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THE HOST'S DILEMMA: STRATEGIC FORFEITURE
IN PLATFORM MARKETS FOR INFORMATIONAL GOODS

Jonathan M. Barnett”

Voluntary forfeiture of intellectual assets — often, exceptionally valuable assets — is
surprisingly widespread in information technology markets. A simple economic rationale
can account for these practices. By giving away access to corve technologies, a platform
holder commits against expropriating (and thereby induces) user investments that
support platform value. To gemevate revenues that cover development and maintenance
costs, the platform holder must regulate access to other goods and services within the
total consumption bundle. The trade-off between forfeiting access (to induce adoption)
and regulating access (to recover costs) anticipates the substantial convergence of open
and closed innovation models. Organizational patterns in certain software and operating
system markets arve consistent with this hypothesis: open and closed structures
substantially converge across a broad range of historical and contemporary settings and
commercial and noncommercial environments. In particulay, this Article shows that
(i) contrary to standard characterizations in the legal literature, leading “open source”
software projects arve now primarily funded and substantially governed and staffed by
corporate sponsors, and (ii) proprietary firms have formed nonprofit consortia and other
cooperative arrangements and adopted “open source” licensing strategies in ovder to
develop operating systems for the smartphone market.

In June 2008, Nokia paid $410 million to buy out all other ownership
interests in the Symbian operating system,! which was then the most
widely used operating system in smartphone devices? worldwide.?
That would be a fairly mundane corporate acquisition if it were not
for the fact that Nokia immediately transferred responsibilities for
managing, developing, and distributing the operating system to the

* Associate Professor, University of Southern California Gould School of Law. I am grateful
for comments from Peter Siegelman and other participants at a faculty workshop at the Universi-
ty of Connecticut School of Law, the Colloquium on Innovation Policy at NYU School of Law,
the 2010 Annual Intellectual Property Scholars Conference at the University of California, Berke-
ley, School of Law, and the Law and Innovation Symposium at the University of Southern Cali-
fornia Gould School of Law. Jinmin Chen, Daniel Fullerton, Blake Horn, Kawon Lee, and Ingrid
Newquist provided excellent research assistance. This project was supported by a grant from the
Southern California Innovation Project, which is funded by the Ewing Marion Kauffman Foun-
dation. All errors are mine.

1 J. Nicholas Hoover & Paul McDougall, Nokia’s Symbian Deal Rewrites the Smartphone
Rules, INFORMATIONWEEK, June 30, 2008, at 18, 18.

2 While there is no standard industry definition, a “smartphone” can be understood to refer to
a mobile phone with advanced capabilities (such as email and internet access) that resemble some
of the functions of a personal computer.

3 Until recently, Nokia’s Symbian system was the clear market leader in the smartphone op-
erating system market, on a worldwide basis. As discussed subsequently, stiff competition, in par-
ticular from Google’s Android system, has challenged its lead. For detailed information on mar-
ket share, see infra Figure 3, p. 1918.
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Symbian Foundation, a nonprofit entity.* Even that transfer might be
construed as a large but similarly unexceptional act of corporate lar-
gesse if it were not for the fact that Nokia, the world’s leading handset
maker,’ invited telecommunications providers, handset makers, and
other firms that compete with it to serve on the Foundation’s board
and other governing entities.® To cap off what was an exceptional se-
quence of events, the Foundation then spent two years clearing all
third-party rights in the Symbian source code,” which it made publicly
available in February 2010 without charge under an “open source” li-
cense.® Even more surprisingly, however, this exceptional giveaway
ultimately turns out to be fairly unexceptional. From the inception of
the information and communication technology (ICT) industry, some
of the most dominant firms have regularly ceded — that is, given away
or distributed at nominal or below-market fees — some of their most
valuable innovations to all interested parties, including customers and
rivals. Examples include some of the industry’s most important inno-
vations: to name just a few, AT&T’s forfeiture of transistor technology
in the 1950s,° Xerox’s forfeiture of Ethernet local area network tech-
nology in 1979,'° and Intel’s release of the Universal Serial Bus (USB)
standard in 1995.'" Dominant firms have developed some of the most
fundamental building blocks of the digital economy at great cost and
then have given away or distributed those innovations at a nominal or
below-market fee, often accompanied by complementary support ser-
vices and tools.

The substantial incidence and magnitude of giveaway practices in
certain ICT markets challenge conventional assumptions that firms
will always elect to exert maximal legal and technological control over
intellectual assets, subject solely to enforcement costs.'? Even — or

4 Hoover & McDougall, supra note 1, at 18.

5 Press Release, Gartner, Inc., Gartner Says Worldwide Mobile Phone Sales Grew 17 Per Cent
in First Quarter 2010 (May 19, 2010), http://www.gartner.com/it/page.jsp?id=1372013.

6 Hoover & McDougall, supra note 1, at 18.

7 Source code is the human-readable form of the binary code for a software program. Re-
verse engineering binary code requires great cost, time, and labor.

8 See Darryl K. Taft, Symbian Open-Sources Smartphone Platform, EWEEK.cOM
(Feb. 4, 2010), http://www.eweek.com/c/a/Linux-and-Open-Source/Symbian-Open-Sources-
Smartphone-Platform-124651.

9 See Richard C. Levin, The Semiconductor Industry, in GOVERNMENT AND TECHNICAL
PROGRESS: A CROSS-INDUSTRY ANALYSIS 9, 75 (Richard R. Nelson ed., 1982).

10 See MICHAEL HILTZIK, DEALERS OF LIGHTNING: XEROX PARC AND THE DAWN OF
THE COMPUTER AGE 363-64 (1999); John Markoff, Long Before Microsoft’s Internet War: A
Peaceful Ethernet, N.Y. TIMES, May 18, 1998, at D1.

11 See Universal Serial Bus (USB), INTEL, http://www.intel.com/technology/usb/index.htm
(last visited May 5, 2011).

12 For representative arguments in support of the conventional view, see LAWRENCE LESSIG,
FREE CULTURE: HOW BIG MEDIA USES TECHNOLOGY AND THE LAW TO LOCK DOWN
CULTURE AND CONTROL CREATIVITY (2004), which argues that large, concentrated media
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rather, especially — the most dominant firms’ self-interest will often
compel downward adjustments from the level of control that is availa-
ble as a matter of law or technology. Even more remarkably, this self-
interested rationale most strongly recommends forfeiture in the case of
a firm’s most valuable intellectual assets. This Article identifies an
incentive design problem that accounts for the voluntary forfeiture of
infrastructural categories of technological assets by (ostensibly) com-
mercial and noncommercial entities in the ICT industry. Forfeiture of
“crown jewel” technologies is a rational strategy whenever inducing
widespread adoption independently or contractually with third parties
is more costly — which, this Article argues, is a typical (but not uni-
versal) case given certain industry-specific characteristics. Competi-
tive pressures force “tough guys” to “play nice”: the market rewards
firms and other entities that act generously within limits toward rivals
and customers and often severely punishes firms and entities that do
otherwise.

The key to understanding forfeiture as a rational and typical prac-
tice lies in the observation that forfeiture appears to be especially
common in markets where intermediaries provide a platform technol-
ogy that matches suppliers of informational inputs with consumers of a
resulting bundle of production outputs. Platform markets exhibit net-
work effects — that is, the platform’s value is an increasing function
of the number of users!® and uses. Network effects imply switching
costs, which, as compounded by learning costs, imply that users are
subject to lock-in effects once the platform has achieved scale. At that
point, the intermediary (which is called the “host”) appears to enjoy
pricing power over users. But that common observation can be true
only from a static viewpoint. So long as users anticipate lock-in ef-
fects, the host cannot induce the user investments that are required for
the platform to achieve scale. Hence the host’s dilemma: it must
commit to users that the platform will achieve scale and that it will
not expropriate user investments once it does achieve scale.

interests seek to maximize control of creative content through expansion of copyright. See also
Jessica Litman, The Exclusive Right to Read, 13 CARDOZO ARTS & ENT. L.J. 29, 48 (1994) (“Of
course, copyright owners would prefer to maximize their own control over the works they pro-
duce.”); Jonathan Zittrain, Normative Principles for Evaluating Free and Proprietary Software, 71
U. CHIL L. REV. 265, 285 (2004) (arguing that business interests lobby for maximum legal protec-
tions for intellectual assets and resist “nonproprietary production models”).

13 In this Article, “users” refers both to end users, who may be individuals or corporate enti-
ties, and intermediate users, who are usually corporate entities. In information technology mar-
kets, developer firms (often known as “independent software vendors” or “ISVs”) are an especially
important class of intermediate users and therefore play a prominent role in the subsequent dis-
cussion. Where appropriate, this Article sometimes refers specifically to end users or intermediate
users.
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This double commitment problem yields forfeiture as both a typical
and a rational strategy. First, as has been widely observed, if the host
initially gives away access, it assumes some or all of the risk that the
platform will not achieve scale and thereby sends a signal of confi-
dence that encourages user adoption. Second, as this Article examines
in extensive detail, if the host adopts some mix of contractual, organi-
zational, and ideological instruments that constrain its ability subse-
quently to regulate access to the platform, it credibly commits against
future holdup.'* Most dramatically, the host can build the platform
and then give it away. This is equivalent to a fail-safe promise against
coercive renegotiation of the terms governing platform access. Re-
markably, this extreme action is typically adopted in ICT markets.

But the forfeiture solution to the host’s dilemma is fatally incom-
plete. The reason is obvious: it generates no revenues with which the
host can cover its platform-development and maintenance costs.
Hence, a perfect solution to underinvestment by users implies under-
investment by the host. Any forfeiture solution must therefore be
coupled with a financing solution. Financing requires regulating
access to some portion of the consumption bundle constituted by the
platform and complementary goods and services. This inherent trade-
off between forfeiting and controlling access yields a testable organiza-
tional hypothesis. Namely, host entities will tend to implement hybrid
structures that reflect a mix of open-access elements (to promote plat-
form adoption) and closed-access elements (to recover costs).!> The

14 Other scholars have discussed, at various levels of specificity, commitment devices by which
firms may provide assurance against user lock-in. For theoretical contributions in the economic
literature, see infra note 83. For applications in the economic and management literature to plat-
form technology markets, see sources cited supra note 12. For applications in the economic and
management literature to the open development of certain software applications (with emphasis
on sophisticated end users), see Michael Schwarz & Yuri Takhteyev, Half a Century of Public
Software Institutions: Open Source as a Solution to Hold-Up Problem, 12 J. PUB. ECON.
THEORY 609, 616—17 (2010). On technology firms’ use of scientific publications as a commitment
device, see Oren Bar-Gill & Gideon Parchomovsky, Essay, The Value of Giving Away Secrets, 89
VA. L. REV. 1857, 1858-61 (2003), which is discussed further subsequently. See infra note 4o.
This Article extends these prior contributions in three principal respects: it shows (i) how com-
mitment concerns account for the widespread use of forfeiture practices in a variety of infrastruc-
tural technology settings, irrespective of commercial or noncommercial motivations; (ii) how firms
strategically use nonprofit entities, permissive licenses, and “community” norms in order to ad-
dress intermediate and end users’ lock-in concerns in horizontal technology markets (in particular,
in order to promote the adoption of operating systems in the enterprise-computing and smart-
phone markets), subject to the constraints imposed by the cost recovery imperative; and (iii) how
the strategic purposes of forfeiture practices cast doubt on the standard normative preference for
open over closed innovation models.

15 In a related line of inquiry, management and some economic scholars have recently applied
an “openness versus appropriability” trade-off to assess the extent to which platform holders can
regulate access in order to provide assurance against user lock-in while still maintaining a positive
revenue stream. See generally Joel West, How Open Is Open Enough? Melding Proprietary and
Open Source Platform Strategies, 32 RES. POL’Y 1259 (2003). For further discussion, see Thomas
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greater the control the host forfeits, the stronger its ability to induce
user adoption, but the weaker its ability to capture revenues that at
least cover development costs. Conversely, the lesser the control the
host forfeits, the weaker its ability to induce user adoption, but the
stronger its ability to capture revenues that at least cover development
costs. These parameters substantially constrain the feasible range of
organizational choices. The market is unlikely to tolerate entirely
closed or entirely open structures because the former limit user adop-
tion (which would diminish the platform’s value) and the latter limit
revenue accrual (which would make it difficult for the platform to
cover costs). Put differently, the market rewards generosity so long as
it is not excessive — which is to say, so long as it is self-interested.

I apply this theoretical framework to a broad range of historical
and contemporary ICT markets, yielding striking results that depart
from conventional understandings of the extent to which firms in these
markets seek to exercise control over technological assets. This histor-
ically informed inquiry reveals a remarkable commonality of organiza-
tional structures across a broad range of ICT technologies in both
commercial and noncommercial environments — a result that suggests
that market participants are responding to a common economic prob-
lem that cuts across otherwise starkly different settings. This Article
starts by reviewing the organizational forms used historically to devel-
op and distribute operating systems for personal- and enterprise-
computing devices. Consistent with theoretical expectations, these
markets tend to rely on a mix of open and closed elements in order to
induce platform adoption within the constraints of business prudence.
The Article then studies in greater detail the organizational forms used
in two contemporary operating system markets. First, this Article
shows that hybrid structures characterize leading “open source” soft-
ware (OSS) projects,'® which are governed by nonprofit foundations
that are entirely funded and substantially managed and staffed by
commercial sponsors. These findings depart sharply from the conven-
tional characterization in the legal literature of open source projects as
spontaneously organized communities of intrinsically motivated volun-

R. Eisenmann et al., Opening Platforms: How, When and Why?, in PLATFORMS, MARKETS AND
INNOVATION 131, 131-62 (Annabelle Gawer ed., 2009). For empirical applications, see Kevin
Boudreau, Open Platform Strategies and Innovation: Granting Access vs. Devolving Con-
trol, 56 MGMT. SCI. 1849, 1854—56 (2010), with application to handheld computing; and Anna-
belle Gawer & Rebecca Henderson, Platform Owner Entry and Innovation in Complementary
Markets: Evidence from Intel, 16 J. ECON. & MGMT. STRATEGY 1, 9—25 (2007), with application
to Intel’s Architecture Lab.

16 Open source software projects release the software’s human-readable source code at no fee
and with few restrictions on use and distribution. By contrast, proprietary software is released in
binary object-code form for a fee and under strict contractual restrictions on use and distribution.
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teer programmers.!” Second, this Article examines the rapidly evolv-
ing smartphone market, where leading handset makers, telecommuni-
cations providers, internet search companies, and semiconductor chip
makers have sought to elicit developer adoption of operating systems
by forming nonprofits and other consortia to develop those systems
and by offering those systems at no cost under licenses that disclose
the underlying source code. These findings depart sharply from the
conventional view in the legal literature that for-profit firms consis-
tently seek to use all available legal and other means to limit access by
rivals and consumers to technological assets.'® In both the smartphone
and open source software markets, controlled generosity follows from
economic self-interest: implicit or explicit consortia of commercial
firms open up access in order to commit against host opportunism and
to induce adoption of a platform technology that promotes those firms’
sale of complementary goods and services.

This commonality of organizational structure across ICT markets
casts doubt on any meaningful distinction between open and closed
innovation structures and, even more clearly, rebuts any inherent asso-
ciation of open structures with noncommercial entities and closed
structures with commercial entities. Organizational convergence de-
rives from the fundamental trade-off that confronts any platform hold-
er. For-profit firms adopt open structures in order to commit against
host opportunism, while (ostensibly) nonprofit communities adopt
closed structures in order to enable the recovery of development and
maintenance costs and avoid platform demise. That descriptive ambi-
guity in turn casts doubt on the standard normative presumption —
widely endorsed (or simply assumed) in the legal and broader policy
literature on OSS and related innovation environments — that the
public interest inherently favors the adoption of open over closed
structures.'® If open and closed structures (and all intermediate var-
iants) simply reflect strategic approaches to the underlying trade-off
between controlling host opportunism and enabling cost recovery, then

17 See, e.g., YOCHAI BENKLER, THE WEALTH OF NETWORKS: HOW SOCIAL PRODUC-
TION TRANSFORMS MARKETS AND FREEDOM 60, 63-64 (2006); Yochai Benkler, Coase’s Pen-
guin, ov, Linux and The Nature of the Firm, 112 YALE L.J. 369, 381-84 (2002); Yochai Benkler,
Essay, Sharing Nicely: On Shareable Goods and the Emergence of Sharing as a Modality of Eco-
nomic Production, 114 YALE L.J. 273, 334—36 (2004) [hereinafter Benkler, Sharing Nicely]; James
Boyle, The Second Enclosure Movement and the Construction of the Public Domain, LAW &
CONTEMP. PROBS., Winter-Spring 2003, at 33, 44—45. The string of foregoing sources in this
footnote is a selective, not a comprehensive, list of legal contributions that advance this character-
ization of open source software. These works build upon views expressed by the most well-
known work on the subject in popular commentary. See generally ERIC S. RAYMOND, THE CA-
THEDRAL AND THE BAZAAR: MUSINGS ON LINUX AND OPEN SOURCE BY AN ACCIDEN-
TAL REVOLUTIONARY (1999).

18 See sources cited supra note 12.

19 See infra pp. 1926—27.
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the choice of organizational form would appear to be a matter of social
indifference that provides no basis for government intervention to
guide market outcomes. Access policies, as implemented through some
mix of closed and open organizational components, are simply part of
the consumption bundle competing providers offer in the strategic pur-
suit of market share. Moreover, there is no assurance that open struc-
tures even promote consumer welfare. That surprising possibility aris-
es whenever forfeiture exerts entry-deterrent effects that protect
dominant firms against potential competitors. A host that forfeits its
platform technology compels stand-alone platform providers to exit the
market, which may then enable the host to extract rents through com-
plementary markets in which it has a competitive advantage. Wheth-
er those reallocations of industry rents within the total consumption
bundle leave end users in a superior, inferior, or indifferent position is
ambiguous in general and may be difficult to answer in any particular
case.

The organization of this Article is as follows. Part I describes illu-
strative forfeiture practices in ICT markets. Part II describes the
host’s dilemma and possible solutions through contract, integration,
and forfeiture. Part IIT shows how ICT firms have addressed the
host’s dilemma through a mix of open and closed access policies that
govern operating systems for the personal-, enterprise-, and mobile-
computing markets. Part IV discusses how the strategic motivations
behind forfeiture practices complicate policy preferences for open over
closed innovation models.

I. VOLUNTARY FORFEITURE: A TYPICAL PRACTICE

It is often naturally assumed that firms seek to exercise maximal
control over technological assets and, even more so, over the most val-
uable technological assets. This assumption arguably motivates the
unusual amount of scrutiny dedicated by legal, economic, and man-
agement scholars to the apparent anomaly represented by OSS
projects?°: individual programmers contribute code without compensa-
tion, and project management then releases the accumulated source
code at no fee and with few restrictions on use. But even casual scru-
tiny shows that free distribution is neither a historical anomaly nor a
peculiarity of noncommercial environments. Some contemporary ex-
amples are familiar to users who stand at the end of the ICT supply

20 For an overview of the literature, see Stephen M. Maurer & Suzanne Scotchmer, Open
Source Software: The New Intellectual Property Paradigm (Nat’l Bureau of Econ. Research,
Working Paper No. 12148, 2006), available at http://www.nber.org/papers/wi2148.pdf. For a
readable (and nuanced) book-length overview of the OSS market, see STEVEN WEBER, THE
SUCCESS OF OPEN SOURCE (2004).
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chain: Google and Microsoft provide access to their search engines at
no cost, Facebook and Twitter provide access to social networking ap-
plications at no cost, Adobe releases basic versions of its Reader soft-
ware at no cost, Microsoft releases its browser application for down-
load at no cost, and so on. As Table 1 shows, these recent acts of
generosity by technology firms simply extend a pattern of behavior
in the ICT industry that was present at the industry’s inception.
Contrary to natural intuitions, some of the most dominant firms and
other entities in the ICT sector have regularly given away some of
their most valuable technologies to the general public, which inherent-
ly includes actual and potential rivals and customers. The following
discussion examines in further detail two of the most notable voluntary
forfeitures in ICT history.

A. Bell Labs: Open Licensing

The licensing practices of Bell Labs, the research laboratory
founded by AT&T in 1925 (and eventually owned by Lucent Technol-
ogies, an AT&T spin-off entity launched in 1996),2! probably constitute
the single greatest act of corporate generosity in the technology sector.
Bell Labs is credited with developing some of the twentieth century’s
leading inventions, including the transistor, the UNIX operating sys-
tem, and key technologies behind cellular mobile communications.??
Until its judicially ordered breakup in 1984, AT&T made its key inno-
vation — the transistor — and other technologies relating to commu-
nications services available at nominal royalties subject to a cross-
licensing obligation.2? Although these policies were mandated under a
1956 consent decree settling federal antitrust litigation, AT&T had in-
stituted roughly the same policies with respect to the transistor and
certain electrical equipment used in telephone services prior to the
consent decree.?* Despite its strong patent position, AT&T had

21 See Alcatel-Lucent History, ALCATEL-LUCENT, http://www.alcatel-lucent.com/wps/portal/
AboutUs/Overview (follow “Alcatel-Lucent History” hyperlink) (last visited May 5, 2011). Pres-
ently, the parent company of Bell Labs is Alcatel-Lucent, the entity created when Alcatel merged
with Lucent Technologies in 2006. Id.

22 See NATHAN J. MULLER, DESKTOP ENCYCLOPEDIA OF TELECOMMUNICATIONS 79—
80 (3d ed. 2002).

23 See Levin, supra note 9, at 75; see also Deepak Somaya & David J. Teece, Patents, Licens-
ing, and Entrepreneurship: Effectuating Innovation in Multi-Invention Contexts, in TECHNO-
LOGICAL KNOW-HOW, ORGANIZATIONAL CAPABILITIES, AND STRATEGIC MANAGEMENT
287, 298 (David J. Teece ed., 2008) (noting that, until its breakup in 1984, AT&T’s policy was “to
openly license its IP to everyone for minimal fees”). AT&T’s licensing policies with respect to the
UNIX operating system are discussed in further detail subsequently. See section IIL.A.1, pp.
1891—92.

24 Levin, supra note 9, at 75—76.
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TABLE 1: SELECTED FORFEITURE ACTIONS IN ICT MARKETS?S

Date Firm(s) Forfeiture Action

109408— Bell Labs Licensed transistor and related technologies at

1984 (AT&T) nominal royalty, subject to cross-licensing obliga-
tion. Formalized licensing practices in 1956 con-
sent decree.

1980 Xerox, Intel, | Licensed Ethernet local area network technology

Digital at nominal fee.
Equipment
(DEC)

1980s— Microsoft Disclosed Windows application programming in-

present terfaces to independent software
developers.

1995 Intel Released USB interface technology through USB
Implementers Forum (USB-IF), a nonprofit trade
organization.

1998 IBM, Intel, Founded the Bluetooth Special Interest Group

Ericsson, (SIG), a nonprofit trade association that publishes

Nokia, To- Bluetooth technical specifications and oversees

shiba licensing of Bluetooth marks and technologies (for
wireless communication devices).

25 On Bell Labs, see infra pp. 1870—72. On Xerox, see HILTZIK, supra note 10, at 363—64
(1999); and Markoff, supra note 10, at D1. On Microsoft, see MARCO IANSITI & ROY LEVIEN,
THE KEYSTONE ADVANTAGE: WHAT THE NEW DYNAMICS OF BUSINESS ECOSYSTEMS
MEAN FOR STRATEGY, INNOVATION, AND SUSTAINABILITY 56 fig.3-6 (2004); and infra
pp. 1872—74. On Intel’s release of the USB interface, see Universal Sevial Bus (USB), su-
pra note 11. On the release of Bluetooth technology, see About the Bluetooth SIG: Over-
view, BLUETOOTH.ORG, https://www.bluetooth.org/About/bluetooth_sig.htm (last visited May
5, 2011). On Netscape, see Janet Kornblum, Netscape Sets Source Code Free, CNET NEWS
(Mar. 31, 1998, 12:10 PM), http://news.cnet.com/2100-1001-209666.html. On IBM’s investment in
Linux and other related actions, see Joe Wilcox, IBM to Spend $1 Billion on Linux in 2001,
CNET NEWS (Dec. 12, 2000, 8:50 AM), http://news.cnet.com/2100-1001-249750.html.
On IBM’s donation to Eclipse, see David Gallardo, Getting Started with the Eclipse Platform,
IBM (Nov. 1, 2002), http://www.ibm.com/developerworks/library/os-ecov/index.html; Darryl K.
Taft, IBM Donates Development Assets to Eclipse, EWEEK.COM (Oct. 12, 2005%),
http://www.eweek.com/c/a/Application-Development/IBM-Donates-Development-Assets-
to-Eclipse; and, for further references, see infra note 156. On Sun’s release of the Solaris source
code, see Michael Singer, Sun Cracks Open Solaris, INTERNETNEWS.COM (Jan. 25, 2005),
http://www.internetnews.com/dev-news/article.php/3463621. On Sun’s release of the Java source
code, see Ryan Paul, Sun to Release Java Micro Edition Source Code, ARS TECHNICA,
http://arstechnica.com/old/content/2006/08/7514.ars (last visited May 5, 2011). On Sun’s open
practices more generally, see Raghu Garud & Arun Kumaraswamy, Changing Competitive Dy-
namics in Network Industries: An Explovation of Sun Microsystems’ Open Systems Strategy, 14
STRATEGIC MGMT. J. 351 (1993).
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Date Firm(s) Forfeiture Action
1999 Netscape Released source code for its browser technology.
2000 IBM Announced $1 billion commitment to (open

source) Linux operating system.

2005 IBM Released source code to software development
tool platform (acquired for $40 million); subse-
quently donated code to nonprofit Eclipse Foun-
dation.

200§ Sun Released portions of source code for Solaris op-
Microsystems | erating system and established community advi-
sory council for governance.

2006 Sun Released source code for Java programming lan-
Microsystems guage, subject to limited contractual restrictions.

adopted a policy of actively disseminating its technologies and even as-
sisting third parties in using them.?® A former AT&T executive stated
this policy explicitly:

Bell Labs’ first important policy was not to keep transistor information

secret. Not only was it not kept a secret, but we actively expounded the

art as well as the science of practicing the technology. Several seminars
were held in the early 1950’s where we effectively told all we knew about
transistor technology.?”

Remarkably, this statement tracks almost exactly an Intel execu-
tive’s statement concerning his firm’s open licensing of the USB stan-
dard?® several decades later: “We developed the [USB] code . ... And
we also made it available to anybody in the industry.”?® As this Article
shows, a common logic explains the broad persistence of this practice
in technology markets.

B. Microsoft: Application Programming Intevfaces

It is sometimes overlooked that Microsoft is one of the historical
leaders in using open models for developing software applications. As
is widely observed, Microsoft’s success rests in part on its release of
application programming interfaces*°® (APIs) for the Windows operat-

26 See JOHN E. TILTON, INTERNATIONAL DIFFUSION OF TECHNOLOGY: THE CASE OF
SEMICONDUCTORS 74 (1971).

27 Morgan Sparks, 25 Years of Transistors, 30 BELL LABORATORIES REC. 342, 343—44 (1972).

28 The USB standard is a peripheral interface that enables communication between a comput-
er and external devices such as printers, keyboards, and flash memory disks.

29 Gawer & Henderson, supra note 15, at 19 (alteration in original) (quoting Interview with
Jim Pappas, Dir. of Platform Initiatives, Desktop Prods. Grp., Intel Corp. (Aug. 4, 1998)).

30 An application programming interface is a language and message format used by an appli-
cation program to communicate with the operating system or other application programs.
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ing system to outside developers®! and its extensive efforts to construct
a product architecture and communications infrastructure that facili-
tate third-party development of complementary applications.?? For
access to Windows APIs and related technical information, Microsoft
has often assessed an implicit negative fee taking into account the
software development tool kits and support services it provides.3?
Moreover, Microsoft has incurred significant costs — both direct pro-
gramming costs and indirect costs in the form of product quality3* —
in order to make its APIs “backward compatible” across Windows ver-
sions,*S thus allowing existing applications to operate on newer ver-
sions of Windows. This is not to say that Microsoft does not restrict
use of other parts of its technology. It is simply to observe that Micro-
soft has given away access to technological assets over which it could
have feasibly and legally exerted control.?® The fact that its less suc-
cessful competitors (in retrospect, unwisely) chose not to do so — for
example, Apple, which pursued a largely closed development strategy

31 See IANSITI & LEVIEN, supra note 25, at 30, 88—89; Shane Greenstein, Open Platform De-
velopment and the Commercial Internet, in PLATFORMS, MARKET AND INNOVATION 219, 223
(Annabelle Gawer ed., 2009); Renata B. Hesse, Section 2 Remedies and U.S. v. Microsoft: What Is
to Be Learned?, 75 ANTITRUST L.J. 847, 865 (2009); William H. Page, Mandatory Contracting
Remedies in the American and Euvopean Microsoft Cases, 75 ANTITRUST L.J. 787, 800 (2009).
Microsoft’s initial disclosure of interface specifications appears to have been done at the demand
of IBM, its client, which sought to elicit adoption of the new operating system by third-party de-
velopers. See Pamela Samuelson, IBM’s Pragmatic Embrace of Open Source, COMM. ACM, Oct.
2000, at 21, 22. Of course, the continued disclosure of the API specifications for several decades
thereafter is a purely voluntary decision by Microsoft, which is not under any legal or contractual
obligation to disclose them.

32 See MICHAEL A. CUSUMANO & RICHARD W. SELBY, MICROSOFT SECRETS: HOW THE
WORLD’S MOST POWERFUL SOFTWARE COMPANY CREATES TECHNOLOGY, SHAPES
MARKETS, AND MANAGES PEOPLE 168-69, 236—38 (1995); JANSITI & LEVIEN, supra note 25,
at 30, 88; Greenstein, supra note 31, at 223. Tellingly, Intel — Microsoft’s partner in crime from
the perspective of some antitrust authorities — has pursued the same cooperative strategy with
respect to some of its most fundamental technologies. See Gawer & Henderson, supra note 15, at
19.
33 See DAVID S. EVANS ET AL., INVISIBLE ENGINES: HOW SOFTWARE PLATFORMS
DRIVE INNOVATION AND TRANSFORM INDUSTRIES 66 (2006).

34 Backward compatibility can reduce product quality to the extent that it limits freedom of
development in newer versions.

35 See IANSITI & LEVIEN, supra note 25, at 167; Greenstein, supra note 31, at 223.

36 More recently, Microsoft has undertaken further commitments to disclose its technology (in-
cluding portions of the Windows source code) to outside parties, including the Shared Source In-
itiative, see Shared Sourvce Initiative, MICROSOFT, http://www.microsoft.com/resources/
sharedsource/default.mspx (last visited May 5, 2011), the Open Specification Promise, see Micro-
soft Open Specification Promise, MICROSOFT, http://www.microsoft.com/interop/osp/default.
mspx (last updated Feb. 1, 2007), and the Interoperability Principles, see Interoperability Prin-
ciples, MICROSOFT (Feb. 21, 2008), http://www.microsoft.com/interop/principles/default.
mspx. This Article omits discussion of these more recent actions as it is difficult to ascertain the
extent to which Microsoft undertook these initiatives as a preemptive tactic to deter further go-
vernmental or private antitrust prosecution.
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in competing with Windows and struggled to elicit widespread adop-
tion of its Macintosh product line — illustrates this point nicely.

II. VOLUNTARY FORFEITURE: A RATIONAL PRACTICE

There is now a puzzle to be explained. Why do economically ra-
tional actors give away valuable — sometimes exceptionally valuable
— technological assets? Some scholars have referred principally to
noneconomic factors such as altruism, ideology, and intrinsic interest in
order to account for individual contributions of knowledge assets in
ostensibly noncommercial settings such as OSS.3” But those factors do
not plausibly apply to commercial entities obligated by legal and busi-
ness pressures to maximize owners’ profits. Existing nonaltruistic ex-
planations include the following: (i) firms are compelled to forfeit
knowledge assets that cannot be protected at a reasonable cost,
(ii) firms wish to preempt patenting by competitors,®® (iii) firms seek to
recruit researchers who wish to accumulate reputational capital in the
scientific community, and (iv) firms wish to build a large installed
base.?®* These explanations have merit, but they are generally case-
specific explanations, have difficulty accounting for the forfeiture of
especially valuable technological assets, or, in the last case, are incom-
plete for reasons described below. This Part applies a simple rationale:
host entities forfeit platform assets in order to commit credibly against
expropriating users’ investments in those assets.*® As discussed in

37 See sources cited supra note 17.

38 See Douglas Lichtman et al., Strategic Disclosuve in the Patent System, 53 VAND. L. REV.
2175 (2000); Robert P. Merges, A New Dynamism in the Public Domain, 71 U. CHIL. L. REV. 183
(2004); Gideon Parchomovsky, Publish or Perish, 98 MICH. L. REV. 926 (2000).

39 See Joseph Farrell & Garth Saloner, Installed Base and Compatibility: Innovation, Product
Preannouncements, and Predation, 76 AM. ECON. REV. 940 (1986); Lisa N. Takeyama, The Wel-
fare Implications of Unauthorized Reproduction of Intellectual Property in the Presence of De-
mand Network Externalities, 42 J. INDUS. ECON. 155 (1994).

40 For prior contributions in the management and economic literature that have explored the
extent to which platform holders open up access in order to address users’ lock-in concerns, see
supra note 14. The following discussion provides a somewhat narrower formulation of that line of
argument (in part because the historical evidence seems to show that (transiently) dominant re-
peat-player firms’ lock-in capacities are more tenuous than is often stated to be the case). In a
related context, Professors Oren Bar-Gill and Gideon Parchomovsky have argued that an original
innovator will publish technological knowledge that could have been kept secret or patented in
order to credibly reserve to follow-on innovators a portion of the surplus generated by a stream of
cumulative innovation (and over which it is otherwise difficult to contract). See Bar-Gill & Par-
chomovsky, supra note 14. This Article’s analysis is consistent with (and empirical evidence fur-
ther confirms) that argument; however, the controlled forfeiture practices on which this Article
focuses are more elaborate than merely abandoning knowledge through simple disclosure. Three
considerations account for this increased complexity: (i) credibly committing against expropriating
user investments requires sequestering knowledge in an entity over which the host cannot exercise
or reclaim control; (ii) simple abandonment in the absence of a centralized coordinating agent can
fail to elicit user investments because users fear volatile technological standards that will endan-
ger the value of their investments; and (iii), as this Article emphasizes in particular, any forfeiture
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greater detail below, host entities employ a rich set of forfeiture strate-
gies in order to promote that objective.

A. Some Economics of Platform Markets

Any ICT platform — which may be constituted by hardware,
software, or an operating system*! — must enable users to transact at
a lower cost relative to transacting directly (or through the next-best
platform technology); otherwise, it will not be adopted. Network ef-
fects amplify transaction cost savings plus associated trading gains.
That is, any user’s gains are an increasing function of the number of
other users of, or uses for, the platform technology.*> As shown in
Figure 1, users consist of end users (EU) and developer users (DU),
each of which is connected by three possible transaction paths that run
through the platform: developer user—end user, end user—end user, and
developer user—developer user.** For developer users, platform value
is an increasing function of the number of end users (on the path EU-
EU) and the number of complementary uses developed by other devel-
opers (on the path EU-DU); for end users, platform value is an in-
creasing function of the number of other end users (on the path EU-
EU) and the number of complementary uses developed by developers
(on the path EU-DU).** Microsoft Windows, Sony PlayStation,

action requires regulating access to some complementary good in order to generate revenues to
cover (at least) the host’s development and other costs. For further discussion of points (i) and (ii),
see section I1.C.3.b, pp. 1888-89; with respect to point (iii), see Part III, pp. 189o-1925.

41 Slightly more and less expansive definitions of this constituent set are sometimes used (for
example, “operating system” can be construed as a type of software, while the software category
can be subdivided to include middleware applications). For a fuller explanation in nontechnical
terms, see MARC H. MEYER & ALVIN P. LEHNERD, THE POWER OF PRODUCT PLATFORMS
(1997).

42 These attributes correspond, respectively, to what the economics literature calls direct net-
work effects (related to the number of users) and indirect network effects (related to the number
of uses developed by third parties).

43 For simplicity, the Figure does not reflect that other intermediaries, such as systems integra-
tors, will typically occupy points on the transaction path between end users and developer users
(as is the case with original equipment manufacturers in the personal computer market). In gen-
eral, absent market imperfections, intermediation will occur at any point on the transaction path
to the extent it generates net savings over direct transactions at that same point.

44 For simplicity, assume that (i) neither user group suffers from congestion costs, (ii) both end
users and developer users enjoy constant increasing returns from additional developer users or
end users, respectively, and (iii) end users and developer users value, respectively, all types of de-
veloper users and end users equally (or equivalently, end users and developer users are
homogenous).
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FIGURE 1: TRANSACTION PATHS IN ICT PLATFORM MARKETS

DU

Platform (hardware,

operating system,
/ software)
A
EU < > EU

and the Apple iPhone (or, to take an even more fundamental example,
the abundance of communications and other devices enabled by Bell
Labs’ invention of the transistor) confer transactional gains by (i) con-
necting developer users (for example, video game developers) to end
users (for example, video game players) and (ii) connecting end users to
other end users (for example, iPhone users) or developer users to other
developer users (for example, developers of Windows-compatible
software applications, who effectively deliver an applications suite to
consumers). The interdependent demand functions that characterize
platform-based markets imply that user adoption rates can exhibit
both negative and positive feedback effects. If there are no applica-
tions written for Windows, it has virtually no value; if there are no end
users of Windows, its applications have no value. However, as more
applications are written for Windows, it increases in value and attracts
more end users, which in turn induces more developers to write appli-
cations for Windows, and so on. To succeed, any platform must trig-
ger and maintain positive feedback effects by sustaining adoption by
the relevant set of interacting user groups. Failure to do so triggers
negative feedback effects that erode the platform’s value or stunt
adoption altogether. These feedback effects are in turn exacerbated by
the fact that platform markets exhibit winner-take-all effects: the
transaction cost savings derived from using a single platform drive us-
ers toward — or, in a period of decline, away from — the same plat-
form. Even the most dominant platform therefore inherently occupies
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a precarious position, as it can be slow to start and can suffer a rapid
demise.

This proposition may appear surprising given Microsoft Windows’
still-dominant position among operating systems for desktop comput-
ing.#5> But just a slightly broader view of technology markets shows
that even a dominant platform often occupies a fragile position. A few
examples suffice. IBM virtually created the personal computer indus-
try in 19814° but was rapidly overwhelmed by clones and exited from
the market entirely in a sale to Lenovo in 2005;*” Palm distributed the
first successful handheld computing device, achieving a 70% U.S.
market share by 1997,*® but was overwhelmed by RIM’s BlackBerry
device in the early 2000s and was sold in a distressed transaction to
Hewlett-Packard in 2010;*° Netscape was the prevailing internet
browser, achieving an 80% market share in 1995,5° but eventually lost
the leadership position to Microsoft’s Internet Explorer and had a
nominal market share by the early 2000s.5! The best example may be
America Online (AOL): its apparent dominance of the internet service
portal market was so powerful that, in 2001, it could merge with and
effectively acquire media conglomerate Time Warner;*? by 2009, how-
ever, the combined entity had spun off the declining AOL, which ac-

45 Even Microsoft’s dominance in desktop computing is vulnerable to competition in adjacent
markets for partially substitutable computing devices. On May 26, 2010, Apple surpassed Microsoft
in stock market capitalization, reflecting the partial displacement of the personal computer market by
the smartphone and tablet devices markets (where Apple’s products are among the market leaders
and Windows-based devices are laggards). See Connie Guglielmo & Dina Bass, Apple Overtakes Mi-
crosoft in  Market Capitalization, BLOOMBERG BUSINESSWEEK (May 26, 2010),
http://www.businessweek.com/news/2010-05-26/apple-overtakes-microsoft-in-market-capitalization-
update3-.-html. For further information on competitive conditions in the smartphone market, see
infra pp. 1917—20.

46 See IBM Pevsonal Computer, IBM, http://www-03.ibm.com/ibm/history/exhibits/pc/pc_
1.html (last visited May s, 2011).

47 See Lenovo of China Completes Purchase of I.B.M.’s PC Unit, N.Y. TIMES, May 2, 2003, at
Cs.
48 Press Release, Palm, Inc., Dataquest and PC Data Research Studies Place U.S. Robotics
PalmPilot at Lead of Thriving Handheld Computer Market (May 12, 1997%),
http://investor.palm.com/releasedetail.cfm?releaseid=336348.

49 See Associated Press, HP to Acquive Palm for About $1 Billion in Cash, FOXNEWS.COM
(Apr. 28, 2010), http://www.foxnews.com/scitech/2010/04/28/hp-acquire-palm-nearly-billion-cash.

50 Jared Sandberg, Sun and Netscape Ave Forming Alliance Against Micvosoft on Internet
Standard, WALL ST. J., Dec. 4, 1995, at BS.

51 See Susan Stellin, Browser Battle Winds Down, N.Y. TIMES, Sept. 9, 2002, at C6. As de-
scribed subsequently, the Netscape code later formed the basis for the open source Firefox brows-
er, which is managed by the Mozilla Foundation. See infra note 84. Reflecting the volatility of
platform dominance, Firefox had a 22.97% market share as of September 2010. See Browser
Market  Share, NETMARKETSHARE  (Sept. 2010), http://marketshare.hitslink.com/
firefox-market-share.aspx?qprid=o&sample=28&qptimeframe=M&qpsp=140; see also infra p.
1900.

52 See Stephen Labaton, FEC.C. Approves AOL-Time Warner Deal, with Conditions, N.Y.
TIMES, Jan. 12, 2001, at C1.
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counted for a negligible percentage of the U.S. “core search” market.>3
The appearance of platform dominance can often be illusory — mis-
leading even the most sophisticated academic observers,’* antitrust
judges, and market investors — and the movement from leader to lag-
gard can often be swift and brutal.

B. The Double Commitment Problem

To elicit user adoption, a platform holder must overcome two ob-
stacles. First, it must persuade initial users that the platform will scale
and therefore deliver the network effects that give it value over com-
peting platforms (or the alternative of nonmediated communication).
Second, it must persuade users that, even after the platform achieves
scale and delivers value in the form of network effects, the platform
holder will not regulate access in order to expropriate that value from
users. Each of these commitment problems is addressed in turn.

1. The Intertemporal Dilemma. — The most obvious obstacle to
eliciting user adoption follows the well-known logic of a collective ac-
tion problem. Any potential user knows that the platform has no val-
ue unless other users adopt it in sufficient numbers. For example, end
users are reluctant to adopt a platform until a large mass of other end
users or applications (or both) has materialized, which in turn means
that developer users decline to invest in developing applications for a
platform that has not yet been widely adopted, which in turn exacer-
bates end users’ unwillingness to adopt the platform, and so on.

But this “waiting game” problem is not without at least a partial
remedy. The host can assume the cost and risk of scaling up the plat-
form by providing access to early adopters at a zero or even negative
price55 (which the host may pay in kind in the form of technical assis-
tance or other support). That strategy explains risky gambles such as
JVC’s decision in the 1970s to widely license the VHS technology for
videocassette recorders, which prevailed over the competing Betamax
technology that Sony kept to itself,’° or Xerox’s decision in 19%9 to li-

53 See Jonathan E. Skillings, Time Warner to Spin Off AOL, CNET NEWS (May 28, 2009,
5:18 AM), http://news.cnet.com/8301-1023_3-10250944-93.html.

54 Commentators’ laments of “unbeatable” network monopolies often prove to be short-
sighted. For example, Professors Steven Salop and R. Craig Romaine cited the Palm Pilot as an
exemplary case of a network good that attracts market adoption through positive feedback ef-
fects, which are then argued to be an entry barrier that is difficult to overcome. See Steven C.
Salop & R. Craig Romaine, Preserving Monopoly: Economic Analysis, Legal Standards, and Mi-
crosoft, 7 GEO. MASON L. REV. 617, 621 (1999). With hindsight, the Palm Pilot demonstrates the
ease with which market dominance can be lost. See supra p. 1877.

55 See Nicholas Economides, Network Externalities, Complementavities, and Invitations to
Enter, 12 EUR. J. POL. ECON. 211 (1996).

56 See Michael A. Cusumano et al., Strategic Maneuvering and Mass-Market Dynamics: The
Triumph of VHS over Beta, 66 BUS. HIST. REV. 51 (1992) (discussing dynamic standardization in
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cense its Ethernet local area network technology at a nominal fee,
which made Ethernet the global networking standard.’” Each of
these costly transfers from the host to early adopters functions as a
bond posted by the host, which stands to suffer a financial penalty if
the platform fails to scale as expected. That is, the host “burns money”
at an initial stage in order to signal to early adopters its confidence
that its platform will achieve sufficient scale to recoup those costs at a
subsequent stage. This bonding strategy can provide some assistance
in eliciting user adoption of a platform technology. However, as sec-
tion 2 shows, it is incomplete in a fundamental respect.

2. The Host’s Dilemma. — Even if the host can post a bond by
which it persuades users that the platform will achieve sufficient scale,
the host still will not have overcome all obstacles to user adoption.
The host must still persuade users that it will leave them with a net
gain after the platform has achieved scale. Users are wary of false
gifts: burning money at an initial stage is an empty signal if it simply
enables the host to gain at the expense of users at some subsequent
stage. This difficulty gives rise to what is called the host’s dilemma.

(a) The Simple Case. — Suppose that user adoption requires mak-
ing a nonsalvageable investment in learning to use the platform and,
more generally, adapting existing activities to it. This assumption is
true in the case of end users, and to a substantially greater extent, it is
also true in the case of developer users, who must invest substantial
sums in developing, marketing, and supporting applications for use on
the platform. If this characteristic applies across platforms, then learn-
ing costs imply switching costs equivalent to the costs of learning how
to use any other competing platform. Switching costs in turn provide
an expropriation opportunity for the host, who will extract value from
users equal to the switching costs that users would incur in migrating
to the next-best platform technology. The host can do so through var-
ious devices, including (among other things) increasing usage fees, re-
ducing technical assistance, making platform modifications that reduce
the host’s costs or improve certain platform features but reduce the
value of users’ investments in the existing platform (for example, an
upgrade that makes a developer’s applications incompatible with the
platform), and integrating forward into a developer user’s market. In

the VCR industry and the minimal first-mover advantages for products characterized by band-
wagon effects).

57 See HILTZIK, supra note 10, at 363—64. The former gamble resulted in commercial success
for the host; the latter did not. That Xerox failed to capitalize on its success (which the company
had hoped would promote the sale of complementary product lines where it had a competitive
advantage) is the type of outcome to which a host can refer in order to make its second credible
commitment (discussed immediately below) — namely, that the host will have limited ability to
exercise pricing power over early adopters, who will be free to purchase from competing provid-
ers.
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the last case, the prospect of a well-capitalized and well-branded plat-
form holder competing with a much smaller developer firm directly
threatens the developer’s existing profit stream.5® Not coincidentally,
all of these accusations are routinely leveled both formally and infor-
mally against the most salient platform holders — for example, Micro-
soft and Intel — in informational goods markets.

Transaction cost economics (in particular, as pioneered by Nobel
Prize winner Professor Oliver Williamson3°) provides a concise termi-
nology for describing this state of affairs. Users make ex ante invest-
ments that are “specific” to the platform (that is, have no use outside
the platform), which implies an ex post expropriation opportunity for
the host, who then can regulate access in order to extract value from
locked-in users. In the extreme case where no other platform exists in
the market and the only remaining alternative is transacting directly,
the host will extract from users nearly all the transaction cost savings
and associated gains from use of the platform. This result is paradoxi-
cal. Precisely at the point where a platform has achieved the highest
levels of user adoption, given the expropriation threat (and assuming
the lack of competing platforms), users derive both the greatest poten-
tial benefit from the platform (since users’ gains from network effects
are at their highest) and the lowest actual benefit (since users’ gains
will be almost completely confiscated).

But this statement is intentionally myopic. Assume for the moment
that users have perfect foresight. Then, at the initial point at which
the host offers access to a new platform, the user will decline — even if
access is offered at a zero price. The user anticipates that, after the
platform has achieved scale, the user will be subject to expropriation
by the host. The user may therefore never realize a net positive return
ex post on its specific investments in the platform, in which case it
rationally declines to adopt the platform ex ante. Where the user an-
ticipates complete expropriation of its gains by the host, there is no
positive price at which the host can offer access to the platform and
elicit adoption. That holds true even over a certain range of negative
prices equal to the specific investments that the user anticipates the
host will expropriate from it. Hence the host’s dilemma: unless it can
commit against future expropriation, the host cannot induce platform

58 On forward integration by platform holders and the competitive effect on applications de-
velopers, see Annabelle Gawer, Platform Dynamics and Strategies: From Products to Services, in
PLATFORMS, MARKETS AND INNOVATION 45, 57 (Annabelle Gawer ed., 2009). For a discus-
sion of the same dynamic in the specific context of Intel, see Gawer & Henderson, supra note 15,
at 9—25.

59 For the leading work, see generally OLIVER E. WILLIAMSON, MARKETS AND HIERAR-
CHIES: ANALYSIS AND ANTITRUST IMPLICATIONS (1975). For a shorter presentation of this
approach, see generally Oliver E. Williamson, The Vertical Integration of Production: Market
Failure Considerations, 61 AM. ECON. REV. 112 (1971).
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adoption ex ante. The real problem is not that the host will expro-
priate value from locked-in users; rather, the problem is that the host
cannot persuade users that it will not expropriate value from them af-
ter scale has been achieved. As a result, the platform is never adopted
at all (or, less dramatically, is underadopted).

(b) The Complex Case. — In defense of the conventional view, one
might object that the perfect foresight assumption — that is, the fully
rational user — is unrealistic. Platforms are in fact adopted in ICT
markets. Consistent with the argument set forth above, that fact sug-
gests that users fail to anticipate expropriation opportunities and that
the host deceives users into making foolish platform investments.
That concern does not seem reasonable in the case of developer users,
who make substantial investments in the platform, are sophisticated
parties, and are subject to external market discipline and, at the man-
agerial level, internal firm discipline to act in conformity with business
rationality. But, under certain behavioral assumptions that are some-
times given credence in consumer-goods settings, this scenario may be
reasonable in the case of end users, who may make smaller specific in-
vestments in the platform and have weaker incentives to invest re-
sources in exercising perfect foresight.°© Note, however, that, for this
objection to hold, it must be the case that users on both sides of the
market lack foresight (at least in cases where the two user groups are
not identical). If the host misleads only end users, developers will still
decline to invest and end users will observe the lack of applications
and decline to adopt given the anticipated absence of network effects.
Put simply, only developer users have to be sophisticated to protect all
users against host opportunism.®!

I nonetheless grant this objection and implausibly assume for the
sake of argument that users on both sides of the market have no abili-
ty to anticipate future opportunism by the host. That is, both user
groups are myopic — including software developer firms that place
substantial capital at stake.®? User myopia would allow the host to

60 Even that claim is doubtful: end users’ interests may be effectively represented by original
equipment manufacturers and other systems integrators, which effectively purchase components
on behalf of end users. Of course it could be argued that even far-sighted systems integrators will
rationally exploit end-user myopia, thereby acting as if they too are myopic.

61 There is one contingency under which the “myopic user” objection carries some (albeit high-
ly limited) weight. The host could make side payments to far-sighted developers in order to split
the gains from luring myopic end users. Even setting aside legal constraints on that type of be-
havior, explicit side payments seem implausible given coordination costs, assuming either a diffuse
population of software developers in real-world markets (as is the case) or a competitive popula-
tion of software developers, who would compete by diverting side payments to end users or in-
termediate users.

62 In its antitrust allegation that Microsoft had induced developers to write programs for the
Windows-specific Java development tool (rather than for the cross-platform development tool of-
fered by Sun), the federal government was forced to rely precisely on the implausible claim that
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elicit adoption to the extent that users fail to anticipate the host’s fu-
ture opportunistic behavior. But this change in assumptions would
still make no difference. Unless it is further assumed (even more im-
plausibly) that users are both perfectly myopic and perfectly forgetful,
the host would have only a single opportunity to engage in opportunis-
tic behavior. That solution is insufficient in the case of any repeat-
player host that seeks to maximize long-term profits through repeated
adoption of platform extensions. Microsoft cannot make any more
money by selling the Windows operating system again.®® Microsoft
must convince users to buy the latest version of Windows, which ex-
plains in part why it has released twelve versions of the Windows op-
erating system for desktop computing from November 1985 (when it
released Windows 1.0) to the present (the latest release being Windows
7 in October 2009).%*

At each release point, the host must reconfront the host’s dilemma:
it must induce user adoption or risk losing its investment in the latest
release. Those investments are substantial to exorbitant in the case of
platform technologies. Estimated development costs for a substantial
upgrade to an operating system typically reach several billions of dol-
lars: Windows 7 cost approximately $1.5 billion,*> Windows Vista (re-
leased 200%7) cost approximately $6 billion,°¢ and Apple’s Mac OS X
(released 2001) cost approximately $1 billion.®” Eliciting user adoption
of any current platform extension, and thereby recovering these sub-
stantial investments, rests on maintaining a past record of good behav-
ior. Given the sums at stake, any past failure to build such a record
exposes the host to substantial or exorbitant financial penalties in the

professional developers were unaware of the differences between these products. See United
States v. Microsoft Corp., 253 F.3d 34, 76—7% (D.C. Cir. 2001). On this claim (and the lack of any
evidence offered in support), see David McGowan, Has Java Changed Anything? The Sound and
Fury of Innovation Litigation, 87 MINN. L. REV. 2039, 2044—48 (2003).

63 This assertion assumes (as is generally the case) that Microsoft sells Windows on a one-time
basis rather than leasing access to it on a continuous basis. Even if Microsoft did offer a leasing
option, the company would still be compelled to release (and induce adoption of) new versions of
Windows in order to avoid rapid technological obsolescence.

64 See A History of Windows, MICROSOFT, http://windows.microsoft.com/en-US/windows/
history (last visited May 5, 2011).

65 See David B. Yoffie & Renee Kim, Apple Inc. in zor10, at 6 (Harvard Bus. Sch., Case
No. 9-710-467%, 2010).

66 Marius Oiaga, Vista — A $6 Billion Dollars Operating System, SOFTPEDIA (Jan. 10, 2007,
12:03 AM), http://news.softpedia.com/news/Vista-a-6-Billion-Dollars-Operating-System-
44096.shtml.  Other authors cite even higher cost estimates. See Dean Takahashi, Why Vista
Might Be the Last of Its Kind, SEATTLE TIMES, Dec. 4, 2006, available at http://
seattletimes.nwsource.com/html/businesstechnology/2003460386_btviewos.html (estimating total
development cost of $10 billion, assuming a cost of $200,000 per employee and based on Busi-
nessWeek estimate of 10,000 Microsoft employees dedicated to the project over five-year period).

67 Yoffie & Kim, supra note 65, at 7. All costs are estimates; but note further that all costs are
substantial underestimates insofar as they exclude marketing and other implementation costs.
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present. The host will refrain from acting opportunistically even if
any current platform release has achieved scale. Even if all users are
myopic but not amnesiacs (or just so long as developer users are not
amnesiacs), a repeat-player host that seeks to maximize long-term rev-
enues has little to no incentive to exploit its expropriation opportunity.
User lock-in would be a virtual impossibility.

One might therefore conclude that the host’s dilemma disappears in
the typical repeat-play environment. That would be a happy but
somewhat curious result given the widespread impression in the me-
dia, in academia, and in the policymaking community that dominant
holders of platform technologies — again, Microsoft and Intel — do
not always seem to behave “nicely” toward existing users. Of course,
even a widespread impression may be found to be mistaken upon fur-
ther examination. But assume for the sake of argument that host enti-
ties do sometimes expropriate value from existing users. Three contin-
gencies can explain why even fully rational repeat-player hosts would
act in this manner — and can explain this behavior without relying on
implausible or “stretched” assumptions of universally myopic and am-
nesiac users (or, for that matter, on irrational or incompletely informed
host entities). First, if the host’s managers are not employed or do not
expect to be employed by the host across generations of platform ex-
tensions, then managers may have short-term incentives to expropriate
users’ investments in any given extension even if doing so is not con-
sistent with long-term profit maximization. This possibility implies
that platform holders (and users) are victims of platform managers.
This divergence of interests between managers and the firm is well
documented in the management literature on “cultural” obstacles to
adopting open innovation models in certain firms.®®¢ This divide may
be further exacerbated where (i) managers are awarded in part
through equity-based compensation (as is typical in technology mar-
kets),*® and (ii) the capital markets overweight short-term user adop-
tion relative to long-term user attrition.”® Second, if host opportunism
is punished by anything other than the irrevocable exit assumed in
stylized models of repeat-play prisoner’s dilemma games, the host may
conclude that the short-term economic gain from expropriation exceeds

68 See, e.g., Gawer & Henderson, supra note 15, at 18-19, 23 (discussing Intel’s difficulty in
persuading managers to accept that Intel would be providing proprietary technology to competi-
tors in order to grow the larger market).

69 See Mark C. Anderson et al., Executive Compensation in the Information Technology Indus-
try, 46 MGMT. SCI. 530 (2000) (examining the common use of stock options in the information
technology industry as part of executive compensation).

70 On short-term biases in the capital markets in general, see Kevin J. Laverty, Economic
“Short-Teymism”: The Debate, the Unvresolved Issues, and the Implications for Management Prac-
tice and Research, 21 ACAD. MGMT. REV. 825 (1996).
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the long-term reputational penalty.”* Third, at the point at which any
platform (or platform extension) is released, the host cannot commit
that it is not playing the final period of a finitely repeated game, in
which case the repeat-play incentives to avoid opportunistic behavior
are diminished. This theoretical contingency corresponds in practical
terms to a declining industry or declining firm that has diminished
reputational incentives to avoid exploitative behavior.

Anticipating some or all of these contingencies, even mildly sophis-
ticated users will decline to adopt or, at least, underadopt: that is, they
will assign a positive likelihood that the host may expropriate in the
future, in which case users will adopt only subject to a discount that
reflects that nonexcludable contingency. Hence the host’s dilemma
persists: even if it is a repeat player, the host cannot fully commit
against expropriation within these limited but typical contingencies
and therefore cannot induce users to adopt the platform (or, more pre-
cisely, cannot do so without offering a discount).

C. Solutions to the Host’s Dilemma

The host’s dilemma implies that platforms will be substantially un-
deradopted. Clearly that is not the case: platforms are endemic to ICT
markets.”? Therefore, the analytical task now lies in explaining how
platform holders overcome the host’s dilemma. Resolving this puzzle
will in turn resolve the original puzzle of voluntary forfeiture, which
turns out to provide the most potent solution to the host’s dilemma.
To reach this conclusion, one must assess the relative effectiveness of
three devices that address the host’s commitment problem: contract,
integration, and forfeiture. Together or individually, these devices en-
able the host to construct an organizational and transactional structure
by which it can commit against future expropriation after scale has
been achieved.

1. Contract. — The host can attempt to write a contract that binds
it against opportunistic behavior. This solution is meaningful but im-
perfect for several reasons: (i) the user’s ability to enforce the contract
is limited by the host’s life, solvency, and legally attachable assets; (ii)

71 T am referring to a standard model of indefinite or infinite repeat play where a single defec-
tion results in irrevocable ejection from the game and the loss of all future cooperative gains. For
example, in the most well-known formulation, the “tit-for-tat” game, a successful player elects
cooperate in the initial round of an iterated sequence and in each round thereafter but then re-
verts irrevocably to defect if the other player ever elects defect. For further discussion of this and
other iterations, see JEAN TIROLE, THE THEORY OF INDUSTRIAL ORGANIZATION §§ 6.3.1,
6.5.1 (1988).

72 To be perfectly rigorous, it could still be the case that platforms suffer from underadoption
relative to a zero-transaction-cost world in which platform holders could write complete contracts
that perfectly protect users against expropriation. At the very least, however, we do not live in a
world that suffers from drastic or catastrophic underadoption.
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legal action is costly and uncertain (and, given collective action con-
straints, likely to be severely underfunded whenever there is a diffuse
user population); (iii) the transaction costs of entering into (and moni-
toring compliance with) contracts with large numbers of users may be
prohibitive;”® and (iv) specification costs may make it difficult to ad-
dress all possible actions by which the host can expropriate value from
users.”* The last two points are especially relevant for a platform
technology — in IT industry jargon, a “horizontal” application — that
may be applied across a broad and difficult-to-anticipate range of us-
ers and uses. For example, it may be difficult to write, not to mention
monitor, a contract that can specify all the ways in which a host could
expropriate users’ investments through insufficient efforts to provide
technical support, incomplete efforts at maintaining backward compat-
ibility, or forward integration into users’ application markets.”> Even
if one implausibly assumes that all possible expropriation opportunities
can be foreseen (or more precisely, can be foreseen at a reasonable
cost), and that all contractual breaches can then be monitored and de-
tected at a reasonable cost, it is still likely that definitional limitations
would make it difficult to craft language that excludes expropriation
opportunities without excluding other legitimate business actions or
exposing the host to illegitimate claims by opportunistic litigants. The
rapid pace of technological development, compounded by renegotiation
difficulties, may further counsel hosts against taking on contractual ob-
ligations that are subsequently likely to be incompatible with changed
conditions.”’® In sum, the gist of the matter is simply described: con-
tract provides some meaningful ability by which to assure users, but
contract cannot entirely, and may not even substantially, eliminate the
host’s dilemma.

2. Integration. — Where contracts cannot be written to provide
users with complete assurance against host opportunism, the host may
elect an alternative strategy. As is well known in the transaction cost
literature, the threat of ex post opportunism can be eliminated or miti-

73 Note that transaction costs may be reduced through electronic contracting and monitoring
technologies, which are already widely deployed in the ICT industry.

74 On contractual incompleteness in the technology sector (in particular, the internet), see
Shane Greenstein, Glimmers and Signs of Innovative Health in the Commercial Internet, 8 J. ON
TELECOMM. & HIGH TECH. L. 25, 39—41 (2010); and in the software industry, see Schwarz &
Takhteyev, supra note 14, at 613—14.

7S The last covenant would raise concerns under antitrust law to the extent that a court could
analogize any such contractual restraint to a horizontal agreement not to compete among actual
or potential competitors. See, e.g., Engine Specialties, Inc. v. Bombardier Ltd., 605 F.2d 1, 11 (15t
Cir. 1979) (finding an agreement not to compete between a manufacturer and a distributor to be a
horizontal agreement that was per se illegal, on the ground that the distributor was the manufac-
turer’s potential competitor).

76 See Greenstein, supra note 74, at 40.
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gated through vertical integration.”” For example, the host can employ
all developer users, which provides these users with fixed compensa-
tion that reduces exposure to host opportunism at the cost of reduced
exposure to any project’s upside. Or the host can purchase a develop-
er entity that has achieved success in developing an application for use
on the platform. If the host makes such acquisitions regularly, then it
may be implicitly understood to offer a standing reward for third par-
ties that develop applications that enhance the platform’s value (a
strategy that technology leaders such as Microsoft, Oracle, and Cisco
Systems, which regularly make acquisitions to procure “prepackaged”
research and development, have implemented).”®

But integration suffers from (at least) four drawbacks. First, while
the host can mitigate expropriation risk on the developer side, it can-
not employ the other side of the market — end users, without whom
most transaction paths cannot be completed. Second, an employment
relationship cannot replicate the direct connection between investment
and profit that results in the high-powered incentives characteristic of
a contractual relationship or that would prevail in the case of third-
party developers who enjoy the full upside of any complementary good
or service. Third, integration into the development function exposes
the host to the costs and risks of developing complementary goods to
the platform. This risk is particularly pronounced in light of the inher-
ently uncertain range of possible applications for a platform technolo-
gy, as compounded by the difficulty of anticipating end-user prefer-
ences in a retail market.”® Multiple factors suggest that these costs and
risks can be especially high in the case of horizontal software applica-
tions (as distinguished from vertical applications customized for a par-
ticular use or industry)®© due to the complexity and volume of software
programming, the scarcity of programming labor, the risk of product
failure upon release, and the post-release costs of software “debug-

77 On the ability of vertical integration to ameliorate opportunism risk, see WILLIAMSON,
supra note 59, at 104.

78 On serial acquisition strategies by these and other firms, see Sayan Chatterjee, The Keys to
Successful Acquisition Programmes, 42 LONG RANGE PLAN. 137, 137-39 (2009).

79 For examples of shared platform adaptation to changes in provider demand, see Eisenmann
et al., supra note 15, at 155.

80 The lower costs of integrating forward into all aspects of software development in the case
of a vertical product anticipate (correctly) that forfeiture practices, including open source devel-
opment, are observed far less often in those sectors of the industry. Hence, it may not be coinci-
dental that OSS has achieved far more success in the case of horizontal (or “platform”) software
technologies, such as operating systems, and far less success in the case of vertical technologies
targeted at a particular industry or user population. In the latter case, given the more constrained
set of users and uses, both contract specification and forward integration costs would be expected
to be less onerous. For analogous observations (discussing the benefits of coalition-building for
highly sophisticated end users who value customization), see Schwarz & Takhteyev, supra note 14,
at 617.
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ging,” support, and service. Fourth, integration by the host into any
complementary goods market can discourage entry by third-party de-
velopers into that same market, thereby further inflating the host’s in-
tegration costs and discouraging outside development that enhances
platform value.®' Like contract, integration is therefore an important
but imperfect (and often extremely costly and even counterproductive)
solution to the host’s dilemma.

3. Forfeiture. — There exists an elegant but draconian solution to
the commitment problem: the host can forfeit ownership or control
rights over the platform in whole or in part. Forfeiture practices can
be understood broadly as encompassing any action that provides third
parties with some access to technological knowledge at any price be-
low its market value, including zero or negative prices. Hosts can un-
dertake simple and complex forms of forfeiture actions, as discussed
briefly below. The discussion below describes these forms at a high
level of generality, which provides a framework for detailed descrip-
tion of the various forfeiture devices used in the OSS and smartphone
markets, as presented in Part III.82

(a) Simple Forfeiture. — The host may disclaim ownership over
all or part of the platform technology. This form of forfeiture can be
achieved through (i) disclosure of a technological asset that could oth-
erwise be maintained as a secret and (ii) widespread, nonexclusive li-
censing of a technological asset at a nominal cost, when that asset
could otherwise be licensed at market rates or to a more limited set of
parties. Either action serves a simple but vital purpose: it gives users
an asset that cannot be expropriated easily by the host, which in turn
allows users, or any other party, to enter into competition with the
host. The host intentionally creates a potential entry threat, which
then allows it to commit against opportunistic behavior ex post and
elicit greater user adoption ex ante. Counterintuitively, the host se-
cures market share by making its market share contestable.8> Poten-

81 See supra p. 1880.

82 In particular, see section II1.B.1.a, pp. 1896—1906.

83 Economists have identified rational incentives for monopolist sellers to invite competition.
Professors Joseph Farrell and Nancy Gallini argue that when a consumer incurs sufficiently high
set-up costs, a monopolist seller may (with a delay) rationally invite competition by “second-
source” producers in order to commit against higher second-period pricing that would expropriate
the consumer’s initial investment. See Joseph Farrell & Nancy T. Gallini, Second-Sourcing as a
Commitment: Monopoly Incentives to Attract Competition, 103 Q.J. ECON. 673, 673—75 (1988).
Other scholars have made related arguments. See, e.g., Economides, supra note 55, at 231 (ar-
guing that a monopolist will invite entry in order to commit to a high quantity that maximizes
network effects and increases consumers’ willingness to pay; otherwise, consumers will anticipate
that the monopolist will constrain output in order to achieve supracompetitive pricing); Michael
Kende, Profitability Under an Open Versus a Closed System, 7 J. ECON. & MGMT. STRATEGY
307, 320-21 (1998) (arguing that a systems firm can increase demand for the main component,
and in some circumstances increase profits, by allowing competition in the aftermarket for sec-
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tial rivals include users or any other party that can use the disclosed
knowledge in order to develop competing technologies. For example,
when a software provider releases a program’s source code, it is ex-
posed to “forking”; that is, any user or group of users may develop
“dissident” noncompatible versions of the code that compete with or
supplant the original version.®* Even more severe consequences could
result if a host gambles on a forfeiture strategy: it may lose control of
the platform to rivals who never invested in its development. As IBM
discovered in its inability to maintain exclusivity over the IBM PC
(because third parties were able to reverse engineer its basic in-
put/output system (BIOS) component without infringing the associated
copyright®’), a firm that forfeits control over its core technology can
lose the entire market to more adept producers of complementary
goods within the consumption bundle.

(b) Complex Forfeiture. — In lieu of direct abandonment through
disclosure or nonexclusive, nominal-cost licensing, the host can trans-
fer control of the platform to a nonprofit organization, trade associa-
tion, or some other neutral entity with which the host may retain some
involvement, but over which it lacks unilateral control.3¢ This strate-

ondary components, which constitutes a commitment to variety in the latter market); Andrea
Shepard, Licensing to Enhance Demand for New Technologies, 18 RAND J. ECON. 360, 368
(1987) (arguing that “second sourcing,” whereby a technology provider provides know-how to en-
able supply by a competitor, is a commitment to product quality). For an interesting practical
application, see Gawer & Henderson, supra note 15, at 25—26, which uses evidence from Intel’s
history to illustrate that a monopolist platform holder has incentives to subsidize entry by third-
party complementors in order to commit credibly against squeezing out other firms in the com-
plements market.

84 Forking actually led to the origin of the popular Firefox internet browser. As the Mozilla
application suite was being developed by the open source community using Mozilla code (which
had been developed on a proprietary basis by Netscape but then was released under an open
source license following Netscape’s commercial demise), two contributors who disagreed with the
project’s direction used the code to create the Firefox browser, which community leaders ultimate-
ly adopted as the primary supported version. See Jacques R. Bughin et al., The Next Step in
Open Innovation, MCKINSEY Q., June 2008, at 113, 119.

85 Following Apple Computey, Inc. v. Franklin Computer Corp., 714 F.2d 1240 (3d Cir. 1983),
which clarified that operating system code is eligible for copyright protection, id. at 1253-54, oth-
er companies could not directly copy the BIOS code. However, they could attempt to reassemble
it independently without infringing on the copyrights associated with the original BIOS code, a
process which is known as “clean room” design. This practice was recently given some further
latitude in Sony Computer Entertainment, Inc. v. Connectix Corp., 203 F.3d 596 (9th Cir. 2000),
which held that an emulator software developer’s copying of a video game system manufacturer’s
code was protected under the fair use doctrine because the developer’s reverse engineering process
necessitated making intermediate copies of the manufacturer’s code, id. at 603—04.

86 For further discussion, see Stanley M. Besen & Joseph Farrell, Choosing How to Compete:
Strategies and Tactics in Standardization, 8 J. ECON. PERSP. 117, 126 (1994). In another variant
of this line of thought, Professors Annabelle Gawer and Rebecca Henderson observe that Intel
attempts to commit against “squeezing” providers of complementary goods by establishing a non-
profit unit (in corporate parlance, a “cost center”) dedicated to generating and disseminating plat-
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gy was adopted by AT&T as well as by other participants in the “Unix
Wars” over setting the Unix standard in the 1980s: nonprofit organiza-
tions with publicly interested-sounding names (such as the “Open
Software Foundation”) enabled competing groups of hardware manu-
facturers to disclaim the ability to alter the accepted standard to the
detriment of rivals and other users.8” Since a nonprofit organization
cannot distribute net earnings to any outside controlling interest,® and
may be subject to the control of a diffuse membership, such an organi-
zation has reduced expropriation incentives and opportunities and, as
a result, enjoys an increased ability to elicit users’ investments in the
platform. Through the vehicle of a nonprofit or other non-investor-
owned organizations (and, as discussed subsequently, by adopting pub-
licly interested normative commitments), the host can commit against
opportunistic behavior that (i) would only be rational in the case of an
entity driven by profit maximization and (ii) cannot be excluded with
sufficient certainty by contract. This rationale conforms to a broader
proposition advanced by Professor Henry Hansmann: non-investor-
owned forms of organization can be understood as a rational response
to contracting failure resulting from informational asymmetries be-
tween transacting parties.®® At the same time, controlled forfeiture
through a centralized organization can assure users that a single entity
will have incentives and capacities to standardize and update the plat-
form. In the absence of such a coordination mechanism, users may be
discouraged from making investments in the platform given the pros-
pect of technological instability or obsolescence that will endanger the
value of those investments. In platform markets, the nonprofit struc-
ture and allied forms of centralized but noncontrolling organization
provide a vehicle by which to commit against user expropriation and
coordinate platform stability at a potentially lower cost than the alter-
natives of contract and integration.

form technologies among third-party complementors. See Gawer & Henderson, supra note 15, at
22-24.

87 For further discussion, see section IIL.A.1, p. 1891.

88 See BRUCE R. HOPKINS, THE LAW OF TAX-EXEMPT ORGANIZATIONS § 1.1(a), at 5,
§ 20.1, at 561 (gth ed. 2007). More precisely, U.S. federal tax laws require that none of a nonprofit
organization’s net earnings “inure” directly or indirectly to the benefit of any “individual or other
person who has a close relationship with the organization” or “is in a position to exercise a signifi-
cant degree of control over it.” Id. at 560; see also IL.R.C. § 501(c)(3) (2006).

89 See Henry B. Hansmann, The Role of Nonprofit Enterprise, 89 YALE L.J. 835, 844—45%
(1980). These ideas are discussed at greater length in HENRY HANSMANN, THE OWNERSHIP
OF ENTERPRISE 27-29 (1996).
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III. ORGANIZATIONAL CONVERGENCE
IN OPERATING SYSTEMS MARKETS

In selecting the preferred instruments by which to commit against
opportunistic behavior, the host must compare the effectiveness of any
instrument (or combination of instruments) in eliciting user adoption
against the cost of adopting those instruments. Possible instruments
include contract, integration, and forfeiture (in its various forms). For-
feiture is obviously the most potent means by which to commit against
opportunism. As a stand-alone strategy, however, it is unworkable: the
host cannot capture revenues from forfeited portions of the platform.
Broadly speaking, the host has two well-known options by which to
render forfeiture an economically rational strategy consistent with the
insolvency constraint to which even a non-profit-seeking entity is sub-
ject. First, in the case of partial forfeiture, it can secure revenues by
regulating access to nonforfeited portions of the platform (or from user
populations to whom access has not been forfeited). Second, even in
the case of complete forfeiture, it can secure revenues from sales of
goods and services that are complementary to the platform. The host
therefore faces a basic trade-off. On the one hand, it must forfeit con-
trol over a portion of the platform in order to elicit user adoption. On
the other hand, it must exert control over some other portion of the
platform, or some set of complementary goods or services, in order to
accrue revenues to cover development and maintenance costs (and, in
the case of a for-profit entity, in order to capture any remaining
profits).

That trade-off yields a testable hypothesis. Host entities — both
ostensibly for-profit and nonprofit entities — will select hybrid organi-
zational forms that partially or completely forfeit control over the plat-
form in order to maximize adoption gains while retaining partial con-
trol over the platform or complementary goods in order to minimize
revenue losses. This Article now assesses that hypothesis against ob-
served organizational strategies in operating systems markets, includ-
ing a brief review of two paradigmatic “open” and “closed” models
used historically and a detailed examination of two recently imple-
mented hybrid models.?© The imperative to commit against host op-
portunism, subject to the insolvency constraint, provides a general ex-
planation for the controlled use of forfeiture strategies, and for the
rough convergence of organizational forms used, by platform holders
in these markets.

90 For a more detailed and comprehensive overview of various models of software and hard-
ware development, see generally West, supra note 15.
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A. Old Models

1. The Unix Model: Software as a Mostly Open Platform. — The
Unix operating system was developed in the early 1970s at Bell Labs.*!
Its parent, AT&T, licensed Unix at nominal cost and distributed the
source code to university researchers,> who subsequently developed a
number of variants.®® In this model, the operating system acts as a
“mostly open” platform that spawns third-party development of appli-
cations that enhance platform value. By the mid-1980s, Unix had be-
come the industry platform in the minicomputer and workstation
markets; however, its success was encumbered by the proliferation of
incompatible versions.®* Starting in 1987, AT&T sought to standardize
Unix in cooperation with Sun Microsystems, a workstation manufac-
turer, and then license it widely to chip manufacturers and system
vendors.®> This move was perceived by the market as an attempt to
“reprivatize” Unix, so in 1988, IBM and other hardware manufacturers
established the Open Software Foundation, a nonprofit entity that
sought to standardize Unix and make it available on an open licensing
basis.?® AT&T subsequently sold its interests in the Unix operating
system to Novell, a commercial firm, which in turn transferred the
rights to the UNIX trademark to the X/Open Consortium, a nonprofit
industry consortium dedicated to standardizing Unix systems.®” These
repeated forfeiture actions promoted three common objectives: to place
the operating system in the public domain, to induce investments by
developers, and to enable the recovery of rents through the closed
hardware components of the total consumption bundle. As described
below, some of these hardware companies (notably IBM) are engaged

91 Milestones in AT&T History, AT&T, http://www.corp.att.com/history/milestones.html (last
visited May 5, 2011).

92 See David McGowan, Legal Implications of Open-Source Software, 2001 U. ILL. L. REV.
241, 284.

93 WEBER, supra note 20, at 39—43 (detailing the BSD variant created by the University of
California, Berkeley).

94 See SIMSON GARFINKEL ET AL., PRACTICAL UNIX AND INTERNET SECURITY 15-16
(2003); WEBER, supra note 20, at 95.

95 See Garud & Kumaraswamy, supra note 23, at 355, 359—60.

9 See GARFINKEL ET AL., supra note 94, at 16—17.

97 Id. at 17. In 1996, X/Open merged with the Open Software Foundation to form the Open
Group, a nonprofit association that now holds the UNIX trademark and maintains the set of
standards for operating systems that qualify as Unix. Id. For completeness, note that the SCO
Group, Inc. claims that it acquired the copyrights and other rights relating to the Unix source
code from Novell, a position it has subsequently pursued in multiple infringement and related
litigations against Novell and other entities involved in the Linux project. See Frequently Asked
Questions, SCO GROUP, INC., http://www.sco.com/scosource/linuxlicensefaq.html (last visited
May 5, 2011). The most recent relevant judgment (which is pending on appeal) found that the
copyrights in dispute are owned by Novell. See Special Verdict Form at 1, SCO Grp., Inc. v. No-
vell, Inc., 721 F. Supp. 2d 1050 (D. Utah 2010) (No. 2:04-CV-139 TS), 2010 WL 2426012.
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in the same effort today — and are using the same foundation vehicle
— to create an open operating system (based on Linux, a descendant
of the Unix system) for the enterprise computing and smartphone
markets.

2. The Windows Model: Software as Semi-Closed Platform. — The
birth of the modern personal computer industry is often dated to a
transaction between IBM and Microsoft, wherein Microsoft agreed to
provide the MS-DOS operating system (crucially, on a nonexclusive
basis) for IBM’s new personal computer, launched in 1981. The re-
maining sequence of events is well known. IBM was unable to pre-
serve exclusivity over the PC, which became a commodity product
cloned by other firms. IBM then attempted to preserve exclusivity
over the new “premium” component, software, by developing the OS/2
operating system.°® After losing considerable market share to Win-
dows, the successor to MS-DOS, IBM largely conceded defeat in the
operating system market for desktop computing and ultimately exited
the PC market entirely in a sale to Lenovo in 2005.9° Microsoft re-
tained exclusivity over the Windows platform, which persisted as a
premium software product bundled with a premium microprocessor
product sold by Intel and with commodity hardware sold by many
firms. But Microsoft voluntarily forfeited a portion of its legal mono-
poly: as discussed previously, it released APIs to independent software
developers,'°° who developed applications that enhanced the value of
Windows relative to its competitors.’°? This giveaway was driven by
an implicit contract: Microsoft forfeited technology and support servic-
es to developer users, who generated complementary assets that sup-
ported platform value, thereby enabling Microsoft to earn revenues
from end users on the “other side” of the platform.!°?2 For Microsoft,
prudent altruism has paid off handsomely: controlled forfeitures have
enabled it to overcome the host’s dilemma and realize the network ef-

98 On this well-known history, see Gawer, supra note 58, at 62—63; and Henry W. Chesbrough
& David J. Teece, When Is Virtual Virtuous? Organizing for Innovation, HARV. BUS. REV,, Jan.—
Feb. 1996, at 65, 68—70.

99 See Lenovo of China Completes Purchase of I.B.M.’s PC Unit, supra note 47, at Cs.

100 See sources cited supra note 31; see also United States v. Microsoft Corp., 84 F. Supp. 2d o,
20 (D.D.C. 1999) (finding that outside developers had developed over 70,000 applications for
Windows).

101 Industry commentators claim that millions of applications have been developed for the
Windows system. See, e.g., Michael A. Cusumano, Platforms and Services: Understanding the
Resurgence of Apple, COMM. ACM, Oct. 2010, at 23.

102 Tt can even be argued that Microsoft engages in partial implicit forfeiture with respect to its
sales of Windows to end users, insofar as it charges a price well below the short-term profit-
maximizing monopoly price. See David S. Evans & Richard L. Schmalensee, Consumers Lose if
Leading Firms Arve Smashed for Competing, in DID MICROSOFT HARM CONSUMERS? TWO
OPPOSING VIEWS 97, 104 (David S. Evans et al. eds., 2000).
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fects required to recoup its investment (and much more) in the plat-
form and all extensions to it.

B. New Models

From the introduction of Windows in 1985 through the widespread
use of internet communications in the late 19gos, it would have ap-
peared that the semi-closed model Microsoft adopted had triumphed
over the mostly open model that had promoted adoption of the Unix
system. Microsoft set a uniform standard that governed virtually all of
the Intel-based computing market, while the Unix-based environment
stalled amid an excessive number of variants. During the past decade,
however, (at least) two hybrid organizational models have emerged
that obfuscate — or more precisely, further obfuscate — the distinction
between open and closed systems in the operating system market.
These models are (i) the open source development of operating systems
and other software applications (in part) by communities of volunteer
programmers and (ii) the open source development of operating sys-
tems and other software applications by commercial entities. Two di-
ametrically opposed motivations appear to drive these organizational
models: altruistic volunteerism in the former case and commercial
profit maximization in the latter. Closer inspection shows that these
models roughly converge upon a common range of organizational
forms: starting from different points of departure, both rely on some
combination of corporate sponsorship to generate funding streams and
nonprofit or other cooperative entities to manage and control core
technological assets. Moreover, as shown subsequently, paid develop-
ers employed or otherwise funded by corporate sponsors have substan-
tially eclipsed unpaid developers in their role on OSS projects. This
organizational convergence is consistent with theoretical expectations:
the underlying trade-off between platform forfeiture and control yields
overlapping organizational structures that transcend ostensible differ-
ences in profit-seeking or non-profit-seeking motivations.

1. The Open Source Model: Software as Semi-Open Platform. —
The open source model departs most dramatically from proprietary
software development through its uncompensated disclosure of source
code subject to minimal contractual limitations. This apparent devia-
tion from economic self-interest has attracted substantial attention
from academic researchers. That scrutiny has in turn identified a mix
of instrumentalist and noninstrumentalist motivations behind uncom-
pensated developer contributions, where reputational effects and in-
trinsic interest appear to play a strong motivating role and where ideo-
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logical motivations play a weak motivating role.'°®> The apparent ra-
tional choice puzzle posed by OSS is overstated in light of a few key
developments. First, in the case of Linux, the leading open source
project, “over 70% of all kernel development is demonstrably done by
developers who are being paid for their work,”'°* who have been
found to be the most productive contributors!® and are particularly
critical to the “core platform” components of open source projects.!°°
Second, some of the most successful open source applications follow a

103 See Rishab Aiyer Ghosh, Understanding Free Software Developers: Findings from the
FLOSS Study, in PERSPECTIVES ON FREE AND OPEN SOURCE SOFTWARE 23, 32—35 (Joseph
Feller et al. eds., 2005); Karim R. Lakhani & Robert G. Wolf, Why Hackers Do What They Do:
Understanding Motivation and Effort in Free/Open Source Software Projects, in PERSPECTIVES
ON FREE AND OPEN SOURCE SOFTWARE 3, 3 (Joseph Feller et al. eds., 2005) (noting that “en-
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and reputational incentives in the programmer market). It is worth noting that surveyed develop-
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given the “community ethos” of open source projects (something which the literature on OSS in-
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the relationship between programmer salaries in those regions. See David Lancashire, Code, Cul-
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http://firstmonday.org/htbin/cgiwrap/bin/ojs/index.php/fm/article/viewArticle/1488/1403. The (po-
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104 GREG KROAH-HARTMAN ET AL., LINUX FOUND., LINUX KERNEL DEVELOPMENT 10
(2009), available at http://www.linux.com/learn/whitepapers/doc/15/raw; see also JONATHAN
CORBET ET AL., LINUX FOUND., LINUX KERNEL DEVELOPMENT 13 (2010), available at
http://www.linuxfoundation.org/docs/If_linux_kernel_development_2o010.pdf.

105 See, e.g., Jeffrey A. Roberts et al., Understanding the Motivations, Participation, and Per-
formance of Open Source Software Developers: A Longitudinal Study of the Apache Projects, 52
MGMT. SCI. 984, 995—96 (2006) (with respect to the Apache server software project); Evangelia
Berdou, Managing the Bazaar: Commercialization and Peripheral Participation in Mature, Com-
munity-Led Free/Open Source Software Projects 139 fig.6-2, 154 fig.6-9 (June 2007) (unpublished
Ph.D. dissertation, London School of Economics and Political Science) (on file with the Harvard
Law School Library) (with respect to the GNOME and KDE user interface projects).

106 See DAVE NEARY & VANESSA DAVID, NEARY CONSULTING, THE GNOME CENSUS:
WHO WRITES GNOME? 21 & fig.q4 (2010), available at http://www.neary-consulting.com/
docs/GNOME_Census.pdf (reporting results of study on developer participation in the GNOME
user interface project and finding that “paid contributors do the lion’s share of [work] in the core
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