Cooper ative
Networ king

mericans often turn to each other for help. Early in the na-
tion's history, Americans were aready well known for
forming associations. Visiting the United States in the
mid- 1800s, Alexis de Tocqueville noted that:

... Wherever at the head of some undertaking you see the Govern-
mnt of Francc, or a man of rank in England, in the United States you
will be sureto find an association. *

Although cooperative action is instinctive for Americans, it
often requires encouragement and, at times, a decisive push.
People may not know of others with common interests, and when
they do, efforts may be needed to establish a basis for trust. Or
people may fail to cooperate because they are unaware of com-
mon solutions to their problems. Often the costs of cooperating
may seem too high and the benefits too uncertain. Similarly, the
cost of cooperative for an individual may not reflect the larger
group benefits to be gained, so everyone holds back.’

The government may serve as the catalyst for cooperative ven-
tures, especiall y when major social benefits are at stake. Govern-
ment might provide information and expertise, broker relation-
ships among actors, or extend limited, temporary financial
support. The cost of such intervention will generally be small

P Alexis de Tocquevitle, Democracy in America (1963 ed.), p. 110. For a comparative
perspective, see Robert Wuthnow (ed.), The Voluntary Sector in Comparative Perspective
(Princeton, NJ: Princeton University Press, 1991).

2 For a discussion of group formation, see Mancur Olson, The Logic of Collective Ac-
tion: Public Goods and the Theory of Groups (Cambridge, MA: Harvard University Press,
1973). For adiscussion of the motives for cooperation, see Robert Axelrod, The Evolution
of Cooperation (New York, NY: Basic Books, 1984).

If small and medium-

sized businesses are to

share the benefits of
cooperative research
ventures, government
may have to become
more active on their
behalf.
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compared with the potential gains. Policies based
on such a strategy are also in keeping with the
American preference for private, pluralist solu-
tions.’ By supporting cooperate private sector ef-
forts, the chances are less that government action
will interfere with the market.

Communication-related, networked activities
are suited for this kind of government support. Be-
ing interdependent, net works require cooperation.
Cost-sharing is often necessary because network-
ing is capital intensive. In addition, although fi-
nancial support may be needed in the early stages
of network development and deployment, its need
is limited because networks are general 1y self-sus-
taining once they reach a critical mass. A humber
of policies based on a cooperative strategy might
be adopted to provide for versatile and open net-
works, as well as widespread deployment and eq-
uitable access.

OPTION A: Foster the Development of
Cooperative Networking Services To
Support Electronic Commerce
Traditional regulatory policies may prove inade-
guate in assuring the rapid, even, and ubiquitous
deployment of advanced networking technolo-
gies. Some form of demand pooling, cost-sharing,
or cooperative arrangement among users may be
required. Government could support such efforts
in a variety of ways.

Some industrywide organizations already op-
erate cooperative joint networks. The insurance

industry, for example, supports a number of coop-
erative efforts. The 10-year-old Insurance Value
Added Network Services (IVANS) is a nonprofit
organization that links agencies and property/
casualty companies to promote efficient, low-
cost, insurance-related electronic communica-
tions.’Over the past 10 years, members and
subscribers have saved more than $72 million on
voice and data communication services based on
discounts of up to 48 percent. Even greater sav-
ings are expected in the future as the network
expands to include the life/health insurance busi-
nesses. A second network, RINET (the reinsur-
ance and insurance network) operates globally to
foster the development of international electronic
data interchange (EDI) standards for reinsurance,
and to provide EDI service support for its mem-
bers. RINET members are able to reduce their EDI
costs by taking advantage of centralized resources
that are specifically designed to meet the needs of
awide range of users with different levels of ex-
pertise. American subscribers are also eligible for
rate reductions through IVANS’

Firms in the textile industry are cooperating
among themselves and with the federal laborato-
ries to develop industrywide networking. In
March 1993, leading firms from the textile/appar-
€l industry joined with eight Department of En-
ergy (DOE) laboratories to create the American
Textile Partnership (AMTEX), a Cooperative Re-
search and Development Agreement (CRADA) as
provided for under the Technology Transfer Act of

3In the United States, the support for voluntary, private sector associations was reinforced by a general suspicion of the state and preferences
for market-based solutions. Although these values were often supported more by rhetoric than practice, they were greatly popularized by the
progressive movement, which had its heyday in the late 1800s just at the moment when industrialization was primed to take off. Whereasin
many other countries government actively sponsored the growth and development of business, in the United States industrial development was
managed, directed, and financed primarily by the private sector. See, for discussions, Annemarie Hauch Walsh, The Public’s Business: The
Politics and Practices of Government Corporations (Cambridge, MA: The MIT Press, 1978), pp. 25-26; and David Vogel, “Government-Indus-
try Relations in the United States: An O\ erview, * in Stephen Wi 1ks and Maurice Wright (eds. ), Comparative Governmenti-Industry Relations
(Oxford, UK: Clarendon Press, 1987), ch. 5.

4gee Charles ¢ Ashley, “Iv ANS: A Vigorous Decade, « Begr's Review, May 1993, pp. 67-72.
SRINET isalsolinked , the Brokers and Reinsurance Markets Association, the Reinsurance Association of America, and the LondonInsur-

ance Market Netw ork through Joint Venture, an in itiative that seeks to develop a common set of standards for the transmission of reinsurance
information based on the U. N. Electronic Data Interchange for Administration, Commerce and Transport (EDIFACT) conventions. Rl NET
will work with | VANS in the United States to implement these standards. See Kathrine Huelster, “ED] Initiative Launched for Reinsurers and
Brokers,” Best’s Review, May 1993, p. 68.



1986.°One of the five undertakings included in
this collaborative venture is the Demand Acti-
vated Manufacturing Architecture (DAMA) proj-
ect. This project will use the expertise, technolo-
gy, and demonstration/prototyping capabilities
available in DOE’s national laboratories to de-
sign, develop, and implement an information
technology infrastructure for the 26,000 compa-
nies comprising the textile industry. Using this
network to share and access industrywide produc-
tion and sales data, the industry hopes to enhance
its competitive position in the global market-
place.” The federal laboratories are considered es-
sential to the program not only because of their ex-
pertise, but also because they are nonpartisan,
allowing an industrywide focus. In addition, the
project will benefit from $25 million in funding
from DOE.

Several major banks are also taking advantage
of the opportunity to establish CRADASs with the
federal laboratories.’ Through the Financial Ser-
vices Technology Consortium, a nonprofit orga-
nization that includes a number of universities,
these banks will collaborate with four major labo-
ratories to develop standards and technologies to
support online banking. Priority items include
network security and the response-rate and band-
width issues associated with large-scale file trans-
fers. For banks, the cost of participating is
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$30,000. Project funds will be matched by federa
funding.’

To date, small and medium-sized firms have
benefited far less from these kinds of collaborative
initiatives. These businesses often lack the finan-
cial and administrative resources and leadership
necessary to rally participants, locate the exper-
tise, package a project proposal, and pilot it
through the appropriate channels to gain govern-
ment approval. Even large businesses, for exam-
ple, have found that the road to a CRADA is costly
and paved with bureaucratic obstacles. *More-
over, with the laboratories' focus on advanced
technology applications, they may be unsuited to
meet small businesses most pressing needs.
Small businesses may also have less incentive to
work together than large ones, Because there are
fewer to share the rewards. a few large businesses
are more likely to see a return on their invest-
ment—and hence take action—than are many
small businesses.

If small and medium-sized businesses are to
gain the benefit of collaborative networking. in-
centives and brokering will be required. In some
cases, large firms within an industry can provide
sufficient leadership. However, where the sharing
of proprietary data is involved and there is a poten-
tial for small firms to become “locked into” a net-

*Included in the industry consortia, for example, are Cotton Inc., (TC)?, and the National Textile Center. For discussions. see Jack Schultz,
“ALook a AMTEX, " Stores. May 1993, p. 10."AMTEX Announces First Funding and Project,” Textile World v o). 1 43, No. 9. September
1993, Lawrence A, Christiansen., Jr., "CWP. QR and now AMTEX,” Textile World, vol. 143, No. 4, April 1993, p. IS.

"The proposed tasks include 1) developmentof the [~ erall concept and vision for the industry’s demand-activ ated manufacturing architec
tre: 2) dev elopment and implementation of a communication infrastructure to serve as the backbone: 3) definition andimplementationof in-
dustry access tools; 4) definition and implementation of industry analysis tools; 5) definition and implementation of an “industrywide™ model:

and 6) public outreach to the industry.

“Among the banks are Citibank, Chase Manhattan, Chemical Bank, Bank of Boston, Bank of America, Huntingdon Bancshares of Colum
bus. OH, and Nationsbank of Charlotte, NC. The labs participating include Lawrence Livermore, Los Alamos. Sandia, and Oak Ridge National
Laboratories. See “Banks Eager To Participate in Interactive Information Highway,” Meal/a Week, Jan. 19, 1994, p. 8.

? 1bid.

10 gee. for a discussion, U.S. Congress, Office of Technology Assessment, Defense Conversion: Redirecting R&D, OTA-ITE-552 (Wash-
ngton, DC (. S. Government Printing Office, May 1993), esp. ch. 4. Asthe OTA study pomtsout ~Though there are no goodstatistics on how
long it takes to puta CRADA into vperation, nearly everyone involy ed, inside the agency and labs and in the private sector, agrees that the

process has been much oo slow,especially early tin.” 1bid.. p. 107.

T Olson, op. cit., footnote 2
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work, working through a third party may be pref-
erable.

To help small businesses establish better com-
mercial networking arrangements, the govern-
ment could set up a program modeled after the Ru-
rd  Electrification  Administration  (REA).
Established in 1935 under the Roosevelt Admin-
istration, the REA was designed to help extend
electricity to rural areas by providing low-cost
loans to local electrical cooperatives. Although
the government first sought to encourage private
and municipal utilities to provide such service,
these groups continued to bypass rural areas, ex-
plaining that demand was too low and the techni-
cal problems too high. The REA, in contrast,
proved quite successful in achieving the goals of
universal, high-quality service and rapid deploy-
ment at low rates. Although fewer than 12 percent
of all farms had electricity in 1935, by 1959, 96
percent were equipped. Few rural cooperatives de-
faulted because usage rose so quickly.

Having completed its mission by the late
1940s, the REA assumed the task of deploying
telephones to rural areas, which were still largely
unserved at the time. 12 BY providing low-cost
loans and technical support, the REA was able to
achieve high-quality, state-of-the-art telephone
service, working mainly with the “independents. ”
REA pioneered technology to reduce the size of
wire, itsinstallation cost, and its vulnerability to
lightning and icing. REA borrowers replaced
party lines with one-party service. Rates were
standardized and comprehensive “area’ coverage
was provided. By 1980, 94 percent of all rural
househol ds had telephone service.

Adapting this model to current needs, the gov-
ernment might establish a program to support the
pooling and sharing of networking resources
among small and medium-sized businesses that
lack the financial and technical wherewithal to
fully benefit from electronic commerce. Taking
advantage of the flexibility inherent in networking
technologies, such a program could support virtu-
al small-business communities rather than geo-
graphically based rural areas. “At a minimum, a
government program might assist business-users
in pooling their demand for services to reduce
their costs and enhance their market power. Or, it
might provide assistance in developing nonprofit
third-party providers catering to small-business
needs and/or the establishment of small-business
service cooperatives. On an even greater scale, a
cost-sharing program could link technology de-
ployment and technology transfer, helping small
and medium-sized businesses to set up shared net-
works and networking services and use them to
their economic advantage.

Such a program might be administered under
the auspices of the Department of Commerce's
National Institute for Standards and Technology
(NIST) through the seven regional Manufacturing
Technology Centers (MTCs) (see box 6-1 in chap-
ter 6 ) and the Manufacturing Outreach Centers
that were established under the 1988 Trade and
Compsetitiveness Act. These centers, which are
supported by federal, state, and private funds,
were designed to assist small and medium-sized
businesses by providing them with technology
analysis, information, and access to management,

12| egstation permittINg REA to Play sucharole wasfirstintroduced in Congress in 1945, w here there was considerable support. However,
strong opposition from the independent telephone companies and private utilities prevented its passage. A compromise bill was passed n1949
al lowing REA to form rural telephone cooperatives as had been used in rural electrification, but charging them to give the *“independent” tele-
phone companies [he right of first opportunity. Asit turned out, most REA loans went to the independents. Some telephone cooperatives were
also undercut by Bell companies, which moved quickly to offer modem services in contested areas.

13Don F. Hadw iger and Clay Cochran,

“Rural Telephones in the United States,” Agriculture History, vol. 58,1 984, p. 232,

14U.S. Department of Agriculture, RuralElectrification Administration, A Bricf History of Rural Electric and Telephone Programs (Wash-

ngton, DC: USDA, REA,1989), p. 7.

| SFora discussion of how this concept might be appl ied to rural areas, see U.S. Congress, Office of Technology Assessment, Rural America
atthe Crossroads: Nehworking for the Future, OTA-TCT-47 | (Washington, DC: U.S. Govemment Printing Office, April199 | ).



financial, marketing, and training services, With
their expertise in manufacturing, telecommunica-
tions networking, and business, the regional
MTCs are well situated to carry out such a pro-
gram. They are also linked electronically so they
can operate, and draw on other resources, on a na-
tionwide basis. The funding for such programs
might well be available because the federal budget
for these manufacturing outreach programs is
dated to increase from $32.2 million in fiscal year
1994 to $90.2 million in fiscal year 1997.°

Although a government-sponsored networking
program for small and medium-sized businesses
would promote technology deployment and small
business development, it would not be equally
well received by all. In the past, private and mu-
nicipal electric utilities and independent phone
companies viewed REA as a threat; today, value-
-added network service providers might react to a
similar program in the same way. Large busi-
nesses that partner with small businesses might
also be opposed. Large business can generaly call
the tune; for example, they have sometimes made
doing business contingent not only on the use of
electronic data interchange or computer-inte-
grated manufacturing, but also on the use of a pre-
ferred value-added network provider. By linking
smaller firms into their own networks, large busi-
nesses are often able to exploit the combined
transactional data to their sole advantage. If small
and medium-sized businesses were served by pro-
viders that were especially attuned to their needs,
they might be able to strike better bargains for
themselves.
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OPTION B: Provide Greater Incentives and
Support for Cooperative
Standards-Setting Efforts

Standards are essential to the open access and
seamless interconnection required for electronic
commerce. To promote these objectives, the gov-
ernment might play a greater role in fostering the
cooperative development of standards. Govern-
ment can undertake standards research, identify
critical standards, help to lay out a standards agen-
da, create appropriate incentives, and, when nec-
essary, provide financial support,

Standards are generally established in three
ways. They are set in the marketplace on a de facto
basis, developed through consensus in formal
standards-setting bodies; or established through
administrative or regulatory processes. Each
process has its unique strengths and weaknesses.
and each is more effective in some circumstances
than others (see box 4-1).

For many electronic commerce standards, the
voluntary consensus process will work best. By
reducing transaction costs and facilitating in-
formation exchange, standards organizations can
often outperform the market in coordinating stan-
dards activities, “ Such an outcome can be ex-
pected when—as in the case of many networking
and product data exchange standards—there are
significant network externalities; there are re-
peated interactions among the players involved;
the level of uncertainty is high: and information
exchange is complex (see box 4-2). “Consensus-
based processes are generally more effective than

‘BW'11 1 Lepkow ski, “NIST Accelerates Its New Mission Under First Woman Director,” Chemical and Engineering News, Sept. 6.1993,p.

20.
17g ¢ Junathan A, Morel letal.

' “Improving the Deployment of Open System Technology: Lessons From the Manufacturing Automation

Protocol.” Industrial Technology Institute, Ann Arbor, M1, Sept. 17, 1992.

I®Economace research and analysis on standards and past experience suggest that this market approachismostlikely to resultin standardiza-
tion \ hen all interested parties 1) prefer the same standards, 2) have something positive to gain from standardization: and 3) hav ¢ adequate
informationaboutthe intent of other parties. This optimal situation occurs only rarely, howey er. See Stanley M. Besen and Garth Saloner, “Com-
patibility Standards and the Market for Telecommunications Services,”™ The Rand Corp.. February 1988; and Stanley M. Besen and Letand L.
Johnson, “Compatability Standards. Competition, and Innovation in the Broadcast Industry,” The Rand Corp., November 1986,

19See Oliver E. Williamson, Markets and Hierarchies: Analysis and Antitrust Implications (New York, NY: The Free Press. 1975)
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BOX 4-1: Standards Universe: Type of Standard by Goals

FIGURE 4-1: Type of Standard by Goals

The three kinds of standards and three kinds of standards processes can be paired to form a matrix
that scopes the standards universe and the standards-setting process (see figure 4-I),

Standardization . Process/
. Control Product/quality . .
mechanism interoperability
De facto Warner-Amex VCR standards Language customs
database- privacy
standards Bills of Iadlng
Computer interface
standards
Regulatory Auto safety NSA encryption Open network
regulations standards architecture
standards
Fuel economy Department of
standards Agriculture ETSI standards
for European
Product classification telecommunication
standards standards
Voluntary Standards for Refrigerator Map-top protocols
consensus medical devices standards for OSI/ standards
process
Pressure vessel Standards evolving
standards legislation
Petroleum standards Electronic data
interchange
standards

SOURCE Office of Technology Assessment, 1994

(continued)
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BOX 4-1: Standards Universe: Type of Standar . ,

STANDARDIZATION PROCESSES

De Facto Standards-Setting Process De facto standards are set in the marketplace through the
process of exchange They evolve from the bottom up, in accordance with the forces and mechanisms
that drive the market When the market operates effectively, appropriate standards will emerge at the
right time through the process of supply and demand Producers will agree on the “best” standard for
the product in the face of competition from other suppliers and the demand of users Producers may
press for the adoption of their own standards Or they may select strategically from among other com-
peting standards evaluating each in terms of its potential impact on the costs of production profitabili-
ty and market share Users will demand standards that reduce purchasing prices, Improve utility, and
are easily integrated with other products and systems

Regulatory Standards Processes Standards can be mandated from the top down as a result of polit-
ical choices Standards might be set In the political arena for a number of reasons For example if the
market structure for standards-setting i1s uncompetitive, economic outcomes will be inefficient Some
market decisions might fail to Incorporate or account for environmental, safety, and other social externa-
lities In some cases standards decisions entail conflict of values and policy tradeoffs Their resolution
may require a broad-based consideration of values Timeliness may also be a factor

Voluntary Consensus Process Standards can also be set through organized negotiation processes
that reduce transaction costs and facilitate Information exchange among key players Such processes
can provide for better coordination than the market when levels of uncertainty are high when there are
frequent recurring exchange activities among the parties, and/or when Information exchange is com-
plex People participate in the voluntary standards-development process for a number of reasons They
may for example want to Influence the development of standards, or they may simply want to keep
abreast of technological developments

SOURCE Off Ice of Technology Assessment 1994

government efforts to set standards. Organized The formal, voluntary. consensus-based stan-
and carried out by private sector players with ma-  dards process is not, however, devoid of serious
jor stakes in the outcome, they are more attunedto ~ problems, especially in the case of information
market forces and, hence, will more readily havea  networking technologies.” Relying on the slow
real impact. * There is also a strong preference in -~ and often arduous process of consensus-building,
the United States for consensus-based standards- standards bodies have generally failed to keep
setting, which is reflected in a long historical pace with the rapid advances in communication
tradition and reaffirmed in recent public policy.”

20For a discussion emphasizing the need to incorporate business needs, see “Standards Development for Information Technology: Best
Practices for the United States,” summary of workshop deliberations, sponsored by the National Institute of Standards and Technology and the
Industrial Technology Institute’s Center for Electronic Commerce, November 1993.

2 Most recently, this preference was reatfirmed, for example, in the 1979 Trade Act, which formally recognizes the private sector’s role in
standards development, and in the Office of Management and Budget (OMB) Circular A-119, which directs federal agencies to use voluntary
standards wherever possible in both regulatory and procurement activities. In both instances, however, the federal government retains the right
to assume a greater role when necessary.

2For an overall description and general critique of the U.S. standards-setting process, see U.S. Congress. Office of Technology Assess-
ment, Global Standards: Building Blocks for the Future, OTA-TCT-512 (Washington, DC: U.S. Government Printing Office, March 1992),
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BOX 4-2: The National Initiative for Product Data Exchange (NIPDE)

As manufacturers use computer networking to integrate their internal operations and link up with
suppliers and customers, they are faced with numerous incompatible ways to exchange information
about products, Product Data (PD) describes every aspect of a product related to its design, analysis,
characteristics, and support. Incompatibilities exist because of the many ways in which products are
described. For example, a simple circular part can be described equivalently by its radius, diameter,
circumference, or even its area. This means that different manufacturing systems cannot readily ex-
change data,

Product Data standards are a critical component of operations and commerce in the manufacturing
sector. Increasingly, teams of geographically dispersed engineering, manufacturing, and service firms
must work together to design, manufacture, and support products, Incompatible PD systems lock cor-
porations, large and small, out of profitable national and international collaborations because of the ex-
pense and time penalties involved in translating the data Using a single PD standard would best facili-
tate the flow of information and enable manufacturing techniques such as concurrent engineering and
computer integrated manufacturing (CIM)

The problem of coordinating agreement for a single PD standard, however, is immense because of
the many levels at which incompatibilities exist—between individuals, departments, corporations, in-
dustries, and countries, The problem is generally that corporations have sunk costs in computer ap-
plications that may be difficult or impossible to convert to new PD standards

In the United States today, there are at least 400 ongoing product data standardization, implementa-
tion, and education efforts underway, accounting for $50 million to $70 million of annual corporate and
government expenditures, The National Initiative for Product Data Exchange (NIPDE), an Industry -led,
government-facilitated partnership between the private and public sectors, was set up to coordinate
this activity *Industries such as aerospace, automotive, electronics, textiles, shipbuilding, and
construction are heavily involved. Activities largely concern the emerging international standard, the
Standard for the Exchange of Product Model Data (STEP)

The government plays two roles in NIPDE The Department of Commerce’'s NIST acts as a broker
and facilitator of the standards and coordination processes by providing a headquarters and adminis-
trative services In addition, a number of government agencies act as stakeholders in partnership with
other NIPDE members Because government is both a direct stakeholder and a representative of the
public interest it has assumed these two roles Industry, faced with coordinating such a vast undertak-
ing, instigated NIPDE and subsequently has worked effectively with government agencies *With some
exceptions, industry generally acknowledges the leadership role that government may be called on to
play in the international arena

' Members include, for example, Boeindigital Equipment Corp General Motors, IBM, Martin Marietta Westinghouse, the De-
partmentsof Commerce, Defense, and Energy, NASA, CALS Industrial Steering Group, Auto Industry Action Group, STEP Tools)nc,
PDES Inc Electronic Industries Association, the Industrial Technology Institute, the Institute of Electrical and Electronic Engineers,
IGES/PDES Organization of the U S. Product Data Association, Petrotechnical Open Software Corp , Microelectronics and Computer
Technology Corp , National Center for Manufacturing Sciences, and the Society of Manufacturing Engineers

2 importantly, the Implementation plan for NIPDE called for no new independent watchdog organization Also, NIPDE unlike other

national initiatives, 1s a limited term (3-year) initiative slated to end in February 1995

SOURCE Private communication, Merrill Hessel, Deputy General Manager of the National Initiative of Product Data Exchange, Na-
tional Institute of Standards and Technology, March 1994




and information technologies. To encourage
agreement, make allowances for technology
change, and facilitate interoperability among an
increasing number of interdependent parties, net-
working standards are often incorporated in elabo-
rate reference models and defined in overly broad
and generic terms” (see box 4-3). Thus, even after
standards have been formally set, users still have
to specify the particular uses to which these stan-
dards will be applied; vendors have to implement
compatible technologies that meet standards and
specifications; and products need to be certified as
to their compatibility with one another.” The
process can be so complex and time-consuming
that the window of opportunity sometimes closes
and those standards are overtaken by new technol-
ogies and events (see box 4-4).

Discouraged by the lagging process, many ven-
dors and users have begun to circumvent the tradi-
tional standards-setting process by developing
standards consortia.® Operating in a relatively
closed environment, these groups are said to have
greatly simplified the standards process. Unlike
traditional standards organizations, consortia are
not bound by rules guaranteeing openness and
consensus. In fact, so long as consortia remain
within the bounds of antitrust law, they are free to
set up their own requirements for membership and
publication. Membership is generally restricted,
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and fees can reach as high as $650,000 per year.”
Given such exclusivity, consortia often replicate
the dynamics of the market.” Instead of consen-
sus, they can lead to competing vendor alliances,
each supporting a different standard. In such
cases, consortia may serve to reduce the total
number of technology alternatives, but they offer
little in terms of developing open systems.

One standards body that stands out for its suc-
cess in achieving both openness and speed is the
Internet Engineering Task Force (IETF), respon-
sible for developing standards for the Internet**
(see box 4-5). The IETF's open process owes
much to the Internet unique history. Like the net-
work itself, Internet standards evolved in a very
informal way as part of the efforts of the Defense
Advanced Research Projects Agency (DARPA) to
establish computer networks linking researchers
across the country. The original participants were
few and were bound together by a common re-
search purpose. As described by one participant:

RFCs (Reguests for Comments) were explic-
itly viewed as working documents to be used
within a relatively small community. They
ranged from casual ideas to detailed specifica-
tions and from expressions of operations con-
cerns to whimsical fantasy. If an idea seemed at-
tractive, an individual might spontaneously
specify a protocol or a group might meet to dis-

23These Standards are refereed 1o as anticipatory standards because the process of setting the standard anticipates the creation Of the product.
See, for adiscussion, Carl F. Cargill, Information Technology Standardization: Theory, Process, and Organizations (Cambridge, MA: Digital
Press, 1 989).

bid.

23Vendor corsortia have been established, for example, to set standards for Switched Multimegabit Data Sew ice (s MDS), Fiber Distributed
Data Interface (FDDI) over twisted pair, asynchronous transfer mode (ATM), and frame relay technologies. The maor user consortia include
the Corporation for Open Systems (COS), Manufacturing Automation Protocol (MAP), and the Technical Office Protocol (TOP). For adiscus-
sion, see Martin Weiss and Carl Cargill, “Consortia in the Standards Development Recess,” Journal of the American Sociery for Information
Science, September 1992, vol. 43, No. 8, pp. 559-565.

26]bid., p. 560.

“As described by Weiss and Cargill: “ Application consortia are usually the creation of a group of vendors who want to use collective action
to accomplish a result that cannot be agreed to in an SDO [Standards Development Organization], due to conflicts, options, or basic disagree-
ments on the nature or intent of the technology being standardized. On occasion, aconsortium isformed by a group that is trying to avoid the
standards process and go directly to market with aproduct.” Ibid., p. 261.

2The Internet Activities Board, which manages the Internet, established the TETF in 1989 to “provide near-term solutions to technical diffi-
culties in Internet operations and to develop near-term enhancement for the Internet.” D. Crocker, “Making Standards the IETF Way,” Standard-
View,vol. 1, No. 1, September 1993, p. 50.
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BOX 4-3: OS| Reference Model
FIGURE 4-2: 0S| Reference Model
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sentation), which support the Physical and physically transfers Physical
messages between nodes

exchange of information between
end systems using data transfer
facilities provided by the trans-
port service, and

layer 7 the applications layer,
which provides for interworking
between applications processes
in end systems

H

Physical link

SOURCE National Institute of Standards and Technology (formerly Nalicnal Bureau

of Stand. ards}

0S| standards are International in scope and are being developed by the Joint Technical Committee 1 (JTCI)
of the | SO and the International Electrotechnical Commission (I EC)

SOURCE Othee of Technology Assessment, 11994
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BOX 4-4: Integrated Services Digital Network

Integrated Services Digital Network (ISDN) is apublic switched service that allows the digital transport of
voice, data, and image communication over a single network Although originally lauded for its ability to provide
advanced services on a ubiquitous basis over the public network, its prospects seem much less promising
today After 10 years of development ISDN is still not widely deployed

ISDN's poor showing isthe result in part, of Ineffective marketing, regulatory barriers, and poor pricing *
However, these problems might have been more easily overcome had it not been for the problem of interoper-
ability Like all networking technologies, ISDN required a critical mass for the market to take off but such a
market could only develop if vendors” systems could Interconnect. However, the momentum to create the requi-
site standards for Interconnection was lacking, given the competitive environment.

Notwithstanding years of considerable effort to develop ISDN standards, vendors continued to create
products that, although they were said to conform to these standards, were Incompatible Even when
AT&T, Northern Telecom Inc , and Siemens Stromberg-Carlson agreed to modify their switches to conform
to a single standard, the Regional Bell Operating Companies (RBOCs) continued to deploy ISDN at vary-
ing rates Even Bellcore's effort, ISDN1—which sought to produce a standard basic rate Interface proto-
col—was a disappointment Within a week of Transcontinental ISDN Project Trip 92, a major industry-spon-
sored event designed to demonstrate coast-to-coast ISDN interoperability two RBOCs----Southwestern Bell
and U S West—announced that they would not, in fact, adhere to the new standard

! Focusing on the technology rather than on applications the RBOCs had a difficult time convincing users that ISDN was some-
thing they wanted Initially they focused their marketing efforts on large users But these users wanted more functionality so they
looked to alternative technologies and either buiit their own private networks or leased fines from alternate providers More recently
the RBOCs have begun to concentrate on small businesses where their real market may lie Pricing also presented theclassic chicken
and egg problem As long as the market remained underdeveloped prices were too high Divergent stale regulatory policies also
served as a barner because they undermined the whole notion of ubiquitous service

SOURCE Off Ice of Technology Assessment 1994

cuss it further. If a protocol seemed interesting,
someone implemented it, and if the imple-
mentation was useful, it was copied to similar
systems on the net.”

cause formal membership does not exist, conflicts
are resolved on an informal basis without voting.
Such an approach depends on maintaining the in-
tegrity and legitimacy of the process, aswell asa
shared sense of “good will .”"*

This open process does not occur at the expense

Although the Internet has subsequently grown
by leaps and bounds (recently estimated to com-

prise about 40,000 networks and 30 million users
worldwide), the IETF has held to its tradition of
openness and inclusivity. There are, for example,
almost no financial barriers to participation, since
standards forums are conducted online. In addi-
tion, access to standards and standards-related
materials—also provided online—is free. Be-

of timeliness. For example, electronic delivery
greatly improves response time. Timeliness also
is achieved by limiting the standards agenda to
specific problems requiring immediate solutions.
Equally important, the IETF process avoids the
implementation and conformance-testing prob-

291 1d, For a full description of the standards process, see also A.L. Chapin, ““The Internet Standards Process ” RFC131 (). Internic (AT&T)

(admin@ds intermic.net ). March 1992,

1 hid.
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BOX 4-5: The Global Internet, the World's Largest Internetwork

An internetwork is a computer network of inter-

FIGURE 4-3: Growth of Networks Connected

connected computer systems and networks that can
to the Internet

seamlessly communicate, The Internet isthe U.S.
portion of the largest such global internetwork, esti-
mated to have about 30 million users in more than
146 countries (electronic mail connectivity). The
global internetwork has many names such as the 20,000 - D Networks in the U.S.
Global Internet, the Net, the Matrix, or Cyberspace.

In 1993, more than 20,000 networks (2,5 million com- 15,000-

25,000

| Networks outside the U.S.

puters) worldwide comprised the Global Internet
(see figure 4-4). The current estimate 1s over 30,000
networks

The story of the Internet begins in 1969 with AR-
PANET, the first wide area network (WAN) that was a 5,000-
project of the U.S. Department of Defense’'s Ad-
vanced Research Projects Agency. ARPANET was a 0 _—I——’:‘-——" : :
defense prototype to demonstrate uninterrupted 1988 1989 1990 1991 1992 1993
communications with packet switching technology,
as might be necessary during wartime, The story
continues in 1985 with the Installation by the National
Science Foundation (NSF) of a new national back-
bone (i.e. , ahtgh-capacity link between regional net-

10,000-

SOURCE Internet Society, 1993

works) For several years, the Internet primarily served the information, computing, and communications
needs of scientists and engineers, The first applications were remote use of computers, file transfers, and elec-
tronic mail (e-mall)

Since 1985, NSFs open interconnection policy has catalyzed network expansion beyond defense and re-
search networks to Include government, education, and commercial networks, and beyond the United
States to include the whole world. This expansion was fostered by an established transmission protocol, the
Internet Protocol (1P), that all new entrants agreed to use (72 countries now have full IP backbone connectivity)
Today, there are many IP internetworks in addition to those that comprise the Global Internet While most Global
Internet networks are research networks, the bulk of IP internetworks, in general, are commercial (see figure
4-4).

Today, large on line Information databases—such as the Library of Congress card catalog and the Security
and Exchange Commission’s EDGAR database—and database search tools, such as Archie, Veronica, Go-
pher, World-Wide Web (WWW), Wide Area Information Servers (WAIS), and Mosaic are available and their use
is Increasing precipitously During March 1994, the Internet Society recorded astounding new traffic records
Traffic on the NSF backbone alone Increased 20,7 percent for a total of 11.226 Terabytes (1 Terabyte = 1012
bytes) Use of the Gopher and W search tools increased 17.6 and 32,9 percent, respectively.

Altogether there are thousands of individual applications running on the Internet and dozens of ap-
plication categories (groups of similar applications). The sIx most used applications, in terms of percent of
total bytes of traffic in March 1994 on the NSF backbone, are the Gopher and WWW search applications
(3 4 and 37 percent, respectively), telenet remote computerese (5 percent), smtp electronic mail (7 per-
cent), netnews news service, (9 percent), and ftp file transfer (37 percent)

(continued)
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BOX 4-5: The Global Internet, the World's Largest Internetwork (Cont'd.)

In the future more growth can be expected, most of it from new commercial traffic Business applications
such as electronic data Interchange (EDI) are newly available, and prototype commercial networks such as
Commercenet in Silicon Valley, CA, are being developed. This change in orientation from research to commerce
will present new challenges, but has the potential to turn the Internet into the nation’s premier economic re-
source, serving government, academia, and Industry.

SOURCE Private commumication, Anthony M Rutkowski, Executive Director, The Internet Society, Reston, VA, April 1994

FIGURE 4-4: Uses of Internet Networks and IP Internets ‘

IP Networks, July, 2 1993 Internet Networks, July, 21993
9% 7%

44”10

5310

[ ] Research (including commercial) Defense B&B Government
{:j Commercial

Educational

SOURCE Internet Society 1994

lems associated with anticipatory standardsjernet standards are—in contrast to many antici-
before becoming a draft standard, all specifica- patory standards—timely and put to immediate
(ions need to be implemented and demonstrated to  productive use.

be interoperable. Similarly, to become a full stan- The challenge for the IETF—and the ultimate
dard, a draft standard must be field-tested andest of its usefulness as a model for other standards
proven capable of maintaining a community of in- development efforts—will be to sustain this proc -
terest over time. Given this iterative process, In-€ss as the Internet becomes more complex and the
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number and diversity of its participants
increase.” Many of its past successes can be at’
tributed to the unflinching efforts of a small num-
ber of dedicated individuals working together to
achieve common goals. Government funding has
also been critical; because government has no fi-
nancial stakes in the outcome, standards can be
distributed widely and gamesmanship kept to a
minimum. As the Internet expands to incorporate
new users with decidedly commercial agendas,
and to the extent that it becomes increasingly de-
pendent on these players for financial support, it
will have to deal with more and more issues simi-
lar to those faced by traditional standards bod-
ies. 32

Drawing on the experiences of the Internet, as
well as those of other voluntary standards-devel-
opment organizations. there are four specific areas
that, for the purposes of electronic commerce,
would likely merit and benefit from greater feder-
al support: 1) sponsorship of open standards de-
velopment; 2) standards dissemination; 3) broad-
based standards efforts; and 4) support for
ongoing trials to test for conformance.

| Sponsorship of Open Standards
Development

Vendors try, where possible, to avoid open stan-
dards. As a result, some of the most important
open standards have been developed by those who
have little or no proprietary interest in them. For
example, the operating system standard, UNIX,
was developed at Bell Labs at a time when they
were prohibited from selling computers, and the

networking standard Transmission Control Proto-
col/Internet Protocol (TCP/IP) was the result of a
government research effort. Having nothing to
gain by withholding, these standards' developers
were quite willing to disperse them liberally.*In
similar fashion, to foster openness and interoper-
ability where they are considered essential for
€l ectronic commerce today, the government may
want to limit the proprietary gains to be made by
sponsoring cooperative standards efforts among
competing vendors to support standards develop-
ment.

| Standards Dissemination

The high cost of standards can be an important
factor affecting their dissemination and use. In the
cases of UNIX and TCP/IP standards, for exam-
ple, rapid dissemination can be attributed, in part,
to their relatively free distribution. Similarly, the
general lack of appeal of open systems intercon-
nection (0Sl) (see earlier discussion) is due in part
to its high price, especially compared with that of
its chief rival—TCP/IP. Equally important, early
standards choices based on cost can have signifi-
cant long-term results. Because networking stan-
dards are—like networks themselves—highly in-
terdependent and subject to externalities, their
adoption requires a critical mass of users. Once a
given standard has gained a critical mass, aterna-
tive standards may no longer be able to compete.
To foster the deployment of open standards, there-
fore, the government may choose to support and
perhaps even subsidize their widespread disse-
mination, especially early on. One way in which

31 As described by Chapin: ~The rapidly expanding market for hardware, software, and services inspired by the Internet and its technology

has attracted the attention and investment of the world's largest companies, The financial consegquences to these companies of decisions that
affect the course of Internet evolution will be enormous. It is naive 1o imagine that they will leave those decisions entirely in the hands of engi -
neers—notwiths tanding the extent to which the present Internet’s success is due to the strong preference of those engineers for decisions based
on technical merit rather than economics.” A. Lyman Chapin, “The State of the Internet, “ Telecommunications.vol. 28, No. 1, January 1994, pp.
13-16.

The Corporatic for National Research Initiatives (CNRI) currently serves as the Secretariat for the IETF. Funding is provided by several
U.S. government agencies and the Internet Society. This support, however, is scheduled to diminish over time and be replaced by funding from a
broad range of national and international, private and public organizations.

33Martin C. Libicki, The Common Bvte or, Why Excellent Information Technology Sandards Are Absolurely Essential and Utterly Impossi-

b/e (Cambridge, MA: Harvard University)’, Center for Information Policy Research, forthcoming), pp. 43-47.
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the government might do this, for example, is tg FIGURE 4-5: CALS' in the Context of the
support standards dissemination online. :

Information Infrastructure

| Broad-Based Standards Efforts Knowledge Integration

. . . : Infrastructure:
As a major user of networking technologies, the Mrastructure: nasTiele

intellectual standards
federal government can support efforts to foster

property /////////n

open systems through the use of its market power. ’ CALS ¢
To be effective, however, the governmemist “ presented process
foster standards that havc a broad appeal. Al- / Information. engineering
though the governmembarket is sufficient to en- 1«

sure vendor support for a particular standard, itis /

not large enough to forestall and may in fact serve . /

to perpetuate_? th(f emergence of two or more com- f

peting one 34 his lesson Nagarticular relevance L !
today inthe case Of the standard CALS (Continu- v connectivity

ous Acquisition and Life-Cycle Support ) (see fig- & capacity

ure 4-5). Care will be needed to ensure that CALS

and related Department of Defense (DOD) stan- Telecommunications
dards efforts, which are designed primarily to sup - 'n”;\f‘vztrrgt“re'

port defense logistics and procurement, work in
conjunction with broader based national efforts to
develop standards for electron ic commerce. ICantinuous Acguistion and Life Cycle Suppion

Asdemctedhnthes igure, CALS canbe viewed as anumbroliaconcem
that embraces all process engmeening standards As such ot aens an

|Supp0rt for OngO|ng Trla|S TO TeSt fOI‘ ntegral part of the informationinfrastructure thatwitl support electrome
Conformance commerce

. SOURCE Bran Kahn JF & 2y School of Go ment. Harvared
As Open Systems Interconnection (0S! ) and Inte- pan i, 7 Rennedy sehan e Bovenment, Hareie

iversidy, 1994
grated Services Digital Networks ( ISDNs- e
trate, the lack of interoperable productsheen other system complements. One way of dealing
a major factor in the delay of standards developwith this problem has been to establ ish consortia
ment and the adoption of open standards. Vendorsuch as the Corporation for Open Systems (COS )
hesitate to implement standards until there is arand X/open, which develop test suitcs aad
established market. and, even then, may differ sigvendor products for interoperability. While help-
nificantly in how they implement them. In turn, ful, these efforts have not entirely solved the prob-
users are unlikely to buy new products withoutlem. The Internet experiences suggest another ap-
someassurance that they will work together with proach that might go even further to compress the

HA comparisunof the cases of COBOL (Common Business-Oriented Language and ADA (After Date of Award of contracty. hoth comput-
or progratning languages, can serve tollustrate the point. By using its procurement power, for example. the govermment helped o induce
vendos o suppont COBOL as a compulter Linguage standard. Egually eritical 1o this standard s fate, however, was the support COBOL received
from business users, whe found that itallowed them tos work very efficiently with large data files. In contrast. when DOD standardized on ADA
as acgeneral purpose computer language, 1 did so on the hasis of its own, relatively specific, criteria, Not swrprismgly. although vendors and
DO contractors were foreed to suppxort ADA, few others followed suit. Tnstead, ﬂ‘lc'\' continued to favor C, and tts successor C++owhich were
more suitable for g broader range of computing purposes. See Libicki, op. cit, footnote 33, pp. 171-198,

WThe moronym CALS onginably stood for Computer- Aided Acquisition and Logistic Support, The CALS progrum is somewhat ats lossin
the post cold warenvironment. with many of its vendors and supportess now looking to electronic commeree Tora new rsson detre. See, fora
discussion, Andrew Jenks, “Dagital Disintegration”” Washington Technofogy, June 24, 1993 pp, 23-3(0.
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standards process. Instead of performing tests
only after products have been developed and stan-
dards implemented, vendors and users could work
together to field-test standards as they are devel-
oped. In this way, standards can, themselves, be
judged partially on the basis of how well they can
be implemented to work with other parts of the
network. *To generate such cooperative efforts,
greater government leadership, as well as incen-
tives (and possibly sanctions), will likely be re-
quired.

There are many in the U.S. standards commu-
nity who would likely oppose any options that call
for amajor role for government in standards-set-
ting. They contend that the private sector volun-
tary consensus processes work well as they are
currently constituted. At hearings held in 1990 by
NIST to determine whether the government
should become more active in standards-setting,
especialy in the international arena, the response
of those testifying was an emphatic “No.”* Gov-
ernment, they argued, should participate in stan-
dards-setting as a user, and contribute funding in
proportion to these activities.

To narrowly cast the government in the role of
“user” is, however, a mistake that could have seri-
ous consequences for the national economy. Par-
ticipant users, who are essentially consumers of
standards, are generally interested in the availabil -
ity of standards and the particular form they take.
And, as noted above, al too often the standards fa-
vored by one large user agency, such as DOD, con-
flict with the standards needs of other agencies
and/or the nation as a whole. Moreover, the gov-
ernment has a stake in the outcome of the stan-
dards-setting process not only because it uses

standards, but because the government alone is re-
sponsible for ensuring the well-being of the na-
tion’s economy.

Networking standards are especially important
from the national perspective. In a global, in-
formation-based economy, networking technolo-
gies provide a basis for productivity and economic
growth. These technologies will provide the infra-
structure for al economic activities. If networks
fail to interconnect for lack of standards, the na-
tion could suffer considerable economic loss. Al-
though government may have a relatively small
interest in the development of some product stan-
dards, its stake in standards for open systems and
for ensuring interoperability is very high.

OPTION C: Provide Support for
Cooperative Research and Development
Efforts

A strategy for the government to broker and sup-
port collaborative research for electronic com-
merce also merits consideration. Cooperative re-
search facilitates technology transfer and allows
vendors to share research and development costs,
which continue to grow. 38 Cooperative efforts can
improve networking quality because interdepen-
dent components of a system can be developed
jointly, which will ensure accountability. Govern-
ment support for such research and devel opment
may also induce business to address technol ogy
problems that otherwise might not be addressed.

Technology consortia can be used to accom-
plish cooperative research.” The goal of these re-
search consortia of businesses, universities, and

360ne organizational model that might be followed, for example, is that of the High Performance Computing and Communications (HPCC)

testbed program, which is described under option ¢, below.

37gee Proceedings, National Institute for Standards and Technology, Public Hearings, “Improving U.S. Participation in Intemational Stan-

dards Activities,” Apr. 3, 1990.

38QECD, Technology and the Economy: The Key Relationships (Paris, France: OECD, The Technology/Economy Program, 1992), p. 32,
and David C. Mowery and Nathan Rosenberg, Technology and the Pursuit of Economic Growth (Cambridge, UK: Cambridge University Press,

1989), p. 21 3.

3%3, for a general discussion, Michelle K. Lee and Mavis K. Lee, “High Technology Consortiaz A Panacea for America's Technological
Competitiveness Problems?’ High Technology Law Journal, vol. 6, No. 2, 1991, pp. 335-363.



government is to improve industry performance
and U.S. competitiveness through technology
transfer and cost-sharing. Taking advantage of a
greatly relaxed antitrust environment, high
technology research efforts have become more
popular in the United States over the past several
years. 40 The 1984 National Cooperative Research
Act, which frees joint research ventures from
many antitrust constraints, has reinforced this
cooperative climate,”

One of the first, and by some accounts most
successful, consortia to have been established is
SEMATECH, a partnership between DOD
(through ARPA) and 11 private semiconductor
companies. who together account for about 75
percent of U.S. microelectronics manufacturing
capacity. SEMATECH was created in 1987 to re-
vive the U.S. semiconductor industry, which was
losing out to the Japanese. 42 Viewing a healthy
semiconductor industry as being critical to U.S.
military efforts, DOD chose to partner with the in-
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dustry in a joint venture, contributing approxi-
mately half of SEMATECH's funding.”

With the resurgence of the semiconductor in-
dustry, many look to SEMATECH as a model for
other government/industry joint ventures.”A
1992 General Accounting Office evaluation, for
example, praised SEMATECH's organizational
structure, attributing the joint venture's success to
the primary role cast for industry and the emphasis
placed on industry needs. Although DOD helps to
establish program objectives, SEMATECH's
management and staff are drawn entirely from in-
dustry.45 SEMATECH also received acclaim for
its success in linking its program with the univer-
sity research community and working jointly with
equipment manufacturers.”

Praise for SEMATECH has not been universal,
however. Some analysts, for example, oppose
such joint ventures in principle, Joint ventures,
they contend, are not only subject to pork barrel

For one discussion of theimpact of antitrust law and itsimpact on R & D and U.S. competitiveness, see Thomas M. Jorden and David J-
Teece, “Innovation, Cooperation, and Antitrust Striking the Right Balance,”’ High Technology Law Journal, vol. 1, No. 3, 1989.

41 accordance with thislaw, joint research and development ventures areno longer considered to be illegal per se. Moreover, solong as a
consortium is registered, it will no longer be subject to treble damages. See Lee and Lee, op. cit., footnote 39; see also Donald K. Stockdale, Jr.,
“Antitrust and International Competitiveness: |sEncouraging production Joint Ventures Worth the Cost’?" High Technology Law Journal, vol.
7,No.2,1993, pp. 270-296.

“2The industry was, at the time, in very bad straits. When [he Japanese began to flood the American memory chip market in the mid- 1980,
many U.S, companies began to withdraw from the production of memory products. By 1987, Japan, selling chips below cost, completely domi-
nated the world semiconductor market. Lee and Lee, op. cit., footnote 39, p. 346.

43Defense Department support for SEMATECH was critical. AsCohen and Nell pointout:“. . Sematech failed to win congressional ap-
prova as aCommerce Department activity, although in the next year it emerged successful (and unchanged) through DARPA as a national
security imperative. DARPA supports a score of programs with immediate commercialapplications; however, from 1987 to 1992, attempts to
establish a civilian counterpart agency all failed.” Linda Cohen and Roger Nell, “R & D Policy,” Center For Economic Policy Research, No.
298, Stanford University, Stanford, CA, pp. 15-16,

4345 Spencer and Grindley point out: “The establishment of SEMATECH has coincided with aresurgence in the U.S. semiconductor.In
1992, the U.S. won alarger share of the world market than Japan for the first time since 1985 and U.S. firms took the leading positionsin both the
semiconductor and equipment markets. Though much of this may be due to market dynamics beyond SEMATECH s influence, there seems to
be widespread recognition that it has helped with some of the industry’s problems. “ William J. Spencer and Peter Grindley, “SEMATECH After
Five Years: High Technology Consortia and U.S. Competitiveness,” Cal ifornia Management Review, summer 1993, PP. 9-32.

45U.S. General Accounting office, SEMATECH s Technological Progress and Proposed R&D Program, GAO/RCED-92-223BR (Wash-
ngton, DC U.S. Government printing Office, July 1992). For the White House's positive evaluation, see Technology for America’s Economic
Growth: ANew DirectionTo Build Economic Strength (Washington, DC: White House Press Office, Feb. 22, 1993).

465 pencer and Grindley, op. cit., footnote 44.
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politics; because they shield businesses from
competition, the}/ may actually inhibit innovation

7

inthe long run.” Viewed from this perspective,

the recent growth in the semiconductor industry
should be attributed not to SEMATECH, but rath-
er to atroubled Japanese economy and the poor in-
vestment choices made by the Japanese semicon-
ductor industry. Equally important has been the
rallying and aggressive competition of a number
of small, innovative firms, many of which are not
even associated with SEMATECH.“ Others have
criticized SEMATECH for its total emphasis on
industrial needs. These critics are not opposed to
joint ventures per se; rather they believe that such
efforts, which are funded by taxpayers, should be
related to broader social goals.”For example,
they would urge that more attention be paid to
meeting the needs of the environment, small busi-
nesses, and workers.®

These differing views of SEMATECH illus-
trate how difficult it is to generalize about the
costs and benefits of cooperative research ven-
tures. For example, consortia that are mission-ori-
ented and designed to achieve a certain social goal
will need to be evaluated by different criteria than

those used to evaluate joint ventures that are de-
signed to overcome market failures.

Judged on economic grounds alone, joint ven-
tures can be said to be beneficial when the social
rate of return on investment exceeds the private
rate of return, giving rise to knowledge “spill-
overs.” These spillovers can be significant in the
case of R & D expenditures, since research and de-
velopment results—like information itself—are
inherent] y leaky. Thus, they cannot be full y appro-
priated by the original investor, but are available
for use by others, 51 Th,magnitude of these spill-
overs will vary depending on the industry, the
structure of markets, and the rules governing intel-
lectual property rights. Generally speaking,
knowledge spillovers are like] y to be greater to the
extent that participation is broadbased, markets
are competitive, and intellectual property rights
are not too constraining.52 organizing Joint ven-
tures to maximize spillovers may be difficult,
however, since industry will be incl ined to support
such efforts only when they can increase their re-
turn on investments in innovation.”

47gee for iNStance, Cohen and Noll, op. cit., footnote 43; Murray Weidenbaum, «A New Technology Policy for the United States,” Execu-
tive Speeches, June-July 1993; and Richard R. Nelson, Merton J. Peck, and E. D. Kolachek, Technology. Economic Growth, and Public Policy

(Washington, DC: Brookings Institution, 1967).

483ee, for example, testimony of T.J. Rodgers, ~The American Semiconductor Industry: Winners or Whiners?™ in U.S. Congress, Legisla-
tion Concerning Production Joint Ventures, Hearings before the Subcommittee on Antitrust, Monopolies and Business Rights of the Senate
Committee on the Judiciary, 101st Congress, 2d Session. See also Michael Marks, “Industrial Policy at Work. . .or True Grit'?" Technology

Transfer Business, summer 1993, pp. 29-33.

“See Tracy Cohen, “A Model—But What Kind'?" Technology Review, January 1993, pp. 16-18.

S01bid.

51 Thus as Mansfield 2d his associates point out, even in cases when social returns are very high, the private returns may besolow ‘hat ‘he

firm would not likely have made the original investment with the advantage of hindsight. See E. Mansfield, J. Rapport, A. Romeo, S. Wagner and
G. Beardsley, “Social and Private Rates of Return from Industrial Innovations,” Quarterly Journal of Economics, vol. 77, No. 2; and E. Mans-

field, “How Rapidly Does New Industrial Technology Leak Out'?" Journal of Industrial Economics, December 1985. See also R.R. Nelson,
“The Simple Economic Basis of Scientific Research,’ *Journal of Political Economy, 1959, pp. 297-306; andK.J.K. Arrow, '’ Economic Welfare
and the Allocation of Resources for Invention,” Universities-National Bureau Committee for Economic Research, The Rate and Direction of
Inventive Activiry (Princeton, NJ: Princeton University Press, 1%2).

S20ECD, op. cit., footnote 38, pp. 61-63.

s3g¢e Cohenand NoJ | who point out: « oy most important conclusions are that RIV'S (Research Joint Ventures) are not a generally appl ica-
ble panaceator curing problems of international competitiveness, and that, in particular, RJV'S can be expected to enhance innovation (rely
under certain cond it ions. Moreover, because these conditions usual ly make RIVS unattractive either to firmsin the industry or to the govem-
ment.we see avery limited usefulrole for them in United States R & D policy. ” Op. cit., footnote 43, p. 27. See also Linda R. Cohen and Roger G.
Noll, *Privatizing Public Research: The New Competitive Strategy,” Scientific American, forthcoming.



One program that has struck a workable bal-
ance between public and private returns is the
High Performance Computing and Communica-
tions Program (HPCC).” The HPCC programisa
multiagency project that supports research on ad-
vanced supercomputers, software, and net-
Works.® Although its major focus is on technolo-
gy, the HPCC program was designed, in part, to
address the “Grand Challenges:” science and en-
gineering problems in climate change, chemistry,
and other areas that can only be solved with the use
of powerful computer systems.”

Cooperation with industry and universities is
also an integral part of the HPCC Program. It is
being conducted at six testbeds, using high-speed
fiber optics to link three or four sites—universi-
ties, industry laboratories, supercomputer centers,
and federal laboratories. Administered and
funded for 3 years by the National Science
Foundation (NSF) and the Advanced Research
Projects Agency (ARPA) under a cooperative
agreement with the Corporation for National Re-
search Initiatives (CNRI), the testbed teams are
responsible for demonstrating emerging high-
speed network technologies and identifying and
investigating outstanding research questions re-
lating to them.”

This kind of program has a number of benefits.
Federal funding has helped to leverage industry
support even though the research is not always di-
rectl y related to commercial needs.58 Virtually the

Chapter 4 Cooperative Networking | 99

entire cost of building the networks has been
borne by industry participants in the form of con-
tributions of transmission capacity, prototype
switches, and research personnel .59 Industry’s ex-
pertise is critical to the development of many of
the components needed for high-speed network
research. The fabrication of these components is
extremely complex, requiring customized inte-
grated circuits and high-speed circuit design. An
equally valuable aspect of the program is its inter-
disciplinary and interorganizational design. Each
research group, for example, involves both net-
work and applications researchers. The applica-
tions researchers have experience with supercom-
puters, visualization, and graphicsin a variety of
scientific disciplines. Network researchers draw
on their expertise with switches, transmission
equipment, protocols, signal processing. and
computer architecture. Working together, these
scientists and engineers not only promote technol-
ogy transfer, but also improve overall network de-
sign and performance.

The federal Digital Library Initiative is similar-
ly structured to assure both a broad range of partic-
ipants and support for different agency needs. Ad-
ministered through NSF in conjunction with
NASA and ARPA, this program will fund re-
search, prototyping, and testbed activities in sup-
port of digital libraries. Approximately six grants
will be awarded, each totaling up to $1.2 million
and lasting for up to 4 years. Research areas in-

54This discussion draws from U.S. Congress, Office of Technology Assessment, Advanced Nenvork Technology, OTA-BP-TCT-101

(Washington, DC: U.S. Government Printing Office, June 1993).

33High-Performance Computing Actof 1991 (HPCA), Public Law 102-194, Sec.102 (a).

564 0ne of its four basic components, network research receives approximately 15 percent of the $ 1billion annual program budget. Office
of Science and Technology Policy (OSTP), “’ Grand Challenges 1993: High Performance Computing and Communications,” 1992.

57The Principals of CNRI, a nonprofit organization, played significant roles in the development of both the ARPANET and the Internet.
CNRI1s responsible for organizing the testbeds and coordinating their progress.

58Much of the research, for example, centers on higher bandwidth and more specialized applications than are expected 0 hav € near-term

commercial significance for the telecommunications industry. industry planning is orientedmore toward medium-bandwidth multimedia ap-
plications—applications that require more bandwidth than can be supported by currentnetworks, but significantly less than the gigabivsecond
rates required by the supercomputer community. For example, the telecommunications industry ATM-based Broadband Integrated Services
Digital Network (B-ISDN ) standard envisions 155 megabit'second channels to each customer in the near term. Furthermore, many of theinter-
estingissues related to the operation of fast packet networks can be studied with lower bandw idth networks. although afew problems may only
become apparent at gigibit second speeds. See OTA, op. cit., footnote 54.

1bid.
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elude data capturing and formatting; advanced
software and algorithms for browsing, searching,
filtering, abstracting, and summarizing; and the
utilization of nationally and globally distributed
databases.“To qualify for funding, applicants
must contribute at least 25 percent of the project
costs, and they are required to allow participation
of all stakeholders. These key players might in-
clude, for example: 1) client groups (e.g., specific
research communities or other users); 2) commer-
cial enterprises that would be involved in the com-
mercialization of a digital library system (e.g.,
publishers, software houses, stock exchanges,
equipment manufacturers, and communication
companies); 3) archival establishments, either pri-
vate or governmental (e.g., libraries, data reposi-
tories, clearinghouses, and government or private
information or data services); and 4) relevant
computer and other science and engineering re-
search groups (e.g., academic departments, super-
computer centers, and industrial laboratories) .61
Because government-sponsored joint ventures
often require an industry initiative as well as
matching funds, large businesses and large-scale
projects have been the major beneficiaries to

“’Digilal Library Initiative, FY 1994, NSF 93-141.
611bid.

date.”Large businesses generally have greater
economic, technological, and scientific resources,
which are essential for R&D.*Equally impor-
tant, they are likely to have the necessary contacts
and networking skills needed to assemble re-
search coalitions. In addition, the larger the proj-
ect and the more prominent the participants, the
greater the chances that it will gain adequate polit-
ical support.”

If small and medium-sized businesses are to
share the benefits of cooperative research ven-
tures, government may have to become more ac-
tive on their behalf. Because innovation and
technology transfer entail learning by doing, us-
ing, and interacting, these businesses can only
gain the full benefits of research and development
if they participate in the process.” However, to
become actively involved, they will need help
identifying joint problems, developing small-
business networks, developing proposals, and
providing up-front financial support.® Although
requiring a more proactive federa role, such pro-
grams can have a high payoff because small busi-
nesses are generally more innovative than large
firms.” Because small businesses are numerous

“Brian Robinson, “promises, Promises: Clinton and the Technology Programs He Now Fosters,” Technology Transfer Business, winter
1994, pp. 35-38.

635 ¢ the OECD has pointed out:“Firms below a certain size cannot bear the costof an R&D team. The critical size has been calculated to be

on the order of one thousand employees in tow technology industries, and 100 employees for high technology using simple indicatorssuch as
the share of turnover devotedto R& D activities, and the average cost of an industrial researcher. . . OECD, op. cit., footnote 38, p. 27.

64Explaining some of th,allure of large-scale projects, Cohen and Nell point out, for example: “Larger, more concentrated projects exhibit a
formof political economies of scale. A large project not only will provide visible economic benefits to alarge number of citizensin a communi-
ty, but will come about through a visible potitical process in which the role of political representatives will be easy to observe. In contrast, small
grants are not likely to receive any public attention, and are not likely to have been influenced much by elected politicians, so that the local
community isnotlikely to base political support on whether it receives them.” Op. cit., footnote 43, pp. 24-25.

65 A s Rosenberg and Mowery Point out, ‘The fruits of research do not consist solely of information that can be utilized by others atminimal
costforinnovation. transferring and exploiting the technical and scientific information that is necessary for innovation constitute a costly
process that itself is know ledge intensive! Mowery and Rosenberg, op. cit., footnote 38. See also, OECD, op. cit., footnote 38, pp. 17, 27.and
S.J.Klineand N. Rosenberg, “An Overview of Innovation, in National Academy of Engineering, The Positive Sum Strategy: Harnessing
Technology  for Economic Growth (Washington, DC: The National Academy Press, 1986).

B6AS Jescribed B Rel-0,- “[Matching.fund partnerships between government and industry]. _can be a considerable burden to smaller

companies, particularly since indirect costs associated with the programs cannot be laid off against program funding. That means many small
companies haveto find partners before they can apply for federal funding in these programs or not apply at all.” Op. cit., footnote 62, p. 38.
67Small companies, for example, have been found to account for adisproportionate share of significant inventions, and their rate of innova-

tion per employee istw 0 and one-half times greater than in large firms. See “SBIR Accolades,” Technology Transfer Business, winter 1994, p. 6.



and hold little market power, the knowledge spill-
overs in joint undertakings may be high, while the
dangers of anticompetitive behavior are likely to
be low.

One recently established program designed to
broker small-business relationships is the Small
Business Technology Transfer Grants Program.
With funding from the Departments of Defense,
Health and Human Services, and Energy; NASA;
and the National Science Foundation this 3-year
pilot project matches small companies with re-
searchers from universities, federally funded
R&D companies, and other nonprofit research or-
ganizations, including federal laboratories. In-
spired, in part, by the success of the Small Busi-
ness Innovation Research (SBIR) grants program,
this new program will receive $24 million in
1994, to be increased to $72 million in 1996.%

The social payoff from federal investmentsin
cooperative research may be further enhanced to
the extent that these programs can be networked
together, allowing them to build on one another.”
A number of federally funded programs take ad-

¥ 1hid.
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vantage of the Internet, which owes its existence
to federal support. For example, CommerceNet, a
3-year pilot project funded by a grant under the
Technology Reinvestment Program,”will devel-
op software applications for use over the Internet
to electronically link companies with their cus-
tomers, suppliers, and development partners.”
Similarly, Microelectronics and Computer
Technology Corp. (MCC), a government-sup-
ported consortium made up of approximately 80
companies, is in the process of developing the En-
terprise Integration Network (EINet), a business
network that will run applications over the Inter-
net.”The high-speed data networking services
will be provided by Sprint; directory and encryp-
tion, and eventually electronic funds transfer, ser-
vices will aso be available .73 In like fashion, the
Technologies for Effective Cooperation Network
(TECnet) will use the Internet to link and provide
business information support to the Manufactur-
ing Technology Centers (MTCs) (see box 6-1 in
ch. 6).

95 for ONC di s USSION, g ook ahin, “CALS in Context,” Cals Journal, spring 1993, pp. 27-29.

70This interagency Programis jointly sponsored by the Advanced Research Projects Agency (ARPA) of the Department ©f Defense. the
Departmentot Energy Defense Programs (DOE DP), the Department of Commerce’s National Institute of Standards and Technology (N IST).
the National Science Foundation (NSF), and the National Aeronautics and Space Administration (NASA). Its mission is“'to stimulate the transi -
tonto agrowing, integrated, national industrial capability which provides the most ady anced, affordable, military systems and the most com-
petitive commercial products. This will be accomplished through the application of defense and commercial resources to develop dual-use
technologies, manufacturing and technology assistance to small firms, and education and training programs that enhance U.S. manufacturing
skil I sandtarget displaced defenseindustryworkers.” ARPA, “Program Information Package for Defense Technology Conversion, Reinvest-
mentand Transition Assistance,” Mar. 10,1993, p. | -1.

"I This effort w il be administered by Enterprise Integration Technologies w ith support from WestRen, the operator of the Bay AreaRegion-
al Research Network (8 ARRNET), and Stanford University’s Center for Information Technologies. The federal government will provide $4
millionin funding, which will be matched by the State of California’s Trade and Commerce Agency and 20 participating companies, including
Apple Computer, Hew lett-Packard, Lockheed, National Semiconductor, Pacific Bell, and Sun Microsystems. Local communities. although
involved, willnot contribute funds.

TIMCC was establishedin1 98 inresponse to Japan 's Fifth Generation Computer effort. Ten million dollars of the Department of Defense
appropriatcm\ 10 r fiscalyear 1993 hal ¢ been earmarked for El Net. A number of pilot programs to test appl ications are presently underw ay.
These Include, for example, Electronet, aconcurrent-engineering effort to develop printed w i ring boards for avionics equipment, an electronic
bidding netw ork 1o link U.S. auto manufacturers and their suppliers, and a utilitynetwork to link the 800 member companies of the Electric
Power Research | nsutute (EPRI). The netw ork is intended to provide fully encrypted electronic data interchange services at a cost of approxi-
mately ‘$20,000, plus operating expenses.

T3See Gary Anthes, “Internet Commercial Uses Bloom,™ Computerworld, June 28, 1993, pp. 71, 73; Bill Burch, *Sprint To Resell EDI,
E-Mail Business Service, ” Nens ork World. June 28,1993, p. 29, and “ Expanding the Horizons of Electronic Commerce, " Industry Week, Apr.
18,1993, p 46.



