Tools and their Documentation

Red Hat's GNUPro Toolkit, which includes the GCC and G++ compilers and the
GDB debugger, is needed to build eCos applications. It is bundled with the CDROM
distribution of the eCos Developer’ s Kit, and isalso available onthe net at ht t p: //
sour cewar e. cygnus. coni ecos/ .

eCos

Getting Started with eCos = 19


http://sourceware.cygnus.com/ecos/
http://sourceware.cygnus.com/ecos/

eCos Documentation

OnlineHTML versions of the full GNUPro documentation are included with eCos, as

well as a specific GNUPro tools reference guide for your hardware architecture,

customized for use with eCos. The full GNUPro documentation can aso be found on

the web at htt p: // www. r edhat . conf support / manual s/ gnupr o. ht i

NoTE  The Linux synthetic i386 target is an exception, asthereis (currently) no
GNUPro manual. However, the GNUPro source archive contains
documentation for the tools. This documentation is usually also included as
part of adefault Red Hat Linux installation, accessible with the info program.

eCos Documentation

The eCos documentation set includes Getting Started with eCos, the eCos User’s
Guide, the eCos Reference Manual, and a GNUPro Reference Manual for your
specific architecture.

For users of the eCos Net releases, these are available onlinein HTML format at
http://sourceware. cygnus. com ecos/ .
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eCos Net Release

Package Contents

eCos Net Release

The eCos Net release consists of the archive files for GNUPro and eCos, which are
|located on the Red Hat eCos web site

http://sourceware. cygnus. com ecos/

The eCos Net release, because it is digitally distributed only, does not provide ROM
images for the various development boards. However, the ROM images for the
supported hardware platforms are included in the distribution, so you can burn your
own ROM/Flash ICs to work with eCos.

HTML versions of the GNUPro and eCos manuals are included in the distribution,
and are adso available online.

eCos Developers’ Kit

If you have aCD distribution of the eCos Developer’ s Kit, you will find the following

itemsin your package:

« A cardto request printed eCos documentation (Getting Started with eCos, the
eCos User’s Guide, and the eCos Reference Manual), and the complete GNUPro

documentation suite, including an eCos-specific reference manual for your
architecture.

With the card you can also request a copy of Wl TRON 3.0 An Open and Portable
Real-Time Operating System for Embedded Systems, abook by Dr. Ken
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SH3 Package

Sakamura.
« eCosversion 1.3.1 CDROM with source code and precompiled binaries.

SH3 Package

The SH package contains both big-endian and little-endian versions of the eCos stub
PLCC ROM for the Hitachi SH3 EDK7708 board.
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Required

System Requirements

Required

Standard IntelJ architecture PC running Linux (tested on Red Hat Linux
distributions 5.0-6.1). Other versions of Red Hat distributions, or Linux
distributions from other vendors should work as well. Also, English or Japanese
versions of Microsoft Windows NT version 4.0 (service pack 3 or above must be
installed), Windows 95, Windows 98, or Windows 2000.

Sund workstation running Solaris 2.5.1 or later for the SPARCO .

Support for any platform except for Windows NT 4.0 and Solaris 2.5.1 isbeta. In
particular, it isonly possible to rebuild the GNUPro compiler toolchain on
Windows NT 4.0, Solaris2.5.1, and Linux.

Enough disk space for theinstalled distribution. The eCosinstallation processwill
detail the various components of eCos and the GNUPro toolkit that can be
installed, and their disk space requirements.

64MB of RAM and a 350MHz or faster Pentium processor.

If you are downloading the eCos Net Release distribution from Red Hat's
Sourceware site, you will also need space to store that image and to compile
GNUPro and eCos from source.

If you will be using the Hitachi EDK 7708 board, you will also need:

One (16550 based) seria port on the PC

Hitachi EDK 7708 board with a SH3/7708 CPU and eCos “ GDB stubs” ROM
installed.

eCos
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Recommended

« Serial cable (provided with the board) to connect the serial port on the board.
If you will be using the Linux synthetic target, you will also need:

« Anix86 PC with an installed Linux distribution (tested with Red Hat Linux
distributions 5.0 - 6.1).

Recommended

»  Werecommend that Windows NT usersinstall Internet Explorer 4.0 or later, since
thiswill allow the Configuration Tool’ s documentation panel to be searchable.

« A Pentium Il computer and 64MB or more of RAM are recommended for best
build performance.

The system has been tested only in the recommended configuration above, although
other configurations are expected to work.
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How to Report Problems

Reporting Problems

Reporting bugs and other problemsis very important: it allows Red Hat to solve your
problem quickly, and improves the eCos product. The effort you make in reporting
problems is appreciated.

To submit a problem report, please use the web interface. If you have a CD
distribution of the eCos Developer’s Kit, you should use the address:

http://support.cygnus.com.

Y ou will need alogin name and an ID, provided by your administrator.
If you are using the eCos Net release you should use the address
http://sourceware.cygnus.com/ecos/problemreport.html.

Known Bugs in eCos and GNUPro

Before filing and bug reports, however, please read the README provided with this
release. It describes known problems and possible workarounds in eCos or with the
GNUPro Toolkit. Thefileis at the base of the distribution.

How to Report Problems

For documentation discussing the meansto report on, edit and query problems, seethe
following Accessing Red Hat Web Support to report problems, or Additional options
in this chapter.
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Accessing Red Hat Web Support to Report Problems

This documentation serves only as a guide and it is not meant to supercede the Help
documentation on the Web Support site. We have tried to make our software as
trouble-free as possible. If you do encounter problems, we'd like to diagnose and fix
the problem as quickly as possible.

Accessing Red Hat Web Support to Report Problems

If you have a CD distribution, use the following instructions to access the Red Hat
Support website.

Use the following URL in your web browser’s address or location dialog box.
http://support.cygnus.com

Click on the Case Management System icon, enter your |D and password, and the
Welcome page will be displayed.

Access the Welcome page at any time by using the el core link (in the
navigation bar on the |eft side of each Web Support page).

If you have the CD distribution, your details will have been entered in the
database, and will be displayed on the Welcome page. If you wish to alter these
details, select the Profile link in the navigation bar on the |eft side of the page.

Usethelinksincluded in the navigation bar on the left side of the page to perform
any of the following Red Hat Web Support activities.

o New Case (See Submitting a support request, and the Red Hat Support
website)

o Query Case (See Additional options, and the Red Hat Support website)

o Add Notes (see Additional options, and the Red Hat Support website)

o Find Sol utions (see Additional options, and the Red Hat Support website)
o Profile (see Additional options, and the Red Hat Support website)

o Hel p documentation see Additional options, and the Red Hat Support
website)

o O ose Case (see Additional options, and the Red Hat Support website)

Submitting a Support Request

Use the following instructions to submit a support request, once you have avalid ID
established.

Click on New Case to create a new reported problem case.

The New Case page allows you to complete the creation of anew case. If thereis
more than one site, select the site relating to your problem.

Click onuse This Site | Dbuttontodisplay alist of the relevant products.
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Additional Options

Select a product from thelist and then click onthe Creat e Case for Sel ect ed
Product button.

Each customer has avalid list of parts of Red Hat products for which they can
submit problem reports. These components are part of the Web Support database.

Type abrief description of the caseinthe case Titl e field. You can enter up to
80 charactersin thisfield.

Select a case type from the Type drop-down menu that best describes the case.

Select a customer severity level from the Severi t y drop-down menu that best
describes how severe you view this problem.

Select a case priority level fromthepri ori ty drop-down menu that best
describes the priority of this case to Red Hat.

Type acomplete description of your case in the Pr obl em Descri pti on field.
Usethe scrollbarsto scrall text in thisfield. Y ou can add up to 30 kilobytes of text
inthisfield.

Click onthe creat e Case button at the bottom of the page to create the caseinthe
Red Hat Web Support database. Alternatively, clear the input fields on the New
Case page, using the d ear button.

After you create your case, the Case Details page displays, which includesthe Case ID
number that the support database assigns to your case.

To create anew case for adifferent site and/or part, click the New Case link in the
navigation bar; then use the previous instructions.

Additional Options

The following documentation discusses the other features for the Red Hat Web
Support site. Red Hat has a database to help in determining when problems devel oped,
tracking the prablems case from their first report through analysis and resolution. The
database can also be used for correlation with other products aswell asto other related
problems.

Click on Query case to find an existing problem case in our database.

Y ou may examine problem casesin the Red Hat Web Support database, searching
by solution ID or by entering keywords and/or a key phrase. There are options on
this page enabling you to control how your search works.

At this point, view a problem case’ s details, check its status, add notes or close a
problem.

Click on Add Not es to add additional datato an existing case in our database.
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Click onFi nd Sol uti ons to search for problem solutions in the database. The
search will provide alist of the current problem casesin the Red Hat Web Support
database.

Click on Profi I e to change your profile information and/or your Web Support
password in our database. A Profile page wil be displayed.
Click on Hel p for questions about using the Web Support page. The online help

documentation for the Web Support site supercedes this guide; it is hot meant to
supercede the more updated Help documentation for the Web Support site.

Click ond ose case link to close acase. Closing a case brings the problem to its
resolution.

Updating your profile

Clicking on Profile allows you to enter the following details.

Y our contact name

The primary phone number where Red Hat Support can contact you
FAX number Red Hat Support can use to send you information

Y our e-mail address

Your site 1D, used to identify your primary site in the Web Support database
(a Red Hat representative will provide this information)

Y our site name

28 m Getting Started with eCos eCos



Additional Options
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Software Installation

Software Installation on Windows

If you have a CD distribution of the eCos Developer’ s Kit, you have received the eCos
software and its supporting utilities on a single CDROM for installation on a PC-
compatible computer running Windows NT 4.0, Windows 95, or Windows 98. If you
use NT you must apply the NT 4.0 Service Pack 3 or above before installing eCos.
Support isonly for Windows NT 4.0. Installations on other Windows platforms are
beta

The following components are provided on the eCos CDROM:

eCos source code

Prebuilt eCos libraries and tests

eCos documentation

Red Hat GNUPro compiler toolchain for eCos source code compilation

Red Hat Cygwin environment: this product provides a POSIX compatibility layer
on top of Windows NT, and supports the GNUPro tools on Windows NT.

The GNU user tools—a collection of utilities that developers, particularly those
with a UNIX background, will find useful. However, they are not supported by
Red Hat.

Documentation for the GNUPro toals, including a Reference Manual for the
particular evaluation board being used to run eCos.
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If you have obtained the Net release of eCos for Windows, you will have the
distribution in a self-extracting archive. Apart from the difference in medium, the
installation procedure for eCos itself will be the same as for the CDROM-based
distribution.

The software installation process involves a number of installation utilities. Some
familiarity with Windows is assumed.

1

Invoke the file Setup.exe on the CDROM. Thiswill start the installation
procedure. If you have the aut or un feature enabled, Windows will run Setup.exe
automatically when the CDROM isinserted into the drive.

The setup program will offer to install the GNU user tools. Click .

Y ou will be prompted for a path in which to install the GNU user tools. The
default will beinthe/ cygnus/ gnupr o/ i 686- cygwi n32/ i 686- cygwi n32
hierarchy (usually on drive C). It will then offer to install the source code and
documentation for the GNU user tools. It is recommended that you install the
documentation, but not the source code, unless you are interested in modifying or
recompiling the GNU user tools.

At this point the setup program will begin installing eCos. Click .

The default path offered for eCosingallation will beinthe/ Progr am Fi | es/ Red
Hat hierarchy (usually on drive C). Y ou may change this path, and indeed you
will need to changeit if that partition does not have sufficient free disk space
available. It is recommended that you accept the default selection of software
components for installation.

Y ou will be asked to select the program folder under which the eCos menu items
will be placed. The default folder nameisRed Hat eCos.

Theinstallation should finish normally, offering to show you the READVE file that
contains any last minute information and alist of known problems detected after
this document was printed. Once the ingtallation is finished, you can start eCos or
view the online documentation by selecting Start -> Programs-> Red Hat eCos,
and then choosing an option within this folder, e.g Configuration Tool, Package
Administration Tool, etc.

At this point you are ready to configure and build a customized eCos kernel as
described in “Configuring and Building eCos from Source” on page 45.

Software Installation on UNIX

Installation and build instructions for the eCos Net release are available on the Red
Hat eCosweb siteht t p: / / sour cewar e. cygnus. conf ecos/
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Users of the eCos Developer’sKit under UNIX should use the following instructions,
which assume that the CD-ROM is available at / cdr ont cdr on0.

1. Extract the eCos repository from the compressed tar archive ecos- 131. t az,
located in the root directory of the CD-ROM using the following commands:

# nkdir /usr/local
# cd /usr/local
# zcat < /cdromf cdronD/ecos-131.taz | tar xvf -

On completion, the eCos repository may be found in the directory / usr/ | ocal /
ecos-1. 3. 1.

2. Extract the eCos development tools from the compressed tar archivet ool -
bi n. taz, located in the root directory of the CD-ROM, using the following
commands:

# nkdir /usr/cygnus
# cd /usr/cygnus
# zcat < /cdrom cdronD/tool-bin.taz | tar xvf -

On completion, the executable files of the eCos development tools may be found
in the directory / usr/ cygnus/ ecos- DEVTOOLSVERSI ON/ H-host -t ri pl et/ bi n.
The source code for the development tools may optionally be installed in the same

way':

$ zcat < /cdromfcdronD/tool -src.taz | tar xvf -

3. Add the eCos development tools and any native tools supporting the eCos build
process to the front of your path. Under Solaris, for example, you should modify
the PATH environment variable as follows.

Using sh, ksh, or bash:

$ PATH=/ usr/cygnus/ ecos-99r 1- 991015/ H spar c- sun-sol ari s2. 5/ bi n:/
usr/ xpg4/ bi n: /usr/ uch: $PATH
$ export PATH

Using csh or tcsh:

Note that csh aso requires the shell command "rehash” after modifying the path
for the path change to take effect.

% set env PATH /usr/cygnus/ecos-99r1-991015/ H sparc-sun-sol ari s2. 5/
bi n: /usr/ xpg4/ bi n: / usr/ uch: $PATH
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At this point you are ready to configure and build a customized eCos kernel as
shown in “Configuring and Building eCos from Source” on page 45.
NoTE Theorder of directoriesin the PATH isvery important, and build failures may

result if the PATH is not set correctly. If you are having difficultiesin
building eCos, please make sure you have set the PATH exactly as above.
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Target Setup

Connecting To A Target Via Serial

While eCos supports a variety of targets, communication with the targets happensin
one of four ways. These are descibed in general below.

The descriptions are followed by descriptions of each target, providing specific details
of how to set up the target (if hardware) and the necessary communication information
(such as baud rate for hardware targets, or special connection options for simulator
targets).

Most targets will have eCos GDB stubs or CygMon installed. These normally wait for
GDB to connect at 38400 baud, using 8 data bit, no parity bit and 1 stop-bit (no
hardware flow control). Check the section for your target to ensure it uses this speed.
If not, adjust the following instructions accordingly.

The following instructions depend on you to select the appropriate serial port on the
host - the serial port which connectsto the target’ s (primary) seria port. On Linux this
could be /dev/tty SO, while the same port on Windows would be named COM1, or
/dev/ttyaon Solaris. Substitute the proper seria port name in the below.

Connect to the target by issuing the following commands in GDB console mode:
(gdb) set renotebaud 38400
(gdb) set mi ps-force-32bit-saved-gpregs
(gdb) target remote /dev/ttySO

In Insight, connect by opening the File->Tar get Settings... window and enter:

Target: Renote/ Seri al
Baud Rate: 38400
Port: /dev/ttySO
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Y ou will also need to open the GDB console window with View->Console and enter
“set mips-force-32bit-saved-gpregs’ at the prompt

Set other options according to preference, close the window and select
Run->Connect to tar get.

Connecting To A Target Via Ethernet

Sometargets allow GDB to connect via Ethernet - if so, it will be mentioned in the
section describing the target. Substitute the target’ s assigned | P address or hostname
for <hostname> in the following. The <port> is the TCP port which the eCos GDB
stub or CygWin islistening on. It isalso listed in the section describing the target.

Connect to the target by issuing the following command in GDB console mode:
(gdb) target renote <hostnanme>: <port >

In Insight, connect by opening the File->Tar get Settings... window and enter:

Target: Renote/ TCP
Host nane: <host nane>
Port: <port>

Set other options according to preference, close the window and select
Run->Connect to tar get.

Connecting To A Simulator Target

GDB connectsto all simulator targets using the same basic command, athough each
simulator may require additional options. These are listed in the section describing the
target, and should be used when connecting.

Connect to the target by issuing the following command in GDB console mode:
(gdb) target sim[target specific options]

In Insight, connect by opening the File->Tar get Settings... window and enter:
Target: Sinmul ator
Options: [target specific options]

Set other options according to preference, close the window and select

Run->Connect to tar get.
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Connecting To A Synthetic Target

Synthetic targets are special in that the built tests and applications actually run as
native applications on the host. This means that there is no target to connect to - the
test or application can be run directly from the GDB console using:

(gdb) run
or from Insight by pressing the Run icon. Thereis therefore no need to connect to the
target or download the application, so you should ignore GDB “target” and “load”
commands in any instructions found in other placesin the documentation.

SH3/EDK7708 Hardware Setup

The eCos Developer’s Kit package comes with aROM which provides GDB support
for the Hitachi EDK 7708 board (a big-endian and alittle-endian version). Images of
these ROMsare also provided at | oader s/ sh- edk7708/ gdbl oad. bi n and | oader s/
sh-edk7708l e/ gdbl oad. bi n under the root of your eCos installation.

The ROM isinstalled to socket U6 on the board. When using the big-endian ROM,
jumper 9 must be set to 2-3. When using the little-endian ROM, jumper 9 must be set
to 1-2. Attention should be paid to the correct orientation of the ROM during
installation. Only replace the board's existing ROM using a proper PLCC extraction
tool, as the socket would otherwise risk being damaged.

If you are going to program a new ROM or FLASH using the binary image, you may
have to experiment to get the right byte-order in the device. Depending on the
programming software you use, it might be necessary to enable byte-swapping. If the
GDB stub ROM/FLASH you program does not work, try reversing the byte-order.

The GDB stub in the EPROM allows communication with GDB using the seria port
at connector J1. The communication parameters are fixed at 38400 baud, 8 data bits,
no parity bit and 1 stop bit (8-N-1). No flow control is employed. Connection to the
host computer should be made using the dedicated seria cable included in the EDK
package.
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Installing the Stubs into FLASH

Preparing the Binaries

These two binary preparation steps are not strictly necessary as the eCos distribution
ships with precompiled binaries in the directory |oaders/sh-edk 7708 and |oaders/sh-
edk7708le relative to the installation root.

Building the ROM images with the eCos Configuration Tool

1

Start with a new document - selecting the File->New menu item if necessary to do
this.

Choose the Build->Templates menu item, and then select the SH EDK 7708
hardware.

While still displaying the Build->Templates dialog box, select the “ stubs”
package template to build a GDB stub. Click OK.

If building alittle-endian image, disable the “Use big-endian mode” option in the
SH EDK 7708 HAL (CYGHWR_HAL_SH_BIGENDIAN).

Build eCos using Build->Library.

When the build compl etes, the image files can be found in the bin/ subdirectory of
the install tree. GDB stub ROM images have the prefix “gdb_module”.

Building the ROM images with ecosconfig

1
2.

Make an empty directory to contain the build tree, and cd into it.
To build aGDB stub ROM image, enter the command:
$ ecosconfig new edk7708 stubs
If building alittle-endian image, uncomment the user value in ecos.ecc for
CYGHWR_HAL_SH_BIGENDIAN and changeit to 0.

Enter the commands:

$ ecosconfig tree

$ make
When the build compl etes, the image files can be found in the bin/ subdirectory of
theinstall tree. GDB stub ROM images have the prefix “gdb_module”.

Installing the Stubs into ROM or FLASH

1

Program the binary image file gdb_module.bin into ROM or FLASH referring to
the instructions of your ROM programmer.

Plug the ROM/FLASH into socket U6. If theimageislittle-endian set jumper 9to
1-2. If theimage is big-endian set jumper 9 to 2-3.
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1386/Linux Synthetic Target Setup

When building for the synthetic Linux target, the resulting binaries are native Linux

applications with the HAL providing suitable bindings between the eCos kernel and

the Linux kernel.

NoTE: Please be aware that the current implementation of the Linux synthetic target
does not allow thread-aware debugging.

These Linux applications cannot be run on aWindows system. However, it ispossible
to write asimilar HAL emulation for the Windows kernel if such atesting target is
desired.

Tools

For the synthetic target, eCos relies on features not available in native compilers
earlier than gcc-2.95.1. It also requires version 2.9.5 or later of the GNU linker. If you
have gcc-2.95.1 or later and Id version 2.9.5 or later, then you do not need to build
new tools. eCos does not support earlier versions. Y ou can check the compiler version
using gcc -v or egecs -v, andthelinker versionusingl d -v.

If you have native tools that are sufficiently recent for use with eCos, you should be
aware that by default eCos assumes that the tool s i686-pc-linux-gnu-gcc, i686-pc-
linux-gnu-ar, 1686-pc-linux-gnu-ld, and i686-pc-linux-gnu-objcopy are on your
system and are the correct versions for use with eCos. But instead, you can tell eCosto
use your native tools by editting the configuration value "Globa command prefix"
(CYGBLD_GLOBAL_COMMAND_PREFIX) inyour eCos configuration. If left
empty (i.e. set to the empty string) eCos will use your native tools when building.

If you have any difficulties, it isamost certainly easiest overall to rebuild the tools as
described on:

http://sourceware.cygnus.com/ecos/getstart.html
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Tools

Running Applications on the
Target

To verify both that a hardware target is properly set up, and that the GDB commands
used to connect to the target (hardware, simulator or synthetic) work properly on your
system, you will now be guided through “downloading” and executing a prebuilt
eCostest. The procedure is exactly the same when you want to download and run
applications or tests that you have built yourself.

On Windows you must have the bash command line interpreter running with some
environment variables which are useful for eCos work. If you have purchased the
eCos Developer’sKit, you can select this by selecting Start->Programs->Red Hat
eCos->eCos Development Environment. If you are using the eCos Net rel ease, you
should set the environment variables as shown in the GNUPro Toolkit Reference
Manual. On Linux, simply open a new shell window.

Y ou will need to change directory to the prebuilt tests that are provided in the eCos
installation. Change directory as follows:

for the SH7708-based Hi tachi EDK/ SH7708 board:

$ cd BASE DI R/ prebuilt/sh7708/tests/kernel/vl_3 1/tests
for the i386-based Linux synthetic target:

$ cd BASE DI R/ prebuilt/linux/tests/kernel/vl 3 1/tests

To executethet hr ead_gdb test case on the desired target, run GDB in command line
mode using the following command, remembering to substitute the appropriate name
for the architecture' s gdb:

$ gdb -nw t hread_gdb
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GDB will display acopyright banner and then display a prompt (gdb). Connect to the
target according to the instructions given earlier (in “ Target Setup” on page 34) - via
serial or ethernet to hardware targets, or directly for smulator and synthetic targets.

Depending on the target type, you will be notified about a successful connection, and
possibly see some output informing you of the current program counter of the target.

Now download the test - effectively loading the test case executable into the memory
of the target - by typing this command:

(gdb) | oad
Again, depending on the target, you may see some output describing how much data
was downloaded, and at what speed. Next, start the test case running. For hardware
targets thisis done with the ‘ continue’ command, while ‘run’ must be used on
simulators and synthetic targets:

(gdb) conti nue
or

(gdb) run
Y ou should now see a number of text messages appear, such as:

PASS: <GDB Thread test OK>
EXI T: <done>

NoTE  eCos has no concept of the application exiting. All eCos test cases complete
and then run in a continuous tight loop. To return control to GDB you must
stop the application.

NoTE  When an eCos programisrun on ARM or SH3 boards, the GDB stub in ROM
does not provide thread debugging or asynchronous GDB interrupt support. If
you require full debugging capabilities, you must include GDB stub support
when configuring eCos.

The usual method of stopping an application iswith Ctrl+C, but Ctrl+C may not
work on your platform for the prebuilts. First, make default tests and check that they
work the same way as prebuilts, then modify your config to enable GDB stubs (if
applicable) and break support, so that a Ctrl+C character will interrupt the
application.

Another way to stop the application is by means of a breakpoint. Before running the
application, breakpoint cyg_test _exit() to stop an eCostest case at its end.

Thefull functionality of GDB is now available to you, including breakpoints and
watchpoints. Please consult the GNUPro GDB documentation for further information.
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Programming with eCos

The remaining chapters of this document compromise a simple tutorial for
configuring and building eCos, building and running eCos tests, and finally building
three stand-al one exampl e programs which use the eCos APl to perform some simple
tasks.

Y ou will need a properly installed eCos system, with the accompanying versions of
the GNUPro tools. On Windows you will be using the bash command line interpreter
that comes with Cygwin, with the environment variables set as described in the
GNUPro documentation.

The Development Process

Most development projects using eCos would contain some (or most) of the
following:

eCos Configuration

eCos is configured to provide the desired API (the inclusion of libc, uitron, and the
disabling certain undesired funtions, etc.), and semantics (selecting schedul er, mutex
behavior, etc.). See “Configuring and Building eCos from Source” on page 45.

It would normally make sense to enable eCos assertion checking at thistime as well,
to catch as many programming errors during the development phase as possible.

Note that it should not be necessary to spend much time on eCos configuration
initially. It may be important to perform fine tuning to reduce the memory footprint
and to improve performance when the product reaches a testable state.
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Integrity check of the eCos configuration

While Red Hat strive to thoroughly test eCos, the vast number of configuration
permutations mean that the particular configuration parameters used for your project
may not have been tested.

Therefore, we advise running all the eCos tests after the project’ s eCos configuration
has been determined. See “Test Suites’ on page 57.

Obviously, this should be repeated if the configuration changes later on in the
development process.

Application Development - Target Neutral Part

While your project is probably targeting a specific architecture and platform, possibly
custom hardware, part of the application development may be possible to do using
simulated or synthetic targets.

There are two primary reasons for doing this:

« |t may be possible (to some extent) to perform application devel opment in parallel
with the design/implementation of the target hardware, thus providing more time
for developing and testing functionality, and reducing time-to-market.

»« Thebuild-run-debug-cycle may be faster when the application does not have to be
downloaded to atarget viaa seria interface. Debugging is also likely to be more
responsive when not having to communicate with a stub via serial. And finally, it
also removes the need for manually or automatically resetting the target hardware.

Thisis possible to do since al targets (including simulators and synthetic ones)
provide the same basic API: that is, kernel, libc, libm, uitron, infra, and to some
extent, HAL and 1O.

Synthetic targets are especially suitable as they allow you to jury-rig simulations of
elaborate devices by interaction with the host system, where an 10 device API can
hide the details from the application. When switching to hardware later in the
development cycle, the IO driver is properly implemented. While thisis possible to
do, and has been done, it is not specifically documented or supported by Red Hat. It
may become so | ater.

Therefore, select asimulator or synthetic target and useit for aslong as possible doing
application development. That is, configure for the selected target, build eCos, build
the application and link with eCos, run and debug. Repeat the latter two steps.

Obviousdly, at some time you will have to switch to the intended target hardware, for
example when adding target specific feature support, for memory footprint/
performance characterization, and for final tuning of eCos and the application.
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Application Development - Target Specific Part

Repeat the build-run-debug-cycle while performing final tuning and debugging of
application. Remember to disable eCos assertion checking, asit reduces performance.

It may be auseful to switch between this and the previous step repeatedly through the
development process; use the simulator/synthetic target for actual development, and
use the target hardware to continually check memory footprint and performance.
There should be little cost in switching between the two targets when using two
separate build trees.
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Configuring and Building eCos
from Source

This chapter documents the configuration of eCos, using the ARM PID board as an
example. The processisthe same for any of the other supported targets: you may
select ahardwaretarget (if you have aboard available), any one of the simulators, or a
synthetic target (if your host platform has synthetic target support).

At the end of the chapter is a section describing specia issues for this architecture
which may affect the way you should configure eCos for your target.

eCos Start-up Configurations

There are various ways to download an executable image to atarget board, and these
involve different ways of preparing the executable image. In the eCos Hardware
Abstraction Layer (HAL package) there are configuration options to support the
different download methods. The following table summarizes the ways in which an
eCos image can be prepared for different types of download.

Table 1. Configuration for various download methods

Download method HAL configuration
Burn hardware ROM ROM start-up
Download to ROM emulator ROM start-up
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Download method HAL configuration
Download to board with CygMon or RAM start-up

GDB stub ROM

Download to simulator without CygMon ~ ROM start-up

or GDB stub ROM

Download to simulator with CygMon RAM start-up
Download to simulator ignoring devices SIM configuration
Run synthetic target RAM start-up

CAUTION Y ou cannot run an application configured for RAM start-up on the simulator
directly: it will fail during start-up. Y ou can only download it to the simulator
if :

« Yyou are aready running CygMon (or a GDB stub) in the simulator, as
described in the GNUPro documentation

NoTE  Configuring eCos HAL package for simulation should rarely be needed for
real development; binaries built with such a kernel will not run on target
boards at al. The main use for a“simulation” configuration isif you are
trying to work around problems with the device drivers or with the simulator.

If your chosen architecture does not have simulator support, then the
combinations above that refer to the simulator do not apply. Similarly, if your
chosen platform does not have CygMon or GDB stub ROM support, the
combinations listed above that use CygMon or GDB stub ROMs do not apply.
The debugging environment for most developers will be either a hardware board or
the simulator, in which case they will be able to select asingle HAL configuration.

More information on the interactions between CygMon, the simulators, and GDB’s
thread-aware debugging features is available in the GNUPro Reference Manual for
your specific architecture.

Using the Configuration Tool on
Windows

Note that the use of the Configuration Tool is described in detail in the eCos User’s
Guide.

The Configuration Tool (see Figure 1) has five main elements: the configuration
window, the properties window, the short description window, the memory layout
window, and the output window.
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Figure 1: Configuration Tool
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Start by opening the templates window via Build->Templates. Select the desired
target (see Figure 2).

Figure 2: Template selection
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Make sure that the configuration is correct for the target in terms of endianness, CPU
model, Startup type, etc. (see Figure 3).

Figure 3: Configuring for thetarget
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Next, select the Build->Library menu item to start building eCos (see Figure 4).
Figure 4: Selecting the build Library menu item
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The Save As dialog box will appear, asking you to specify adirectory in which to
place your save file. Y ou can use the default, but it is agood idea to make a
subdirectory, called ecos-work for example.

Figure 5: Build dialog
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Thefirst time you build an eCos library for a specific architecture, the Configuration
Tool may prompt you for the location of the appropriate build tools (including make
and gcc) using aBuild Tools dialog box (as shown in Figure 6, page 49). Y ou can
select alocation from the drop down list, browse to the directory using the Browse
button, or type in the location of the build tools manually.

Figure 6: Build toolsdialog
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The Configuration Tool may also prompt you for the location of the user tools (such
as cat and Is) using a User Tools dialog box (as shown in Figure 7, page 50). Aswith
the Build Tools dialog, you can select alocation from the drop down list, browse to

the directory using the Browse button, or type in the location of the user tools
manually.
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Figure 7. User toolsdialog
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When the tool |ocations have been entered, the Configuration Tool will configure the
sources, prepare abuild tree, and build the libtarget.a library, which contains the eCos
kernel and other packages.

The output from the configuration process and the building of libtarget.a will be
shown in the output window.

Once the build process has finished you will have a kernel with other packagesin
libtarget.a. Y ou should now build the eCos tests for your particular configuration.

Y ou can do this by selecting Build -> Tests. Notice that you could have selected Tests
instead of Library in the earlier step and it would have built both the library and the
tests, but thiswould increase the build time substantially, and if you do not need to
build the tests it is unnecessary.

Figure 8: Selecting the build tests menu item
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“Test Suites’ on page 57 will guide you through running one of the test cases you just
built on the selected target, using GDB.
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Using ecosconfig on UNIX

On UNIX systemsthe Configuration Tool ishot yet available, but it is still possible
to configure and build a kernel by editing a configuration file manually and using the
ecosconfig command.

Before invoking ecosconfig you need to choose a directory in which to work. For the
purposes of thistutorial, the default path will be BASE_DI R/ ecos- wor k. Create this
directory and changeto it by typing:

$ nkdir BASE DI R/ ecos-work
$ cd BASE DI R/ ecos-work

It is aso necessary to specify the location of the source repository:

$ ECOS_REPCSI TORY=/ opt/ ecos/ ecos- 1. 3. 1/ packages
$ export ECOS_REPOSI TORY

for sh/ksh/bash users; or
% set env ECOS_REPGCSI TORY BASE_DI R/ packages
for csh/tcsh users.

Finally, make sure the tools necessary to build eCos are available from your PATH.

For tools installed with the eCos packages (ecosconfig and ser_filter) - the default
RPM installation path is shown - replace as necessary:

$ PATH=/ opt/ ecos/ ecos-1. 3. 1/t ool s/ bi n: $PATH
For the path for the compiler and debugger tools, the path used in the build
instructions is used - replace with the actual path you chose:

$ PATH=/install/Hi686-pc-Iinux-gnu/bin: $PATH
$ export PATH

csh/tsch users should do this instead:

% set PATH /opt/ecos/ecos-1.3.1/tool s/bin: $path
% set PATH /install/Hi686-pc-Iinux-gnu/bin:$path

To see what options can be used with ecosconfig, type:
$ ecosconfig --help

The available packages, targets and templates may be listed as follows:
$ ecosconfig list

Here is sample output from ecosconfig showing the usage message.

Table 2: Getting help from ecosconfig

$ ecosconfig --help
Usage: ecosconfig [ qualifier ... ] [ conmmand ]
commands are:

list

list repository contents

new TARGET [ TEMPLATE [ VERSION ] ] . create a confi guration

target TARGET : change the target hardware
tenpl ate TEMPLATE [ VERSI ON ] : change the tenplate
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add PACKAGE [ PACKAGE ... ] : add package(s)

remove PACKAGE [ PACKAGE ... ] : renmove package(s)

versi on VERSI ON PACKAGE [ PACKAGE ... ] : change version of package(s)

export FILE : export minimal config info

import FILE : inmport additional config info

check : check the configuration

resol ve : resolve conflicts

tree : create a build tree
qualifiers are:

--config=FI LE : the configuration file

- - prefi x=DI RECTORY : the install prefix

--srcdi r =Dl RECTORY : the source repository

--no-resol ve : disable conflict resolution

--version : show version and copyri ght

Table 3: ecosconfig output — list of available packages, targets and
templates

$ ecosconfig |ist

Package CYGPKG CYGVON (CygMon support via eCos):
al i ases: cygnon
versions: vl 3 1

Package CYGPKG DEVI CES WALLCLOCK (Wal | cl ock device code):
aliases: wallclock devices_wallclock device wallclock
versions: vl 3 1

Package CYGPKG DEVI CES WATCHDOG (WAt chdog devi ce code):
al i ases: watchdog devi ces_wat chdog devi ce_wat chdog
versions: vl 3 1

Package CYGPKG ERROR (Conmon error code support):
al i ases: error errors
versions: vl 3 1

Package CYGPKG HAL (eCos common HAL):
al i ases: hal hal _common
versions: vl 3 17

Package CYGPKG_HAL_ARM ( ARM conmon HAL) :
aliases: hal _armarmhal armarch_hal
versions: vl 3 1

Package CYGPKG HAL_ARM AEB ( ARM eval uation board (AEB-1)):
aliases: hal _arm aeb arm aeb_hal
versions: vl 3 1

Package CYGPKG HAL_ARM CMA230 (Cogent CMA230/222 board):
al iases: hal _arm cnma230 arm cma230_hal
versions: vl 3 1

Package CYGPKG HAL_ARM EBSA285 (Intel EBSA285 StrongARM board):
aliases: hal _arm ebsa285 arm ebsa285_hal
versions: vl 3 1

Package CYGPKG_HAL_ARM EDB7XXX (Cirrus Logi c devel opnent board):
aliases: hal _arm edb7xxx arm edb7xxx_hal

versions: vl 3 1

Package CYGPKG HAL_ARM PI D ( ARM devel opnent board (PID)):
al i ases: hal _armpid arm pid_hal

versions: vl 3 1

Package CYGPKG HAL_1386 (i 386 common HAL):
aliases: hal 1386 i386 _hal i386 arch_hal

versions: vl 3 1

Package CYGPKG HAL_|386_LI NUX (Linux synthetic target):
al i ases: hal _i 386_Ii nux
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versions: vl 3 1
Package CYGPKG HAL_ | 386_PC (i 386 PC target):

aliases: hal 1386 pc

versions: vl 3 1
Package CYGPKG HAL_M PS (M PS common HAL):

aliases: hal _nmips mps_hal mps_arch_ha

versions: vl 3 1
Package CYGPKG HAL_M PS_SIM (M PS si nul at or)

al i ases: hal _m ps_sim m ps_si m hal

versions: vl 3 1

Package CYGPKG HAL_M PS TX39 (TX39 chip HAL):

aliases: hal _tx39 tx39 hal tx39 arch_ha

versions: vl 3 1

Package CYGPKG HAL_M PS_TX39_JMR3904 (Toshi ba JMR- TX3904 board):
aliases: hal _tx39_jnmr 3904 tx39_jnr3904_ha

versions: vl 3 1

Package CYGPKG HAL_M PS_VR4300 (VR4300 chip HAL):

al i ases: hal vr4300 vr4300_hal vr4300 arch_ha

versions: vl 3 1

Package CYGPKG HAL_M PS_VR4300_VRC4373 (NEC VRC4373 board):
al i ases: hal _vrc4373 vrc4373_ha

versions: vl 3 1

Package CYGPKG HAL_MN10300 ( MN10300 conmon HAL):

al i ases: hal _m10300 m10300_hal mm10300 arch_ha

versions: vl 3 1

Package CYGPKG HAL_MN10300_AMB1 (MN10300 AMB1 variant HAL):
aliases: hal _m10300_anB81 nmm10300_anB81_ha

versions: vl 3 1

Package CYGPKG HAL MN10300_AMB1_SIM (MN10300 sinmul ator):
aliases: hal _mMm10300_si m m10300_si m hal

versions: vl 3 1

Package CYGPKG HAL_MN10300_AMB1_STDEVAL1 (Matsushita stdeval 1 board)
al i ases: hal _mm10300_stdeval 1 m10300_st deval 1_hal
versions: v1 3 1

Package CYGPKG HAL MN10300_ AMB3 (MN10300 AMB3 variant HAL):
aliases: hal _mm10300_anB83 nm10300_anB83_ha

versions: vl 3 1

Package CYGPKG_HAL_MN10300_AMB3_STB (Mat sushita STB board):
al i ases: hal _mm10300_anB3_stb m10300_anB3_stb_hal
versions: v1 3 1

Package CYGPKG HAL POAERPC ( Power PC conmon HAL) :

al i ases: hal _power pc power pc_hal powerpc_arch_ha

versions: vl 3 1

Package CYGPKG HAL_POWERPC COGENT (Cogent CMA286/ 287 boar d)
al i ases: hal _power pc_cogent power pc_cogent _ha

versions: vl 3 1

Package CYGPKG HAL PONERPC FADS (Mot orol a MPC8xxFADS boar d)
al i ases: hal _power pc_fads powerpc_fads_ha

versions: vl 3 1

Package CYGPKG_HAL_POWERPC_MBX (Mbt orol a MBX860/ 821 board):
al i ases: hal _power pc_nbx power pc_nbx_ha

versions: vl 3 1

Package CYGPKG HAL POAERPC MPC8xx (Power PC 8xx variant HAL)
al i ases: hal _npc8xx npc8xx_hal npc8xx_arch_ha

versions: vl 3 1

Package CYGPKG HAL_POWERPC PPC60x (Power PC 60x variant HAL)
al i ases: hal pp060x ppc60x_hal ppc60x_arch_ha

versions: vl 3

Package CYGPKG_ HAL PONERPC_SI M (Power PC si mul ator):
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al i ases: hal _power pc_si m power pc_si m ha

versions: vl 3 1

Package CYGPKG HAL_QUI CC (Mot orol a MBX860/821 QUI CC support):
al i ases: hal _quicc quicc_hal quicc

versions: vl 3 1

Package CYGPKG HAL_SH (SH conmon HAL):

al i ases: hal _sh sh_hal sh_arch_hal

versions: vl 3 1

Package CYGPKG HAL_SH EDK7708 (Hitachi SH7708 board):

al i ases: hal _sh_edk sh_edk _ha

versions: vl 3 1

Package CYGPKG HAL_SPARCLI TE (SPARC ite common HAL)

al i ases: hal _sparclite sparclite_hal sparclite_arch_ha
versions: vl 3 1

Package CYGPKG HAL_SPARCLI TE_SIM (SPARCIite sinulator):

al i ases: hal _sparclite_simsparclite_simha

versions: vl 3 1

Package CYGPKG HAL_SPARCLI TE_SLEB (Fujitsu MB86800- MAO1 boar d)
al i ases: hal _sparclite_sleb sparclite_sl eb_hal

versions: vl 3 1

Package CYGPKG_ I NFRA (Infrastructure):

aliases: infra

versions: vl 3 1

Package CYGPKG | O (1/0O sub-systen

aliases: io

versions: vl 3 1

Package CYGPKG_ IO PCl (PCl configuration library)

al i ases: io_pci

versions: vl 3 1

Package CYGPKG | O SERI AL (Serial device drivers):

aliases: serial io_serial

versions: vl 3 1

Package CYGPKG KERNEL (eCos kernel):

al i ases: kerne
versions: vl 3 1
Package CYGPKG LI B

C (Clibrary):
aliases: libc clibc
M

i brary

versions: vl 3 1

Package CYGPKG LIBM (Math |ibrary):
aliases: libmmathlib mathlibrary

versions: vl 3 1

Package CYGPKG U TRON (ul TRON conpatibility)
al i ases: uitron

versions: vl 3 1

Target aeb (ARM eval uation board (AEB-1)):
al i ases: aebl

Target anB1l_si m (MN10300 AMB1 mini mal simulator):
al i ases:

Target cnma230 (Cogent CMA230/ 222 board):

al i ases: cnm222

Target cna28x (Cogent CMA286/ 287 board):

al i ases: cma286 cnma287

Target ebsa285 (Intel EBSA285 StrongARM boar d)
al i ases: ebsa

Target edb7xxx (Cirrus Logic devel opnent board):
al i ases: edb7211 eb7xxx eb7211

Target fads (Modtorola MPC8xxFADS board):

al i ases:

Target jnr3904 (Toshi ba JMR-TX3904 board):
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aliases: jnr tx39
Target linux (Linux synthetic target):
al i ases:
Target mbx (Mot orol a MBX860/821 board):
al i ases: nmbx860 nbx821
Target pc (i386 PC target):
al i ases:
Target pid (ARM devel opnent board (PID)):
aliases: PID
Target psim (PowerPC sinulator):
al i ases: ppc_si m powerpc_sim
Target sh7708 (Hitachi SH7708 board):
al i ases: edk7708
Target sleb (Fujitsu MB86800- MAO1l board):
al i ases:
Target sparclite_sim (SPARCite sinulator):
aliases: sl_simsparcl_sim
Target stb (Matsushita STB board):
al i ases:
Target stdeval 1 (Matsushita stdeval 1 board):
al i ases:
Target tx39_sim (TX39 minimal simulator):
al i ases:
Target vrc4373 (NEC VRC4373 board):
al i ases:
Templ ate al l:
versions: vl 3 1
Tenpl at e cygnon:
versions: vl 3 1
Templ ate defaul t:
versions: vl 3 1
Tenpl ate kernel:
versions: vl 3 1
Tenpl ate m ni mal :
versions: vl 3 1
Tenpl at e st ubs:
versions: vl 3 1
Tenpl ate uitron:
versions: vl 3 1

For detailed information about how to edit the ecos.ecc file, see the CDL Writer’'s
Guide.

Selecting a Target

To configure for alisted target, type:
$ ecosconfig new <target>
For example, to configure for the ARM PID development board, type:
$ ecosconfig new pid
Then edit the generated file, ecos. ecc, setting the options as required for the target
(endianess, CPU model, Startup type, etc.)

Create abuild tree for the configured target by typing:
$ ecosconfig tree
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Y ou can now run the command make or make tests, after which you will be at the
same point you would be after running the Configuration Tool on Windows— you
can start developing your own applications, following the stepsin “Building and
Running Sample Applications’ on page 60.

The procedure shown above allows you to do very coarse-grained configuration of the

eCos kernel: you can select which packages to include in your kernel, and give target

and start-up options. But you cannot select components within a package, or set the

very fine-grained options.

To select fine-grained configuration options you will need to edit the configuration

fileecos. ecc in the current directory and regenerate the build tree.

CAUTION

« You should follow the manual configuration process described above very
carefully, and you should read the comments in each file to see when one option
depends on other options or packages being enabled or disabled. If you do nat,
you might end up with an inconsistently configured kernel which could fail to
build or might execute incorrectly.

Architectural Notes

There are no notes for this architecture.
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Test Suites

The eCos kernel and other packages have test suites that rigorously exercise the
available features and confirm correct execution. The tests are run on many different
possible configurations, but the high number of configuration permutations makes it
impossible to test them all. The use of test suitesis particularly important for
embedded systems, where software robustness is a priority. All eCos software is
tested prior to shipping, but if you define your own configuration, you will probably
want to verify that the test cases work for it.

Thisrelease includes test suites for the eCos kernel, kernel C API, C library, WITRON
compatibility, and device driver packages. The use of the test suitesis similar for al
packages. Thetests are supplied as source code for building with your specific eCos
configurations. The test case source code is located under the base source directory
BASE_DIR/packages/:

« compat/uitron/vl 3 1/tests

« hal/common/vl 3 l/tests

« i0/serid/vl_3 1/tests

« devs/wallclock/vl 3 1/tests

» devsiwatchdog/vl 3 1/tests

« kernel/vl 3 1/tests

« language/c/libc/ivl_3 ltests

« language/c/libm/vl_3 1/tests

There may be additional tests found in other packages.

eCos
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Each test suite consists of anumber of test cases which can be executed individually.
A test case may involve one or more individual tests of the package' s features.
Successful completion of each test within the test case is reported as aline of text that
is sent to the diagnostic channel (usualy the serial port) for display on aterminal or
termina emulator.

Each test case runs only once and usually requires target hardware to be reset on
completion. Note that certain test cases may not terminate immediately, especialy if
they involve delays and run on atarget simulator.

Using the Configuration Tool

Using the eCos Configuration Toodl it is possible to automate the downloading and
execution of testswith the appropriately configured eCos packages. To do so, compile
and link the test cases by using the Build->Tests menu item, after which the tests can
be downloaded and executed by selecting Tools->Run Tests.

When atest run isinvoked, aresizable property sheet is displayed, comprising three
tabs: Executables, Output and Summary.

Three buttons appear on the property sheet itself: Run/Sop, Close and Properties.

The Run button is used to initiate atest run. Those tests selected on the Executables
tab are run, and the output recorded on the Output and Summary tabs. During the
course of arun, the Run button changes to Stop. This button may be used to interrupt
atest run at any point.

See the eCos User’s Guide for further details.

Using the command line

At the moment, there is no tool for automating testing on Linux, so you will have to
run the tests manually.

It may also be necessary to run tests by hand if the automated tool finds any failing
tests: it may be necessary to diagnose the problem by debugging the test.

Build the tests by typing ‘ maketests' in theroot of the build directory. Thiswill cause
the tests to be built and installed under <i nst al | - pat h>/ test s/ .

Running the test manually is done simply by invoking GDB, connecting to the target,
downloading the test, optionally setting some breakpoints, and then running the test.
All thiswas covered in “ Target Setup” on page 34.
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Testing Filters

While most test cases today run solely in the target environment, some packages may
require external testing infrastructure and/or feedback from the external environment
to do complete testing.

The serial package is an example of this. It isthe first package to require external
testing infrastructure, but it will certainly not be the last.

Since the serial line is also used for communication with GDB, a filter isinserted in
the communi cation pathway between GDB and the serial device which is connected to
the hardware target. The filter forwards all communication between the two, but also
listens for special commands embedded in the data stream from the target.

When such acommand is seen, the filter stops forwarding datato GDB from the
target and enters aspecial mode. In this mode the test case running on the target isable
to control the filter, commanding it to run various tests. While these tests run, GDB is
isolated from the target.

Asthetest completes (or if the filter detects atarget crash) the communication path
between GDB and the hardware target is re-established, allowing GDB to resume
control.

In theory, it is possible to extend the filter to provide a generic framework for other
target-externa testing components, thus decoupling the testing infrastructure from the
(possibly limited) communication means provided by the target (serial, JTAG,
Ethernet, etc).

Another advantage is that the host tools will not need to know about the various

testing environments required by the eCos packages, since all contact with the target
will continue to happen via GDB.

It remains to be seen if it will be possible, or sensible, to implement all target-external
testing infrastructure viafilters.
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Building and Running Sample
Applications

The example programs in this tutorial are included, along with a Makefile, in the
examples directory of the eCos distribution. The first program you will runisahello
world-style application, then you will run amore complex application that
demonstrates the creation of threads and the use of cyg_t hr ead_del ay() , and
finally you will run one that uses clocks and alarm handlers.

The Makefile has two variables you will need to adjust: PKG_INSTALL DIRand
XCC.

Edit the Makefile, setting PKG_INSTALL _DIRtotheinstall tree previously created by
ecosconf i g and uncommenting the relevant XCC line for your architecture.

eCos Hello World

Thefollowing codeisfound in the file hel | o. ¢ in the examples directory:

eCos hello world program listing

/* this is a sinple hello world program */
#i ncl ude <stdi o. h>
i nt mai n(voi d)

printf("Hello, eCos world!\n");
return O;
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To compile this or any other program that is not part of the eCos distribution, you can
follow the procedures described below. Type this explicit compilation instruction
(assuming your current working directory is also where you built the eCos kernel):

$ gcc -g -1 BASE DI R/ ecos-work/install/include hello.c -LBASE DI R/
ecos-work/install/lib -Ttarget.ld -nostdlib

The compilation instruction above contains some standard GCC options (for example,
- g enables debugging), as well as some mention of paths (- | BASE_DI R/ ecos- wor k/

i nstal | /include alowsfileslikecyg/ ker nel / kapi . h to be found, and -

LBASE DI R/ ecos-work/install/lib alowsthelinkertofind - Tt ar get . | d).

The executable program will be called a. out .

NOTE  Some target systems require specia optionsto be passed to gcc to compile
correctly for that system. Please examine the Makefile in the examples
directory to seeif this appliesto your target.

Y ou can now run the resulting program in the simulator using GDB the way you ran
the test case. The procedure will be the same, but this time run "gdb" specifying "-nw
a.out" on the command line:

$ gdb -nw a. out
For targets other than the synthetic linux target, you should now run the usual GDB
commands described earlier. Once thisis done, typing the command "run" at the (gdb)
prompt ("continue” for real hardware) will allow the program to execute and print the
string "Hello, eCos world!" on your screen.

On the synthetic linux target, you may use the "run” command immediately - you do
not need to invoke simulator macros, nor the "load" command.

A Sample Program with Two
Threads

Below is a program that uses some of eCos' system calls. It creates two threads, each
of which goesinto an infinite loop in which it sleeps for awhile (using

cyg_t hread_del ay()). Thiscodeisfound in the file twothreads.c in the
examples directory.

eCos two-threaded program listing

#i ncl ude <cyg/ ker nel / kapi . h>
#i ncl ude <stdio. h>

#i ncl ude <nmat h. h>

#i ncl ude <stdlib. h>

/* now declare (and all ocate space for) sone kernel objects,
like the two threads we will use */
cyg_thread thread_s[2];/* space for two thread objects */

eCos
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char stack[2][4096];/* space for two 4K stacks */

/* now the handles for the threads */
cyg_handl e_t sinple_threadA, sinple_threadB;

/* and now variables for the procedure which is the thread */
cyg_thread_entry_t sinple_program

/* and now a mutex to protect calls to the Clibrary */
cyg_mutex_t cli bl ock;

/* we install our own startup routine which sets up threads */
voi d cyg_user_start(void)

printf("Entering twthreads’ cyg_user_start() function\n");
cyg_mutex_init(&cliblock);

cyg_thread_create(4, sinple_program (cyg_addrword_t) O,
"Thread A", (void *) stack[0], 4096,

&si mpl e_t hreadA, & hread_s[0]);

cyg_thread_create(4, sinple_program (cyg_addrword_ t) 1,
"Thread B", (void *) stack[1], 4096,

&si npl e_threadB, &t hread_s[1]);

cyg_thread_resunme(sinpl e_t hreadA);
cyg_thread_resume(sinpl e_threadB);

/* this is a sinple programwhich runs in a thread */
voi d sinpl e_progranm cyg_addrword_t data)
{

int message = (int) data;
int del ay;

printf("Begi nning execution; thread data is %\ n", nessage);
cyg_t hread_del ay(200);

for (5;) {
delay = 200 + (rand() % 50);

/* note: printf() nust be protected by a

call to cyg_nutex_|ock() */

cyg_mut ex_| ock(&cliblock); {

printf("Thread %: and now a delay of %l clock ticks\n",
nmessage, del ay);

cyg_mut ex_unl ock(&cl i bl ock) ;
cyg_t hread_del ay(del ay) ;
}

}
When you run the program (by typing r un at the (gdb) prompt) the output should look
likethis:

Starting program BASE DI R exanpl es/twot hr eads. exe
Entering twothreads’ cyg_user_start() function
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Begi nni ng executi on;
Begi nni ng execution

Thr ead
Thr ead
Thr ead
Thr ead
Thr ead
Thr ead
Thr ead
Thr ead

eRreRreRrRre

and
and
and
and
and
and
and
and

now a
now a
now a
now a
now a
now a
now a
now a

thread data
thread data

del ay
del ay
del ay
del ay
del ay
del ay
del ay
del ay

of
of
of
of
of
of
of
of

240
225
234
231
224
249
202
235

is O
is 1
cl ock
cl ock
cl ock
cl ock
cl ock
cl ock
cl ock
cl ock

i cks
i cks
i cks
i cks
i cks
i cks
i cks

t
t
t
t
t
t
t
ticks

NOTE When running in asimulator the delays might be quite long. On a hardware
board (where the clock speed is 100 ticks/second) the delays should average
to about 2.25 seconds. In simulation, the delay will depend on the speed of the
processor and will almost always be much slower than the actual board. Y ou
might want to reduce the delay parameter when running in simulation.

Figure 9, page 64 shows how this multitasking program executes. Note that apart from
the thread creation system calls, this program also creates and uses a mutex for
synchronization between thepri nt f () calsin thetwo threads. Thisis because the
C library standard 1/0O (by default) is configured not to be thread-safe, which means
that if more than one thread is using standard I/O they might corrupt each other. This
is fixed by amutual exclusion (or mutex) lockout mechanism: the threads do not call
printf() untilcyg_mut ex_| ock() hasreturned, which only happenswhen the
other thread callscyg_nut ex_unl ock() .

Y ou could avoid using the mutex by configuring the C library to be thread-safe (by
sel ecting the component CYGSEM LI BC_STDI O THREAD_SAFE_STREAMS). Keep in mind
that if the C library is thread-safe, you can no longer use pri nt f () in
cyg_user _start().
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Figure 9: Two threadswith simple print statements after random delays

mutin program
eyg_thread_create() cyg_thread_create()
¥ ¥
Threwd A Thread B
delay
|
delay
print message
s ) fimne:
print message
delay
delay
print messare
.-"_II_'W
print message
delay
e 4
delay
."'_II_"\
print messapge
|
prini message
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14

More Features — Clocks and
Alarm Handlers

If aprogram wanted to execute atask at agiven time, or periodically, it could doitin
an inefficient way by sitting in an infinite loop and checking the real-time clock to see
if the proper amount of time has elapsed. But operating systems usually provide
system calls which allow the program to be interrupted at the desired time.

eCos provides arich timekeeping formalism, involving counters, clocks, alarms, and
timers. The precise definition, relationship, and motivation of these featuresis beyond
the scope of thistutorial, but these examples illustrate how to set up basic periodic
tasks.

Alarms are events that happen at a given time, either once or periodically. A thread
associates an alarm handling function with the alarm, so that the function will be
invoked every time the alarm “ goes off”.

A Sample Program with Alarms

si npl e- al ar m ¢ (in the examples directory) is a short program that creates a thread
that creates an alarm. The alarm is handled by the functiont est _al arm func(),
which sets a global variable. When the main thread of execution sees that the variable

has changed, it prints a message.

eCos
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Table 4: A sample program that createsan alarm

/* this is a very sinple programneant to denonstrate
a basic use of time, alarms and al arm handling functions
in eCos */

#i ncl ude <cyg/ kernel / kapi . h>
#i ncl ude <stdio. h>

#def i ne NTHREADS 1
#def i ne STACKSI ZE 4096

static cyg_handl e_t thread[ NTHREADS] ;

static cyg_thread thread_obj [ NTHREADS] ;
static char stack[ NTHREADS] [ STACKSI ZE] ;

static void alarmprog( cyg_addrword_t data );

/* we install our own startup routine which sets up
threads and starts the schedul er */
voi d cyg_user_start(void)

cyg_thread_create(4, alarmprog, (cyg_addrword_t) O,
"alarmthread", (void *) stack[O0],

STACKSI ZE, &t hread[0], &t hread_obj[0]);
cyg_thread_resunme(thread[0]);

/* we need to declare the alarm handling function (which is
defined below), so that we can pass it to
cyg alarminitialize() */

cyg alarmt test_al armfunc;

/* alarmprog() is a thread which sets up an alarmwhich is then
handl ed by test_alarmfunc() */
static void alarm prog(cyg_addrword_t data)

cyg_handl e_t test_counterH, systemclockH, test_alarnH;
cyg_tick_count _t ticks;

cyg alarmtest_alarm

unsi gned how _nmany_alarnms = 0, prev_alarnms = 0, tnp_how _nany;

system cl ockH = cyg_real _tinme_cl ock();
cyg_clock_to_counter(systemcl ockH, &test_counterH);
cyg_alarmcreate(test_counterH, test_al armfunc,
(cyg_addrword_t) &how _nany_al ar s,

& est_alarnmH, &test_alarm;

cyg alarminitialize(test_alarmH, cyg _current_tinme()+200, 200);

/* get in aloop in which we read the current tine and

print it out, just to have sonething scrolling by */

for () {

ticks = cyg_current _time();

printf("Time is %lu\n", ticks);

/* note that we nust |ock access to how many_al arns, since the
al arm handl er m ght change it. this involves using the

annoyi ng tenporary variable tnp_how many so that | can keep the
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critical region short */

cyg_schedul er _I| ock();

t np_how_nany = how_nany_al ar ns;
cyg_schedul er _unl ock();

if (prev_alarns != tnp_how many) {

printf(" --- alarmcalls so far: %\n", tnp_how _many)
prev_al arms = t np_how_many;

}
cyg_t hread_del ay(30);
}

}

/* test_alarmfunc() is invoked as an alarm handl er, so

it should be quick and sinple. in this case it increments
the data that is passed to it. */

void test_alarm func(cyg_handl e_t al arnH, cyg_addrword_t data)

++*((unsi gned *) data);

When you run this program (by typing r un at the (gdb) prompt) the output should

look like this:

Starting program BASE DI R/ exanpl es/ si npl e-al arm exe
Tinme is O

Tinme is 30

Time is 60

Tinme is 90

Time is 120

Tinme is 150

Time is 180

Tinme is 210

--- alarmcalls so far: 1

Tinme is 240

Time is 270

Tinme is 300

Time is 330

Tinme is 360

Time is 390

Tinme is 420

--- alarmcalls so far: 2

Tinme is 450

Time is 480

NoTE  When running in a simulator the delays might be quite long. On a hardware
board (where the clock speed is 100 ticks/second) the delays should average
to about 0.3 seconds (and 2 seconds between alarms). In simulation, the delay
will depend on the speed of the processor and will almost always be much
dower than the actual board. Y ou might want to reduce the delay parameter
when running in simulation.

Here are afew things you might notice about this program:

« ltusedthecyg real tinme_cl ock();thisawaysreturnsahandleto the
default system real-time clock.
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« Alarmsare based on counters, so the function cyg_al arm creat e() usesa
counter handle. The program used the functioncyg_cl ock_to_count er ()
to strip the clock handle to the underlying counter handle.

» Oncetheaamiscreateditisinitidized withcyg_al arm.initiali ze(),
which sets the time at which the alarm should go off, as well as the period for
repeating alarms. It is set to go off at the current time and then to repeat every 200
ticks.

« Theaarm handler functiont est _al ar m func() conformsto the guidelines
for writing alarm handlers and other delayed service routines: it does not invoke
any functions which might lock the scheduler. Thisis discussed in detail in the
eCos Reference Manual, in the chapter Requirements for programs.

« Thereisacritical region in this program: the variable how_many_alarmsis
accessed in the main thread of control and is also modified in the alarm handler.
To prevent a possible (though unlikely) race condition on this variable, access to
how_many_alarmsin the principal thread is protected by callsto
cyg_schedul er _| ock() andcyg_schedul er _unl ock() . When the
scheduler islocked, the alarm handler will not be invoked, so the problemis
averted.
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Sample numbers:

Appendix 1: Real-time
characterization

For adiscussion of real-time performance measurement for eCos, seethe eCos Users

Guide.

Sample numbers:

Board: Hitachi EDK7708

CPU : Hitachi SH3/7708 60MHz

Startup, main stack
Startup
Startup

eCos Kernel Timngs

Notes: all times are in microseconds (.000001) unless otherw se stated

Readi ng t he hardware
. this value wll
Cl ock interrupt took

Testing paraneters:
Cl ock sanpl es:
Thr eads:

Thread switches:
Mut exes:

Mai | boxes:
Senmaphor es:
Schedul er operati

stack used
Interrupt stack used
| dl et hread stack used

444 si ze
76 size
96 si ze

clock takes 2 ‘ticks’ overhead
be factored out of all other neasurenents

14.75 mi croseconds (55 raw cl ock ticks)

32

16

128

32

32

32

ons: 128

4112
4096
2048
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CPU : Hitachi SH3/7708 60MHz

Count ers:

Al ar ns:

=

N
P NOOOWWAKWWWWOWOWON OONNWWRE RRPRPPO QORUONWANIIWOORNNWO

[EnY

o

[EnY
P PROOWNWNWWWOWOWON ©ONNMMNE PRERO ONORONWANRWOOWNN LW

[EnY

N

N NNPRPRONUIORNOUIONRER WONUINUOILW WWWNO

[EnY

Confi dence
Ave Mn Function

62% 50% Create thread
93% 68% Yield thread [all suspended]
81% 62% Suspend [ suspended] thread
93% 87% Resune thread
93% 93% Set priority
68% 62% Get priority
93% 93% Kill [suspended] thread
93% 75% Yield [no other] thread
93% 87% Resune [suspended | ow prio] thread
81% 75% Resune [runnable | ow prio] thread
68% 25% Suspend [runnabl e] thread
93% 68% Yield [only |ow prio] thread
81% 12% Suspend [runnabl e->not runnabl e]
93% 93%Kill [runnable] thread
87% 93% Destroy [dead] thread
93% 93% Destroy [runnabl e] thread
75% 75% Resune [high priority] thread
99% 99% Thread swi tch
75% 75% Schedul er | ock
99% 50% Schedul er unl ock [0 threads]
99% 57% Schedul er unl ock [1 suspended]
75% 23% Schedul er unl ock [many suspended]
94% 4% Schedul er unl ock [many | ow pri o]
96% 65% I nit mutex
68% 28% Lock [unl ocked] nutex
84% 75% Unl ock [l ocked] mutex
96% 65% Tryl ock [unl ocked] nutex
96% 53% Tryl ock [l ocked] mutex
96% 96% Destroy nutex
84% 12% Unl ock/ Lock mut ex
59% 34% Creat e nbox
56% 40% Peek [enpty] nbox
84% 59% Put [first] nbox
62% 34% Peek [1 nsg] nbox
81% 6% Put [second] mbox
59% 40% Peek [2 nsgs] mbox
59% 9% Get [first] nbox
59% 12% Get [second] nbox
56% 78% Tryput [first] nbox
59% 65% Peek item [non-enpty] mnbox
68% 3% Tryget [non-enpty] nbox
93% 3% Peek item [enpty] mbox
96% 56% Tryget [enpty] nbox
84% 3% Waiting to get mbox
62% 21% Waiting to put nbox
78% 65% Del ete mbox
96% 96% Put/ Get nbox
71% 71% Init semaphore

O 000P0000000000000 0000000 00000 ORRPOROOOOOOROOOOOR
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[EEY

[EEY
owRkpoOR OWOOER NMOONMNWN

PRy
ohNpNoO

N

376

Al |l done,

~rOUOIOO
NhON

o~
ANO©

N
FEN

[ PN
o~

N )
NEN Y.

o 0o
~rON

.75
.60
.04
.44
.06
.62

.79

All done
Al |l done

Timng conplete -
PASS: <Basi ¢ timing OK>

2.40 4. 27
2.67 4.53
2.40 4. 80
2.40 2.93
0.53 2.13
0. 53 1.87
12. 27 17. 07
1.07 2.93
0. 27 1.33
0.27 1. 60
3. 20 4. 80
0.53 2.13
1.60 4. 00
4. 80 9. 07
0.27 1. 33
4,27 9. 60
0. 80 2.67
3. 47 5.33
14. 93 16. 27
5. 60 8. 00
79. 47 81. 07
16. 80 18. 93
12. 27 29. 60
12. 27 27. 20
17. 07 38. 40
2.40 6. 13
376 376 (
mai n st ack

EXI T: <done>

0.15 62%
0.17 65%
0.20 96%
0.03 96%
0.15 59%
0.12 71%
0.28 84%
0.17 53%
0.13 59%
0.17 46%
0.16 53%
0.13 62%
0.21 43%
0. 36 93%
0.19 87%
0.35 87%
0.18 53%
0.15 84%
0.16 71%
0.21 96%
0.17 96%
0.15

0.31 96%
0.53 82%
1.44 57%
0. 00

mai n st ack: 764) Thread stack used (992 total)

25% Post [0] semaphore
12% Wait [1] semaphore
71% Trywait [0] semaphore
96% Trywait [1l] semmphore
28% Peek senmphore

25% Destroy semaphore
96% Post/ Wait semaphore

43% Creat e counter
21% Get counter val ue
43% Set counter val ue
28% Ti ck counter

25% Del et e counter

40% Create alarm
75% I nitialize alarm
53% Di sabl e alarm
62% Enabl e al arm
40% Del ete al arm

84% Tick counter [1 alarni
71% Ti ck counter [nmany al arns]
68% Tick & fire counter [1 alarni

65% Tick & fire counters [>1 together]

Cl ock/interrupt |atency

. stack used 764 size 4112
Interrupt stack used 176 size 4096
| dl et hread stack used 352 size 2048

23860 ns total

65% 31% Tick & fire counters [>1 separately]
96% Al arm | atency [0 threads]

4% Alarm | atency [2 threads]
34% Al arm | atency [many threads]
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Appendix 2: eCos Licensing

RED HAT ECOS PUBLIC LICENSE
Version 1.1

1. DEFI NI TI ONS.

1.1. “Contributor” means each entity that creates or contributes to the
creation of Mdifications.

1.2. “Contributor Version” means the conbination of the Oiginal Code, prior
Modi fi cations used by a Contributor, and the Mdifications nmade by that
particular Contributor.

1.3. “Covered Code” neans the Original Code or Mdifications or the
conbi nati on of the Original Code and Mbdifications, in each case including
portions thereof.

1.4. “Electronic Distribution Mechani snf neans a nechani smgenerally accepted
in the software devel opment comunity for the electronic transfer of data.

1.5. “Executabl e” neans Covered Code in any formother than Source Code.

1.6. “Initial Devel oper” means the individual or entity identified as the
Initial Devel oper in the Source Code notice required by Exhibit A

1.7. “Larger Work” nmeans a work which conbi nes Covered Code or portions
thereof with code not governed by the terns of this License.

1.8. “License” neans this docunent.

1.9. “Modifications” means any addition to or deletion fromthe substance or
structure of either the Oiginal Code or any previous Mdifications. Wen
Covered Code is released as a series of files, a Mddification is:

A. Any addition to or deletion fromthe contents of a file containing Oiginal
Code or previous Modifications.

B. Any new file that contains any part of the Original Code or previous
Modi fi cati ons.

1.10. “Original Code” neans Source Code of computer software code which is
described in the Source Code notice required by Exhibit A as Oiginal Code,
and which, at the tinme of its release under this License is not already
Covered Code governed by this License.
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1.11. “Source Code” neans the preferred formof the Covered Code for naking
nmodi fications to it, including all nodules it contains, plus any associ ated
interface definition files, scripts used to control conpilation and
installation of an Executable, or a list of source code differential

conpari sons agai nst either the Original Code or another well known, avail able
Covered Code of the Contributor’s choice. The Source Code can be in a
conpressed or archival form provided the appropriate deconpression or de-
archiving software is widely available for no charge.

1.12. “You” neans an individual or a legal entity exercising rights under, and
conplying with all of the terns of, this License or a future version of this
Li cense i ssued under Section 6.1. For legal entities, “You” includes any
entity which controls, is controlled by, or is under common control with You.
For purposes of this definition, “control” neans (a) the power, direct or
indirect, to cause the direction or nmanagenent of such entity, whether by
contract or otherw se, or (b) ownership of fifty percent (50% or nmore of the
out standi ng shares or beneficial ownership of such entity.

1.13. “Red Hat Branded Code” is code that Red Hat distributes and/or pernits
others to distribute under different terns than the Red Hat eCos Public
Li cense. Red Hat's Branded Code may contain part or all of the Covered Code.

2. SQURCE CCDE LI CENSE.

2.1. The Initial Developer Gant. The Initial Devel oper hereby grants You a
wor | d-wi de, royalty-free, non-exclusive |license, subject to third party
intellectual property clains:

(a) to use, reproduce, nodify, display, perform sublicense and distribute the
Oiginal Code (or portions thereof) with or w thout Modifications, or as part
of a Larger Wrk; and

(b) under patents now or hereafter owned or controlled by Initial Devel oper,
to make, have nmade, use and sell (“WUilize”) the Oiginal Code (or portions
thereof), but solely to the extent that any such patent is reasonably
necessary to enable You to UWilize the Original Code (or portions thereof) and
not to any greater extent that may be necessary to Uilize further

Modi fi cati ons or comnbinati ons.

2.2. Contributor Grant. Each Contributor hereby grants You a worl d-w de,
royalty-free, non-exclusive license, subject to third party intellectual
property cl ai ns:

(a) to use, reproduce, nodify, display, perform sublicense and distribute the
Modi fi cations created by such Contributor (or portions thereof) either on an
unnodi fied basis, with other Mdifications, as Covered Code or as part of a
Larger Wrk; and

(b) under patents now or hereafter owned or controlled by Contributor, to
Utilize the Contributor Version (or portions thereof), but solely to the
extent that any such patent is reasonably necessary to enable You to Utilize
the Contributor Version (or portions thereof), and not to any greater extent
that may be necessary to Utilize further Mddifications or comnbinations.

3. DI STRI BUTI ON OBLI GATI ONS.
3.1. Application of License. The Mdifications which You create or to which You

contribute are governed by the terns of this License, including wthout
limtation Section 2.2. The Source Code version of Covered Code nay be
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distributed only under the terns of this License or a future version of this
Li cense released under Section 6.1, and You must include a copy of this

Li cense with every copy of the Source Code You distribute. You may not offer or
i mpose any terns on any Source Code version that alters or restricts the
applicable version of this License or the recipients rights hereunder.
However, You may include an additional docunent offering the additional rights
described in Section 3.5.

3.2. Availability of Source Code. Any Mdification which You create or to which
You contribute must be nade avail able in Source Code formunder the terns of
this License via an accepted El ectronic Distribution Mechanismto anyone to
whom you made an Executable version available and to the Initial Devel oper;
and if made available via Electronic Distribution Mechanism nmnust remain
avail able for at least twelve (12) nonths after the date it initially becane
avail able, or at least six (6) nonths after a subsequent version of that
particular Modification has been nmade available to such recipients. You are
responsi ble for ensuring that the Source Code version remains avail able even
if the Electronic Distribution Mechanismis maintained by a third party. You
are responsible for notifying the Initial Devel oper of the Mdification and
the location of the Source if a contact neans is provided. Red Hat will be
acting as naintainer of the Source and nay provide an El ectronic Distribution
mechani sm for the Moddification to be made avail able. You can contact Red Hat
to make the Modification available and to notify the Initial Devel oper.

3.3. Description of Mdifications. You nust cause all Covered Code to which you
contribute to contain a file docunenting the changes You made to create that
Covered Code and the date of any change. You nust include a prom nent
statenent that the Mdification is derived, directly or indirectly, from
Original Code provided by the Initial Devel oper and including the name of the
Initial Devel oper in (a) the Source Code, and (b) in any notice in an

Execut abl e version or rel ated docunmentation in which You describe the origin
or ownership of the Covered Code.

3.4. Intellectual Property Mtters

(a) Third Party dains. If You have know edge that a party clains an
intellectual property right in particular functionality or code (or its
utilization under this License), you nust include a text file with the source
code distribution titled “LEGAL” which describes the claimand the party
making the claimin sufficient detail that a recipient will know whom to
contact. If you obtain such know edge after You make Your Modification
avail abl e as described in Section 3.2, You shall pronptly nodify the LEGAL
filein all copies You nake available thereafter and shall take other steps
(such as notifying appropriate nmailing lists or newsgroups) reasonably
calculated to informthose who received the Covered Code that new know edge
has been obt ai ned.

(b) Contributor APIs. If Your Mdification is an application progranm ng
interface and You own or control patents which are reasonably necessary to
i mpl ement that API, you nust also include this information in the LEGAL file.

3.5. Required Notices. You nust duplicate the notice in Exhibit Ain each file
of the Source Code, and this License in any docunentation for the Source Code,
where You describe recipients rights relating to Covered Code. If You created
one or nore Modification(s), You may add your nane as a Contributor to the
Source Code. If it is not possible to put such notice in a particular Source
Code file due to its structure, then you nust include such notice in a location
(such as a relevant directory file) where a user would be likely to | ook for
such a notice. You may choose to offer, and to charge a fee for, warranty,
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support, indemity or liability obligations to one or nore recipients of
Covered Code. However, You may do so only on Your own behal f, and not on behal f
of the Initial Developer or any Contributor. You nust nmake it absolutely clear
that any such warranty, support, indemity or liability obligation is offered
by You alone, and You hereby agree to indemify the Initial Devel oper and
every Contributor for any liability incurred by the Initial Devel oper or such
Contributor as aresult of warranty, support, indemity or liability ternms You
of fer.

3.6. Distribution of Executable Versions. You may distribute Covered Code in
Executable formonly if the requirenents of Section 3.1-3.5 have been net for
that Covered Code, and if You include a notice stating that the Source Code
version of the Covered Code is available wunder the terns of this License
including a description of how and where You have fulfilled the obligations of
Section 3.2. The notice nust be conspicuously included in any notice in an
Execut abl e version, rel ated docunentation or collateral in which You descri be
recipients rights relating to the Covered Code. You nay distribute the

Execut abl e version of Covered Code under a |icense of Your choice, which may
contain terns different fromthis License, provided that You are in conpliance
with the terns of this License and that the |icense for the Executabl e version
does not attenpt to limt or alter the recipients rights in the Source Code
version fromthe rights set forth in this License. If You distribute the
Execut abl e version under a different license You nust nake it absolutely clear
that any termnms which differ fromthis License are offered by You al one, not by
the Initial Devel oper or any Contributor. You hereby agree to indemify the
Initial Devel oper and every Contributor for any liability incurred by the
Initial Devel oper or such Contributor as a result of any such terns You offer.
If you distribute executable versions containing Covered Code, you rnust
reproduce the notice in Exhibit Bin the documentation and/or other naterials
provided with the product.

3.7. Larger Works. You nmay create a Larger Wrk by conbi ning Covered Code with
ot her code not governed by the terns of this License and distribute the Larger
Work as a single product. In such a case, You nust make sure the requirenments
of this License are fulfilled for the Covered Code

4. I NABILITY TO COWLY DUE TO STATUTE OR REGULATI ON.

If it is inmpossible for You to conply with any of the terms of this License
with respect to sone or all of the Covered Code due to statute or regulation
then You nust: (a) conmply with the ternms of this License to the maxi mum ext ent
possible; (b) cite the statute or regulation that prohibits you from adhering
to the license; and (c) describe the Ilimitations and the code they affect.
Such description nust be included in the LEGAL file described in Section 3.4
and nust be included with all distributions of the Source Code. Except to the
extent prohibited by statute or regulation, such description nust be

sufficiently detailed for a recipient of ordinary skill to be able to
understand 1t. You nust submit this LEGAL file to Red Hat for review, and You
wi Il not be able use the covered code in any nmeans until permission is granted

fromRed Hat to allowfor the inability to conply due to statute or regul ation
5. APPLI CATION OF TH S LI CENSE

This License applies to code to which the Initial Devel oper has attached the
notice in Exhibit A, and to related Covered Code

Red Hat may include Covered Code in products w thout such additional products
becom ng subject to the terns of this License, and may |icense such additiona
products on different terms fromthose contained in this License. Red Hat may
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license the Source Code of Red Hat Branded Code w thout Red Hat Branded Code
becom ng subject to the terns of this License, and may |icense Red Hat Branded
Code on different terns fromthose contained in this License. Contact Red Hat
for details of alternate licensing terns avail able.

6. VERSIONS OF THE LI CENSE.

6.1. New Versions. Red Hat may publish revised and/or new versions of the
Li cense fromtinme to time. Each version will be given a distinguishing version
nunber .

6.2. Effect of New Versions. Once Covered Code has been published under a
particular version of the License, You may al ways continue to use it under the
terms of that version. You may al so choose to use such Covered Code under the
terms of any subsequent version of the License published by Red Hat. No one
other than Red Hat has the right to nodify the ternms applicable to Covered Code
beyond what is granted under this and subsequent Licenses.

6.3. Derivative Wirks. |If you create or use a nodified version of this License
(which you may only do in order to apply it to code which is not already
Covered Code governed by this License), you nmust (a) renane Your |license so
that the phrases “ECOS’, “eCos”, “Red Hat”, “RHEPL” or any confusingly simlar
phrase do not appear anywhere in your |icense and (b) otherw se nake it clear
that your version of the license contains terms which differ fromthe Red Hat
eCos Public License. (Filling in the name of the Initial Devel oper, Oiginal
Code or Contributor in the notice described in Exhibit A shall not of

t hensel ves be deened to be nodifications of this License.)

7. DI SCLAI MER OF WARRANTY.

COVERED CODE |'S PROVI DED UNDER THI'S LI CENSE ON AN “AS | S" BASIS, W THOUT
WARRANTY OF ANY KIND, EI THER EXPRESSED OR | MPLI ED, | NCLUDI NG W THOUT

LI M TATI ON, WARRANTI ES THAT THE COVERED CODE | S FREE OF DEFECTS, MERCHANTABLE,
FIT FOR A PARTI CULAR PURPOSE OR NON- I NFRING NG THE ENTIRE RISK AS TO THE
QUALI TY AND PERFORMANCE OF THE COVERED CODE IS WTH YOQU. SHOULD ANY COVERED
CODE PROVE DEFECTI VE | N ANY RESPECT, YOU (NOT THE I N TI AL DEVELOPER OR ANY
OTHER CONTRI BUTOR) ASSUME THE COST OF ANY NECESSARY SERVI CI NG, REPAIR OR
CORRECTI ON. THI' S DI SCLAI MER OF WARRANTY CONSTI TUTES AN ESSENTI AL PART OF THI S
LI CENSE. NO USE OF ANY COVERED CODE | S AUTHORI ZED HEREUNDER EXCEPT UNDER THI S
DI SCLAI MER.

8. TERM NATI ON.

This License and the rights granted hereunder will ternminate autonatically if
You fail to conply with terns herein and fail to cure such breach within 30
days of beconing aware of the breach. All sublicenses to the Covered Code
whi ch are properly granted shall survive any termination of this License.
Provi si ons which, by their nature, nmust remain in effect beyond the
termination of this License shall survive.

9. LIMTATION OF LI ABILITY.

UNDER NO Cl RCUMSTANCES AND UNDER NO LEGAL THECRY, WHETHER TORT (| NCLUDI NG
NEGLI GENCE), CONTRACT, OR OTHERW SE, SHALL THE | NI TI AL DEVELOPER, ANY OTHER
CONTRI BUTOR, OR ANY DI STRI BUTOR OF COVERED CCDE, OR ANY SUPPLI ER OF ANY OF
SUCH PARTIES, BE LI ABLE TO YOU OR ANY OTHER PERSON FOR ANY | NDI RECT, SPECI AL,
I NCI DENTAL, OR CONSEQUENTI AL DAMAGES OF ANY CHARACTER | NCLUDI NG, W THOUT

LI M TATI ON, DAMACGES FOR LOSS OF GOODW LL, WORK STOPPAGE, COVPUTER FAI LURE OR
MALFUNCTI ON, OR ANY AND ALL OTHER COMMERCI AL DAVAGES OR LGOSSES, EVEN | F SUCH
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PARTY SHALL HAVE BEEN | NFORMED OF THE POSSI BILITY OF SUCH DAMAGES. THI S
LIMTATION OF LIABILITY SHALL NOT APPLY TO LI ABI LI TY FOR DEATH OR PERSONAL
INJURY RESULTI NG FROM SUCH PARTY' S NEGLI GENCE TO THE EXTENT APPLI CABLE LAW
PROHI BI TS SUCH LI M TATI ON. SOVE JURI SDI CTI ONS DO NOT ALLOW THE EXCLUSI ON OR
LI M TATI ON OF | NCI DENTAL OR CONSEQUENTI AL DAMAGES, SO THAT EXCLUSI ON AND

LI M TATI ON MAY NOT APPLY TO YQU.

10. U S. GOVERNVENT END USERS.

The Covered Code is a “commercial item” as that term is defined in 48 C.F.R
2.101 (Cct. 1995), consisting of “commercial conputer software” and
“conmmerci al computer software docunentation,” as such terms are used in 48
CF.R 12.212 (Sept. 1995). Consistent with 48 CF.R 12.212 and 48 CF.R
227.7202-1 through 227.7202-4 (June 1995), all U S. Government End Users
acqu