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Linux

Linux and FOSS:End-to-End
(and Top-to-Bottom, Too)

Since its beginning Linux has permeated computingstgns from
enterprse to embedded. While not the only widelgad OS, it has
potential to achiee end-to-end acceptance with a uni- ed code base and

dewelopment paadigm.

by Bill Weinberg
LiPS Forum & Linux Pundit

eginning in the 199Gs, Linux and aher Free and Open
Source Software (FOSS began an inexorable march from
obbyist-ware into the enterprise and cortinued ou to a
range of embedded and ubquitous computing applications. The
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ers, and intranet servers). Upon poving itself strikingly reliable,
Linuxthen moved into increasingly crucial enterprise applicaion
server roles. On the enterprise desktop, Linux dsplaced legacy
UNIX for technicd workstation, daumentation and data entry
terminals.
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ealier in embedded applicaions, with GNU tods gcc and
gdb complementing and dsplacing poprietary compilers and
debugeers, followed bythe BSD TCP/IP stadk, cregingadefacto
standard for 1P networking implementations. Other FOSS com-
porents (li ke BerkeleyDB and Apache httpd) also foundtheir way
into largerscale embedded applications throughthe mid 199G
Starting in 1999,Linux EHIDQ AQEJILWZD QR DUQHR
edge and access applicaions. Adogtion came from a mix of or-
ganic use by developers at TEMs, NEPsand aher OEM s famil -
iar with UNIX in management and control plane applicaions,
and from commercial tod kits and services from companieslike
RedHat / Cygnus, MontaVistaand Metrowerks, which isnow part
of FreeScde.

Today Linux and FOSS experience broad and deep deploy-
ment aaossthe entire spedrum of informationtechndogy (Figure
1. In the data center, Linux enjoys doube-digit market share and
rather more modest global desktop degployment in the single digits.

Linux and FOSSadually garner an even greder number of em-
beddedappli caions and congtitute the industry’s leading datform:
Venture Development Corporation reports upto athird of 32- and
64-bit designs were based onthe open source OSin 2006.

Progression from Core to Edge, Deployment
End-to-End

Theincremental progressLinuxmadeinthecourse of adecale
represents a mix of commercial and community investments. On
the technicd sde, key enablers included CPU and bard suppat,
architedural advancesin scding, memory accesand storage and
devicedrivers. Theseinvestments came from aaossthe embedded
device ecmsystem—semicondictor manufadurers, baard vendas,
systems supdiers, 1SVs and community resources. Busness and
tedh-savvy semiconductor supgiers like Intel, AMD, FreeScae,
Intel and dhers na only saw the open source OS as an means to
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cesors. Board vendass like Advantedh, DTI, Kontron Motorola
and Radi Sys foundthey could dffer richer board suppat, faster by
leveraging community-developed kernels and cevice drivers. And
systems houwses like Fujitsu, HP, IBM and NEC saw an oppa-
tunity to span and consolidate diverse architedures and product
lines while improving margins and expanding services offerings.
ISVs saw an oppatunity to consolidate and migrate legacy UNIX-
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Assuch, Linux quickly acauedbroad and deep hardware and
software suppat andtoday runs onthreedazen procesor variants,
thousands of SBCs and motherboards, acoss nealy every enter-
prise verticd and embedded applicaiontype (Figure 2).
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End-to-End Candidates

Certainly other applicaions platforms exhibit comparable
UHDIRDQ@B STHIH OV -DFRVI7 521 DRG7521 XQ ROMP -
larly broad range of CPUs. Suris Java extends from enter-prise to
desktop to embedded, and Microsoft Windows family OSs span a
gamut that reates from the server room to the desktop to in-car
and in-hand applicdions. What makes the GNU/Linux gatform
dif ferent?

The main dfferenceis that the GNU/Linux OS—kernd, li-
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compiled to run onan ARM or an IBM §390,in an SoC or on
a server farm, in an MM U-lessmicrocortroller or a 1000+ CPU
supercomputer, the same code implements the same functions, ev-
erywhere. The Linux kernd source tree carefully segregates and
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tutes lessthan 5% of thetotal.

Cortrast other candidates for end-to-end ubquity. iTRON,
«l7521 DRGVMINEAQHMBINAMEORI 521 DHQRZ 6\
they are de facto standard AP setsimplemented by daens of dif-
ferent companieswith dverse agendasand dvergent interpretations
of theingtruction sets, APIs and protocols. Sun, for pragmatic, ap-
SHMRQAUHRGUHERQY \HIP HQAMG-DDIQR DUIQHR SIRAGY
(J2EE, 2SE, 2ME, mid-p, CLDC, etc), resultingin fragmentation
of classlibraries and separate code bases for the mgor virtual ma
chines (to say nathing abou coffeecup clones). Windows operating
systems dorit pretend to dfer continuity with server, desktop and
embedded OSs suppating dfferent code basesand API sets.

Open Source vs. Closed Corporate Standards

Standardization is a very good thing. However, standard-
ization and common, community-based implementation, trump
standards compliance alone. Andrew Tanenbaum, cregor of
Minix (on which Linux is loosely based) expressed a key chal-
lenge with standardizaion when he said “ The nice thing about
standards is that there are so many to chocse from.” Individual
companies prodicing pant products can usually manage to en-
sure standards compliance for a handful of standards for their
prodicts. Most corporate entities, small or large, are in a poa
pasition to comply with, let alone implement, the alphabet soup
of standards and protocols, or to buld and maintain the tens of
milli ons d lines d code that implement those gandards.

Companies boasting the wherewithal to creae andimplement
standards, and presumably compliant products, also have the un-
fortunate tendency to improve\WHWER GLBAKH K HS\R GAQHDRG
later implement. They optimizeand add vaelue and adherwise ladle
on their own seaet sauces. Intentionally or na;, these enhance-
ments impad interoperability and drive venda lock-in, in predse
oppastion to the original goals of open standards regimes.

Open Source looks to standards as a source of requirements
to gude implementation and to foster interoperahlity with ather
OSsandto suppat legacy code; GNU/Linuximplements (among
many ahers) POSIX, ISO/ANSI C/C++, X11, TCP/IP family
protocols, and wireless and wire-line networking. The LAMP
stadk and Linux desktop appli caions offer the leading and most
compliant implementations of derived protocols like HTTP and
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Progression of Linux and FOSS from enterprise/ utility computing outward to

infrastructure, mobile and other embedded applications.

document formats like HTML, XML, ODF, etc. and myriad
other standards and API sets. When code and petches to Linux
or other projects omit APIs, re-interpret RFCs or otherwise drift
from compliance a mix of community and corporate interests
coalesce © “make things right.”

A good example lies in POSI X threads. In the 2.4 lemd
timerame Linux (and the GNU libraries) suppated a sui gene-
ris threading scheme, and most Linux programs were process
based. As embedded applications for Linux geew in importance,
having a pthreads-compliant scheme emerged as a key require-
PHQVHI  L1Q&DUIHY WDGEH/ 1QX[ , @ \MDOFRPP XQWAIXUH
saw no red for pthreals and loblied against implementation
and integration. In spite of this resistance I1BM offered up Next
Generation POSI X Threads (NGPT), a hybrid userspace and
kemel implementation. NGPT met with mixed reviews but actu-
ally spurred a community effort toward true pthreads APIs and
semantics. The result was the development of the highly compli-
ant New POSIX Threads Library (NPTL), which today is the
mainline 26 Linux threading sdheme

Benefits of a Unified End-to-End Platform

Being able to scae and repurpose a single code base acoss
a continuum of system types and applications yields a range of
EHHAW \RP HREYRX/ RKHYBVVWR ,QWP VR IQMRFIE O
ity, the identica implementation d APIsand protocols provides
the greaest asurances of interoperability of applications (vs.

those based on pullished standards alone). Complemented by
tradi-tional compliance and interoperability testing, developers
and wsers have accessto the “ best of bath worlds'—a standards-
based and compliant platform that is also open source, for ap-
plicaions on servers, onthe desktop and in embedded applica
tions.
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nizations run businesses that span haizontally, from enterprise
to embedded applications (like telecom carriers and operators,
medica services supgiers and governments). Others run \erti-
cdly integrated businesses (li ke consumer eledronics manufac
turers and retworking equipment providers). Both types expend
huge resources in attempting to level internal techndogy frag-
mentation and the training, maintenance and suppat chall enges
that fragmentation credes. For decales, these companies have
been seeking a strategic end-to-end alternative to a patchwork
of legagy platforms.

A more consi stent management model isalso aboonto orga-
nizations. These companies, the em-systems aroundthem, and
the end-users they serve suffer from poa suppat and quality
of service due to disparities in hov systems, onand df shared
networks, are managed. A single platform with identica system
management paradigms and a much small er range of suppat is-
sues grealy enhanced arganizaions ability to provide quality of
serviceat bath system and human interadion levels.
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Challenges to Linux and FOSS for End-to-End

Linux and FOSS are nat a panacea They constitute alarge,
dynamic and, somewould say messy, code base and techndogy
cloud.A few key areas where Linuxand FOSS present chall enges
to bulding and maintaining end-to-end applications include the
many commercial distributions availade. Linux and FOSS are
HP EDFBIRMHIHIGR R FIKRFHDQGH IH OLWH RIIHU7RR
much chaiceisnat always agoodthing, espedally when it comes
to desktop dstributions (Fedora, OpenSUSE, Uburtu, Xandros
et al.), embedded tod kits (MontaVista Linux, Wind River Linux,
Open Embedded, etc.), and OEM-derived patforms. Even if the
base platform—kemd, libraries, APIs and core functionality—is
preserved, dfferences among dstributions, kits and devices can
substantially hamper interoperablity, espedally those deding
ZLWFRQ@QIXDRQ BRWRQQJIDQGKSSBNS VWKH YHU GIRW
the multiplicity of Linux editions complicaes the life of 1SVs,
service providers and I T departments trying to deploy applica
tions and services aross them.

Linux gtill lags in temms of application frameworks. The
leading proprietary platforms (Windows and Java) offer develop-
ers common development environments and applicaion frame-
works (even if the platforms do nd interoperate as advertised).
The Linux desktop baasts two adive and fruitful frameworks
(GTK and Qt); emerging equivalents also exist for mohile. Open
source Eclipse has bemme the standard for IDEs, bu there ex-
ists no single widely accepted programming paradigm that can
be applied end-to-end. Certainly there exist multiple excdlent
JVMs, ORBs, rl PCs, databases, web clients/servers, bu nosingle
end-to-end cgpable framework (althoughmono, the open source
answer o NET, is evolving ricdy).

The culture has tended to pay less attentionto formal testing
regimes. “Many eyes make all bugs shallow,” touts open source
philosopher Eric Raymond. Indeed, the breadth and depth of the
Linux wser base exercises, prods and poles the FOSS code base
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in ways and means unavail able to most boutique embedded plat-
forms. However, Linux and FOSS have much to learn from the
formal testing regimes of proprietary OS supgiers. Today, most
formal testing comes from commetrcial FOSSbased OSVs (Red
Hat, MontaVista and ahers), bu centralized community-based
testing is catching up, as with the test projects hosted by the
Linux Founction, the rome d the Linux Standards Base.

The intent here has rot been to promote Linux and FOSS &
acanddate platform for end-to-end infrastructure. Rather, it has
been to explain why Linux and FOSS are already attaining the
status of a ubiquitous platform—one that spans the continuum
from server to desktop to Hades to embedded. Certainly viable
altematives to Linux and FOSS exist at eat nods; readers nead
only look to the fragmented embedded OS market for examples
of thislongtail. End-to-end, a few contenders today pretend to
EUWGHWRHQRB/IQDXQAHGIDKIRQ ENDDKRWURP DP 1|
of proprietary burdens and fragmented code bases.

This momentum enjoyed by Linux bdlies the well-known
shortcomings of FOSS Indeed, in many cases, Linux and FOSS
are rot deployed because of their atributes, but in gite of them.
However, ony Linux and FOSS have acaued the unity, critica
mass and evolutionary velocity to quelify for this strategic plat-
form role. 4

Linux Phone Standards (LiPS) Forum
[wwwlipsforum.org].

Linux Pundit
[wwwlinuxpundt.com].

July 2007 I8 39




