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A GROWING LIST OF VENDORS IS
ENCOURAGING THE USE OF OPEN-
SOURCE SOFTWARE, AND EMBEDDED-
SYSTEM DESIGNERS ARE NOW CONSID-
ERING FREE, OPEN-SOURCE SOFTWARE
FOR OPERATING SYSTEMS, DEVELOP-
MENT TOOLS, AND APPLICATIONS.
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F OLLOWING THE LEAD of start-ups and low-

budget projects, the embedded-system-de-

velopment community has now adopted the use

of open-source software, which has gained a

substantial foothold in that area. People have

developed scores of high-volume consumer

products with free software that anyone can

download from the In-
ternet. Readily available
source code, innovative pro-
gramming, easy adaptability,
and zero recurring costs are a
few of the reasons adopters
cite for basing their projects
on this alternative to propri-
etary software. Although free
software may seem like a
panacea, skeptics point to li-
censing and support issues
that may dim the hopes of
some product developers.
Open-source software pro-
grams are available free to the
general public to use as they
are or to modify for applica-
tions. Programmers typically
create open-source projects as
collaborative efforts in which
the programmers improve
the code and share the
changes within the commu-
nity. These projects rely on
peer review of the software to
locate and remove bugs. The
most famous example and
possibly the beginning of the
popular open-source move-
ment was Linus Torvald’s
Unix kernel clone, Linux. Tor-
vald was the project leader

and used the Internet to com-
municate with developers and
update the code. With other
open-source software from
the GNU (GNU'’s not Unix)
project, the Linux operating
system has evolved into mul-
tiple projects encompassing
dozens of commercial ven-
dors and thousands of devel-
opers.

Though people once con-
sidered open-source-software
development to be a part-time
intellectual challenge for pro-
grammer hobbyists, it has be-
come highly organized with
collaborative  participation
from both individuals and
some of the world’s largest
companies. These companies
contribute the efforts of their
employees to ensure that the
future direction of software
development matches their
needs. For example, IBM, Ap-
ple, and Sun participate in
open-source projects and also
base several hardware and
software products on the re-
sulting code. IBM’s Linux
Technology Center employs
more than 200 full-time pro-
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grammers working on open-source proj-
ects,and longtime proprietary proponent
Apple based its latest operating system on
a free software core.

FREE DOWNLOADS

Linux and other operating systems are
not the only open-source projects. Source-
forge.net, the largest Internet repository of
open-source code and applications, lists
more than 58,000 active development
projects that you can join or simply down-
load. In addition to operating systems, ac-
tive categories include communications,
database, office, multimedia, gaming, se-
curity, Internet, and software-develop-
ment projects. The Sourceforge Web site
provides free services to open-source de-
velopers, including project hosting and
provisions for tracking versions, bugs, up-
date requests, and patches. Sourceforge.
net is part of VA Software’s Open-source
Development Network.

Open-source software has found favor
with developers searching for ways to
lower the recurring cost of embedded
products. The royalties of a commercial
operating system or third-party applica-
tion-support packages, even at high vol-
umes, consume an important portion of
an embedded device’s cost. One ap-
proach to lowering these recurring costs
is to adapt one or more open-source pro-
grams to fit your application. This adap-
tation will probably add costs to the non-
recurring portion of the project; how-
ever, the overall savings may be signifi-
cant at higher volumes. Users often cite
this flexibility as a major advantage of

AT A GLANCE

> The open-source movement allows em-
bedded-system developers to download
thousands of royalty-free operating systems
and application packages.

> Open-source software users have Inter-
net access to both individual and commer-
cial support teams to track down and repair
bugs.

> Careful segmentation allows proprietary
products to include both open- and protect-
ed-code sections while complying with li-
cense restrictions.

> Open-source vendors have found a
profitable business model by combining
subscription support, tools, and services
with their free software.

open-source software over proprietary
packages. With source code available, de-
velopers can create a software version
that exactly fits their application, mini-
mizing computing and memory re-
sources. Conversely, proprietary vendors
must create a product that works with the
largest segment of their customer base
and exactly matches the needs of only a
few. Proprietary vendors correctly point
out that the initial acquisition cost is but
a small part of the life-cycle cost of em-
bedded software (see sidebar “The cost
of free software”).

Open-source software also appeals to
“roll-your-own” developers who have es-
sentially written operating-system func-

THE COST OF FREE SOFTWARE

By Hank Cohen, Wind River Systems Inc

tions, such as task scheduling, network-
ing, and user interfaces, into a single large
application package. As the complexity of
their embedded devices grows, these de-
velopers are struggling to meet customer
demands while living within traditional
development budgets. Open-source op-
erating systems provide a low-cost tech-
nique for incorporating tested support
software and concentrating development
efforts on application-unique routines.
Open-source operating systems may
work with little customization and are
mature enough that little risk arises in
their adoption.

Although the easiest way to make soft-
ware open is to release it into the public
domain without a copyright, most de-
velopers prefer some formal licensing.
Opponents of open-source software cite
confusion and concerns over licensing
rules that may force developers to reveal
proprietary code, and their confusion
may be justified: The Open Source Ini-
tiative Web site (www.opensource.org)
lists more than 40 certified software-li-
cense types. In short, developers and
copyright owners may distribute their
software under the terms of any agree-
ment that they deems appropriate. In
fact, they may use multiple licensing
agreements. For example, some agree-
ments differentiate between commercial
applications and nonprofit users, such as
educational institutions.

NO ROYALTIES

The most common open-source li-
cense is the GPL (General Public License)

Cost is probably the most
important yet the most mis-
leading consideration in choos-
ing an open-source software
product. Although most Linux
advocates, especially those with
a vested interest in selling
maintenance or services, admit
that Linux is “free, as in free-
dom,” not “free, as in beer.”
Nonetheless, they can never
resist the urge to point to their
low cost of acquisition and zero
marginal cost of deployment.
Wind River Systems has done
extensive research into of the
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costs of embedded-software
development and found that
acquisition- and deployment-
licensing fees represent only
4% of the total cost of embed-
ded software. New-software
development accounts for
approximately half of the
remaining 96%, and selection,
integration, maintenance, test-
ing, manufacturing, and deriva-
tion for follow-on projects
account for the other half.
Therefore the “free” nature

of Linux can reduce by only

at most 4% the overall cost

of embedded software.

The licensing costs are per-
haps more noticeable than
other costs, such as integration
and testing, because they are
cash expenditures, whereas the
other costs are largely labor
costs. The managers of embed-
ded-development projects need
to look at all of the elements of
cost in their projects before
deciding on free or commercial
software. They should estimate
how many engineers they will
need to dedicate to tasks such
as integration, testing, and

maintenance of the Linux distri-
bution. All of those engineers
are part of the infrastructure
cost of the project. They do not
contribute to the main task of
all embedded projects, which is
to develop applications that can
differentiate themselves in a
crowded and highly competi-
tive market.

AUTHOR'S BIOGRAPHY

Hank Cohen is a business-
development manager at Wind
River Systems.

www.edn.com



that Linux and more than half of the
available projects use. The GPL allows
you to download a free copy of the soft-
ware, adapt it to your product, and sell as
many copies as you want without paying
royalties. If you modify and distribute
GPL software, your modifications auto-
matically fall under the GPL, and you
must give the source code to anyone who
asks for it. In the case of operating sys-
tems, such as Linux, your application
programs and device drivers may remain
private as long as they are separate and
distinct from the Linux kernel and con-
tain no GPL code. Sony, IBM, and Ora-
cle are just a few of the large companies
that accept the terms of the GPL and ship
proprietary software compatible with an
open-source operating system.

Many commercial-device developers
choose open software carrying the BSD
(Berkeley Software Distribution) license,

Ampro’s EnCore PP1 embed-
ded-processor module fea-
tures a certified Linux distribution along with
device drivers and development tools.

Figure 1

FOR MORE INFORMATION...

which requires only that users retain the
copyright and a standard liability dis-
claimer. Because of this minimal license,
you can freely modify BSD software for
use in proprietary or commercial prod-
ucts and keep the modifications secret.
Several older BSD licenses include a
clause that requires advertising materials
to include a copyright acknowledgment;
however, the Office of Technology Li-
censing at University of California—
Berkeley deleted that requirement in
1999. A disadvantage of the BSD-type li-
cense is that several fragmented versions
of the same base code may exist; for ex-
ample, programmers derived a number
of operating systems, including FreeBSD,
NetBSD, OpenBSD, and portions of Ap-
ple’s Mac OS X, from the original
Berkeley Unix clone.

A third major open-source license is
the Mozilla Public License, which allows
developers to protect code and share it
with others. Your divide your software
and any modifications that you make
into the protected portion and the open
portion. You must distribute source code
for the open portion and you can keep
the protected portion confidential and
distribute it only in binary form. The
only restriction is that users can access
the protected portion only through an
API. The Mozilla Public License is a com-
promise between the fully open GPL and
the more restricted BSD license.

In addition to licensing, developers of
embedded systems raise concerns over

Figure 2
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the support available for open-source
software products. You can easily down-
load the source code and provide your
own support and maintenance for small
programs. However, with large code
bases, such as those for operating sys-
tems, many developers prefer to have ac-
cess to a knowledgeable support team.
One advantage of an open operating sys-
tem over the proprietary alternative is
that the open system lets you competi-
tively purchase support and even change
vendors and retain the same software.
For example, MontaVista Software offers
the Professional and Carrier Grade Lin-
ux versions targeting the embedded-sys-
tem-developer market. The Linux-based

The Linux advanced-radio terminal is an open-
source embedded-computer project with com-
plete design specifications available for down-
load.

For more information on products such as those discussed in this article, go to www.edn.com/info and enter the reader service number. When you contact any of the fol-
lowing manufacturers directly, please let them know you read about their products in ED/.

Ampro Computers Embedded Linux

WWW.ampro.com Consortium

Enter No. 301 www.embedded-
linux.org
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www.freebsd.org
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www.eclipse.org
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IBM
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www.motorola.com
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www.kdevelop.org
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Terminal Project
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NetBSD Project
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OpenBSD Project
www.openbsd.org
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Oracle
www.oracle.com
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MontaVista Software
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Enter No. 322
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Sourceforge.net
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Wind River Systems
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For more information on the products available from all of the vendors listed in this box, enter no. 325 at www.edn.com/info.
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Professional Edition, an em-
bedded-source, binary-distri-
bution, cross-development
platform, combines with a set
of tool kits for x86/IA-32, Pow-
erPC, StrongARM, MIPS, SH,
ARM, XScale, and Xtensa mi-
croprocessor  architectures.
The Carrier Grade Edition, a
high-availability version, tar-
gets telecommunications and
carrier-grade  applications.
MontaVista sells its Linux
products by subscription that
provides the current software
release; unlimited support by
phone or e-mail; and access to
a customer-only Web site that
provides the latest updates,
patches, tips, and a Linux-com-
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I developing open-source
2 hardware. For example, the
small, embedded LART
(Linux-advanced-radio-
terminal) computer can run
Linux, includes a 220-MHz
Digital SA-1100 StrongARM
CPU, and requires less than
4 1W of power (Figure 2).In a

standard configuration, it
holds 32 Mbytes of DRAM
and 4 Mbytes of flash ROM,
_-é which is sufficient for a Lin-

The open-source Eclipse project offers a full-featured, commercial-qual-

ity platform for integrating development tools.

ux kernel and a sizable RAM-
disk image. The LART accepts
an input voltage of 3.5 to 16V.
The hardware for LART is not
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==ms| free,but the complete design,
schematics, assembly draw-
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munity forum. In addition,
most subscription packages
also provide training. Lynux-
Works operates with a slightly
different business model and
offers both open-source and
proprietary operating systems
to embedded-system develop-
ers. BlueCat Linux, an open-
source, embedded distribution
supporting XScale, MIPS, Pow-
erPC, ARM, and SH3 micro-
processors, is compatible with
the company’s proprietary

YNEREE R i : -

ings, documentation, and
software are available
for free download from
the LART Web site. The de-
velopers have licensed the
hardware design in a manner

Figure 4

similar to that of the GPL for
software, and you can dupli-
cate it without royalties or a
licensing fee.

OPEN TOOLBOX

Budget-conscious design-
] ers can also find plenty of
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LynxOS for real-time require- k=
ments. A BlueCat Linux bun-
dle with six months of support
sells for $2699.

FIGHT FRAGMENTATION

MontaVista and LynuxWorks, along
with IBM, Red Hat, Panasonic, and Sony,
have formed the Embedded Linux Con-
sortium to combat the fragmentation
among source-code distributions that
may cause applications to become in-
compatible. Their approach is to produce
a platform specification that defines an
embedded-Linux API. Application and
middleware developers that follow the
platform specification can certify that
their products will work with any com-
pliant Linux distribution. You can down-
load the platform specification from the
Embedded Linux Consortium Web site
(www.embedded-linux.org).

Another source of free software, espe-
cially operating systems and support
software, comes from embedded-single-
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The Linux-based Kdevelop open-source C and C+ + development envi-
ronment includes many of the features of commercial tools.

board-computer-hardware  vendors.
Many vendors offer preconfigured open-
source software to add value and help
sales of their hardware products. For ex-
ample, Ampro’s EnCore PP1 embedded-
processor module integrates Motorola’s
300-MHz MPC8245 host processor with
a 32-bit, 66-MHz PCI-bus interface;
10/100BaseT Ethernet, EIDE, serial, par-
allel, and USB ports; and a Motorola
JTAG connection (Figure 1). To speed
initial development, the EnCore PP1
comes in a QuickStart Kit that includes
a certified TimeSys Linux distribution
with device drivers, development tools,
Windows and Linux workstation devel-
opment environments, libraries, and a
boot loader. The kit sells for $995 and is
now available.

Along with the open-source software
movement, embedded-system designers

open-source software in the
development-tool area. The
GNU compiler collection and
the GNU debugger are staples
in most open-source distributions. Al-
though the GNU tools are adequate for
software development, they lack the bells
and whistles of a commercial environ-
ment. Responding to that need, the
Eclipse Project open-source software-de-
velopment project provides a robust, full-
featured, commercial-quality, industry
platform for developing highly integrat-
ed tools. The CDT (C/C++ Develop-
ment Tools) Eclipse subproject provides
a set of plug-ins for embedded-software
development (Figure 3). The CDT adds
a C/C++ perspective to the Eclipse
Workbench with a number of views, wiz-
ards, a powerful editor, and a debugger.
The CDT provides an extensible archi-
tecture for integration of tools from in-
dependent software vendors. The Linux-
based Kdevelop, another open-source C
and C++ development environment,

www.edn.com
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The Concurrent Ver-
sions System is an
open-source, network-transparent, version-con-
trol system for distributed-software-develop-
ment teams.

Figure 5

includes many of the features of com-
mercial tools (Figure 4). You can get a
free download from the Kdevelop Web
site (www.kdevelop.org).

The CVS (Concurrent Versions Sys-
tem), another software-development
tool, is the dominant open-source, net-
work-transparent version-control sys-
tem (Figure 5). CVS is useful for both
individual developers and large, dis-
tributed teams and provides access to the
latest code from anywhere an Internet
connection exists. CVS uses an unre-
served check-out model for version con-
trol, which avoids conflicts common
with the popular exclusive check-out
model. CVS-client tools are available on
both Windows and Linux platforms. You
can download CVS and its documenta-
tion from www.cvshome.org.

The open-source movement has
caused even the largest proprietary soft-
ware vendors to take notice and review
their business models. Some vendors are
offering access to source code, others are
eliminating royalties, and others are re-
leasing portions of their software to the
open-source community. At least for the

near future, all of
\ouanrexnTedical | these  approaches
E]dggg‘/;/]as"g%‘/%’f]at will coexist as em-

858-486-3646, email ~ bedded-system de-

wwebb@edn.com. velopers scramble to
meet explosive con-
sumer demands for
low-cost, smart de-
vices to provide in-
stant access to infor-
mation from any
location.OO
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