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is generally thought to impose lower barriers to
entry.

38 In terns of economi c welfare, barriers to
entry are not uniformly ‘ ‘bad’ in some cases, they
will be beneficial. Analysis of which condition
pertains can be quite complex and depends, in part,
on whether goods will be produced in excessive
variety (relative to the socially optimal amount of
variety), absent barriers to entry,39

In instances where consumers care little about
product variety, theory suggests that barriers sub-
stantial enough to reduce the number of very similar
products (e.g., patents) will be beneficial. Con-
versely, when consumers value variety highly, an
intellectual property regime that allows multiple
products with similar features (e.g., copyright) will
be preferred.40 When consumers place a high value
on products with similar features, the value of a
copyright (to the copyright owner) will increase to
the extent that it allows control over preparation of
works with similar features (e.g., allows control of
user interfaces).41

Under the present patent system, the ability of
innovators to appropriate returns via patents appears
to differ across industries and technologies.42 In the
1980s, a multi-industry study on R&D appropriabil-
ity (the ‘ ‘Yale study’ was conducted by Richard
Levin, Alvin Klevorick, Richard Nelson, and Sidney
Winter. This research explored industry differences
in the perceived effectiveness of patents in gaining
and maintaining competitive advantages from new

or improved products and processes.43 The research-
ers surveyed industry R&D managers concerning
the relative effectiveness of:

●

●

●

●

●

●

The

patents to prevent competitors from duplicating
the new product or process;
patents to earn royalty income through licens-
ing;
maintaining secrecy about the new product or
process;
leadtime advantage (from being first out with a
new product or process);
moving quickly down the learning curve (in
order to reduce costs); and
superior sales or service capabilities.

Yale study concluded that the role of a patent in
gaining and maintaining competitive advantage
depends in large part on specifics of the relevant
industry and technology. For example, in an industry
where inventions tend not to be technologically
independent of other patented inventions, firms with
patent portfolios may participate in patent cross
licensing. Even under these circumstances, break-
through, “pioneer” patents can yield large advan-
tages through excluding others and/or producing
royalty income.44

The Yale study found a great deal of inter-industry
variation in the perceived effectiveness of patents as
a means of securing innovative gains, even in
‘ ‘high-tech, ’ R&D-intensive industries:

38 However some  ICg~ observers warn  that overly-broad copyright protection for softwar=.g., copyright proteCtion for user interfaces-is
equivalent to p’a~ent  protection, excepl that the protection has been obtained for an extremely long term and without patent criteria of novelty and
nonobviousness,  (See Pamela Samuelson, ‘ ‘Why the Look and Feel of Software User Interfaces Should Not Be Protected by Copyright Law, ”
Communications of[he ACM, vol. 23, No, 5, May 1989, pp. 563-572.) Others consider that software faces a more general problem in that  attempts to
apply traditional copyright principles and precedents may well restrict efficient technology development. (See Dennis S. Karjala, ‘‘Copyright, Computer
Software, and the Ncw Protectionism,” Jurimerrics Journal, fall 1987, pp. 33-96.)

Disagreeing with these views, many other legal observers consider that the courts can be (and generally have been) successful in adapting traditional
copyright principles to software cases. (See Morton David Goldberg and John F. Burleigh, ‘‘Copyright Protection for Computer Programs: Is the Sky
Falling?’ AIPLA Quarterly Journal, vol. 17, No. 3, 1989, pp. 296-297; and Anthony L. Clapes, Patrick LyncL and Mark R. Steinberg, “Silicon Epics
and Binary Bards, ” UCLA LauI Revienl,  vol. 34, June-August 1987, pp. 1493-1594.

N see, e.g., Michael WatcrsOn, ‘‘The Economics of Product Patents, ’ The American Economic Re}’ieu), VOI. 80, No. 4, September 1990, pp. 860-869.
@ Wtiterson,  Op, Clt,, foomotc 39, pp. 867-869. For analysis of the economic effects of increased copyright protection where co~umers ‘W in ~eu

tastes and in their costs of copying, scc Ian E. Novos and hlichael Waldw ‘ ‘The Effects of Increased Copyright Protection: An Analytic Approach, ’
Journal of Political Econom~,  Aprd 1984, pp. 236-246.

‘i Michael O’Hare, “Copyright: When Is Monopoly Efficient?” Journa/  of Policy AnaZysis  and Management, vol. 4, No. 3, 1985, pp. 407418.
Copyright gives exclusive rights over derivative works, to the extent that protected expression is used.

42 For theoretical  ~[ysis  of how the preferr~  form of research incen(ive can v,ary depending on ~ket  s~c~re,  see Brim  ‘. w’rigl~t>  ‘‘ne
Economics of Invention Incentives: Patents, Prizes, and Research Contracts, ” The American Economic Re]’ieu), vol. 73, September 1983,  pp. 691-707.
Wright finds that when the probability of succcss of a project is high, contracts are prcfcrrcd;  when the probability of success is low to moderate and
the supply of research is elastic (mcrc~ses in expected financial rewards attract new researchers), patents are best (ibid., p. 703).

43 Winter, op, cit., footnote 8, pp. 45-56. Sec also R. L.cvin et al., op.  cit., foo~ote 29, pp. 783-~20.
u 1n 1958,  Machlup noted tit s~ateglc patents ~d/or rcs~lctive licensing can permit substantial control of ~ industw by blocking or excluding rivals;

accumulation or aggregation of patents can bar entry by newcomers. He also noted that ‘‘patent pooling’ (cross licensing) has ‘‘often been the vehicle
for cartel agreements of the most restrictive sort. (Machlup, op. cit., footnote 21, pp. 10-12.)
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●

●

●

●

Patents were perceived as highly effective in
the pharmaceutical industry45 but were rated as
being only moderately effective in the semicon-
ductor, computer, and communications equip-
ment industries;
Most industries reported that using patents to
secure royalty income! was less effective than
using patents to prevent duplication;
Except in petroleum refining, patents were
considered more effective in preventing prod-
uct duplication than process duplication;
With the exception of product patents in the
organic chemical and pharmaceutical indus-
tries, using patents to prevent duplication was
perceived as only moderately effective in
securing gains from an innovation.46

The Yale study found that the most important
perceived limitation to the effectiveness of patents
was “inventing around” by rivals able to invent a
substitute product or process or narrowly skirt the
edges of the patent claims. The fast pace of
technological advance (’‘technology moving so fast
that patents are irrelevant”) was considered much
less of a limitation. Perceived problems of “not
readily patentable” subject matter and ‘‘patents
disclose too much proprietary information” were
more severe for new or improved processes, rather
than products. These considerations help explain the
importance of other tools—like lead time and
secrecy —in securing and preserving competitive
advantages .47

The terms under which a patent is licensed depend
on a number of factors, including the relative
bargaining powers of the patent holder and prospec-
tive licensee, and how much information each has

about market conditions, the invention, and the
48 Patent licensing caneconomic value of the patent.

provide licensers with other advantages besides
royalty income. In some cases, strategic licensing
will permit a patent holder to structure the industry
so it consists of relatively ‘weak’ competitors. This
structure enables the patent holder to prolong its
dominant position after the patent term has ex-
pired. 49

Cumulative Technological Progress

The literature on “patent races” focuses o n
analyzing situations where multiple innovators are
vying to achieve the same goal.50 A somewhat
different set of circumstances arises when innova-
tion is cumulative--one firm develops an initial
innovation but others can build on it. In this model,
the incentives to develop both the initial and
subsequent innovations depend on the scope
(breadth) of patent protection.51 The traditional
literature did not focus on the dynamics of cumula-
tive progress and multiple inventors.

Suzanne Scotchmer has looked at use of (product)
patent protection and cooperative agreements to
protect incentives for cumulative research where
initial innovations facilitate subsequent ones.52 She
finds that with broad patent protection, economic
incentives for outside firms to develop second-
generation products (under license) can be too weak.
The incentives for the frost innovator to develop the
second-generation products (assuming he or she has
the insight and resources to do so) are much stronger;
in some cases, the prospect of licensing revenues for
second-generation products may inefficiently inflate

45 ~ tie p-ceuti~  industry, a patent often corresponds to one product.

~ Wkter,  op. Cit., fm~ote 8, Pp, 4.6A9,  especwy table 2.1, The study included the computer, semiconductor, and cofnm~cations  ~~Pment
industries, but not a separate “software” industry. Winter notes that these findings support both Arrow’s view that transaction costs present serious
problems for information markets (i.e., patent licensing) and also Kitch’s view on the value of patents in making R&D markets more efficient.

47 rbid., pp. 48-56, esp. table 2.2 and figure 2.1.
4S For discu~~iOn  of litma~e on liWm~g  ~mgements and ~ysis of ~angements  when tie patent holder must decide how much iIfOKnatiOn  tO

share with the licensee, see Nancy T. Gallini and Brian D. Wright, “lkchnology  Transfer Under Asymmetic  Information” RAND Journal of
ECOffO??th,  vol. 21, No. 1, spring 19’20,  pp. 147-160.

49 For analysis of how a do- t patent holder may prefer to license to technologically weaker competitors, whose presence in the industry may deter
entry by other fins, even after the patent has expired, see Katharine E. Rockett, “Choosing the Competition and Patent Licensing, ’ RAND Journal
of Economics, vol. 21, No. 1, spring 1990, pp. 161-171. Rockett cites examples of the development and licensing of polyester, cellophane, and nylon
as evidence to support the genemd assumption that powerful patentholders can use licensing to structure their competition and preserve competitive
advantages beyond the patent term.

50 me f *raW”  metaphor  ass~es tit Ody One f~ can win tie patent and that inventions are dkcrete.

51 Besen  and Raskind, op. cit., footnote 2, p. 4.

52 Suzanne Scotchrner,  “Standing on the Shoulders of Giants: Cumulative Research and the Patent Law,” Journal of Economic Perspectives, vol.
5, No. 1, winter 1991, pp. 29-41.



.= .

Chapter Economics, Intellectual Property, and Software . 193

incentives for the first innovation.53 With narrow
patent protection, first-generation innovators may
be discouraged from patenting and disclosing their
products (if they fear that second-generation prod-
ucts developed by others will hurt their profits).
They might, instead, hold frost-generation products
off the market until they had developed their own
second-generation products; alternatively, they might
rely on trade secret protection to avoid disclosing the
nature of their technological advances.54

Scotchmer explores two possible remedies for
these defects:

narrowing the scope of protection for the first patent
(so that ‘different enough’ second-generation prod-
ucts do not infringe), and

prior agreements, whereby second-generation inno-
vators can sell their ideas to innovators of the first
products or integrate with them.

She finds that:

[N]o system of narrower patent protection and
licensing can give the right incentives to both the
first innovator and other firms that develop improve-
ments, even if collusive licensing among noninfring-
ing products were allowed. . ,[this] result depends on
my premise that the breadth of the underlying patent
cannot be separately tailored to the costs and benefits
of each second generation product.55

Scotchmer also finds that—assuming that parties to
the agreement can collude in using the resulting
patents—prior agreements (e.g., research joint ven-
tures) are:

[A] social improvement over licensing because they
can improve incentives to invest in second genera-

tion products, whatever the breadth of patent protec-
tion,56

She finds, therefore, that there are no simple
conclusions to draw about the optimal breadth of
patents; moreover, questions about patent breadth
must be considered jointly with questions about the
extent to which firms will be permitted to cooperate
(under antitrust rules). Therefore, Scotchmer con-
cludes that prospects for fine-tuning the patent
system for particular technologies seem limited,57

Considering further the tradeoffs between disclo-
sure and profitability, Suzanne Scotchmer and Jerry
Green examine the effect of the novelty requirement
in patenting on information sharing and economic
welfare in industries where progress is cumulative .58
Scotchmer and Green proceed from the premise that
the effective lifetime of a patent may be much shorter
than its statutory term—the patented technology
may be displaced by a (noninfringing) and superior
innovation. Thus the novelty requirement is impor-
tant in patent design. A high standard of novelty
makes displacement harder and, in principle, gives
a larger return to the patent holder, However, a high
standard of novelty also bears a social cost in that
relatively minor incremental innovations may not be
patented—thus, not disclosed. High standards may
also encourage firms who fall behind technologi-
cally to drop out of the patent race. This can be
beneficial if it reduces duplicative research by
technologically less-advanced fins. When the nov-
elty requirement is weak, these firms may have too
strong an incentive to stay in the patent race.59

53 Ibid.,  pp. 32.33. ne pmSp@  of hce~ing  revenues may overinflate incentives for the fkst product iMOVatiOn when it is not the Ordy  possible way
to achieve the second-generation innovations. Scotchmer’s  analysis assumes that the second-generation product infringes the patent on the first and
therefore, some of the second innovation’s revenues must be transferred to the first innovator under licensing.

g Ibid., pp. 38-39.

55 Ibid., pp. 33-35.
56 Ibid., p. 36, sml~ ~nefits ~o~d ~ lwgest if all possible  fiovators  could be ~tegrated via ~ agreement  pfior to tie fkst klnovatio~ however,

this k likely to be infeasible, particularly in fields where second-generation innovations are serendipitous.
In Scotchmer’s  model, collusion in use of the patents is an important way to protect incentives to innovate. When research outcomes are unpredictable,

innovators cannot know beforehand whether particular projects will result in innovations that infringe an earlier patent  therefore, rules that permitted
agreements only if patents turned out to be infringing would be difficult to implement (pp. 36-37).

57 Ibid., pp. 39-40. ~ Scotcber’s  model, patent bread~  ad term may some~es be chosen ~dependenfly;  iII Otier cases, breadth ~d effective term
are correlakxt.

58 Sume Scotchmer and Jerry Greem ( ‘Novelty and Disclosure in Patent Law, ” RAND .rournal  of Econo?nics,  vol. 21, No, I, spring 1990, pp.
131-146. In their analysis, the patent system’s criteria for novelty and nonobviousness determine both how broad the claims of a patent can be and how
different subsequent innovations must be not to infringe. Thus, these criteria determine the value of a patent, the incentives for innovative activity, and
how much technological information is disclosed and diffused.

59 Ibid,, pp. 144-145; and Garth Saloner, ‘‘Introduction to Symposium on Patents and Technology Licensing, ‘‘ RAND Journal of Economics, vol.21,
No. 1, spring 1990, p. 104. Another result from a weak novelty requirement is that firms may prefer not to disclose all of their technological progress,
unless they are able to enter into cooperative licensing agreements with firms producing similar products.
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In the copyright regime, the dilemma of ‘cumulat-
ive progress ‘‘ is manifested in controversy over the
breadth of protection extended to derivative works,
Some economists have concluded that narrower
protection for the original work will better serve the
public interest by providing incentives for others to
create derivative works. In the software arena, these
commentators consider that making it illegal under
copyright to copy in order to tailor programs to
users’ special needs, or to copy in order to analyze
programs for the purpose of improving and enhanc-
ing functions, raises the cost of subsequent innova-
tion. 60 Others, however, conclude that granting
control of derivative works to the creator of the
original work encourages early release of the origi-
nal work. Otherwise, they argue, proprietors would
attempt to secure market advantages by delaying
release until they prepared derivatives.61

Patents and Trade Secrets

David Friedman, William Landes, and Richard
Posner have examined the economics of trade secret
law, focusing on the choice between patent and trade
secret protection and why the law does not protect
against loss of trade secrets through reverse engi-
neering.

62 In their view, although the COUr tS have

sometimes thought that trade secret law protects a
“lesser’ class of inventions (because “no rational
person with a reasonable invention would fail to
seek a patent’ ‘), this is not the case. Instead, they
argue, trade secret law supplements the patent
system. Innovators choose to maintain an innovation
as a trade secret instead of applying for patent
protection when patent protection is too costly
relative to the value of the innovation, when the
expected economic lifetime of the innovation is
expected to be longer than the patent term, or when
the innovation may not be sufficiently novel or

nonobvious to qualify for patent protection. There
are some social costs to this-with trade secrecy,
there is no finite term of protection or disclosure in
return for protection. However, these costs are
somewhat ameliorated because independent inven-
tion (and patenting) of the “secret ‘‘ is permitted.63

Not prohibiting reverse engineering of trade
secrets is costly to the extent that proprietors incur
additional costs to maintain the secret or make their
products hard to reverse engineer. Nevertheless,
these authors conclude, the respective costs and
benefits weigh against protecting trade secrets from
reverse engineering: For one thing, the social costs
of enforcing secrecy through the legal system would
be high: for example, it could be difficult to prove
that a competitor learned a trade secret through
reverse engineering rather than through independent
research. 64 Perhaps even more importantly, the
information disclosed through reverse engineering
facilitates incremental innovation.65 On balance,
Friedman, Landes, and Posner consider that more
comprehensive legal protection of trade secrets as
property, ‘‘would be tantamount to a perpetual
patent law without public disclosure,” without the
economic efficiency advantages of disclosure and
limited terms.66

Choices in the
Optimal Design of Patents

Rewards to innovation can be granted by broad
patents of short duration or by patents designed with
narrow scope (breadth) but long duration (term). The
supply of R&D and other innovative activities is
usually assumed to respond favorably to improved
prospects for financial reward-i. e., increased in-
centives are thought to induce additional innovative

60 B~~~~ ad Ru~d, op. ~lt., f~~,~te  2, pp. 16.17 (Ci~g  Y.M. Bra~tein et ~., ECOnO~”CS  @~TOperfy Rights  US App/ied to computer ~oftware

and Data Bases, PB-286 787 (Washingto% DC: U.S. Department of Commerce, 1977); and R.H, Stem, “Section 117 of the Copyright Act: Charter
of Software Users’ Rights or an Illusory promise?’ Western New England Law Review, vol. 7, 1985, pp. 459-489).

c1 Besen and Rastid, op. cit., footnc,te  2, p. 16 (citing W.M. Landes and R.A. Posner, ‘‘An Economic Analysis of Copyright Law, Journal of Legal
Studies, vol. 18, 1989, pp. 325-366).

62 F~e~~ et al., op. cit., footnote ~.

63 Ibid, pp. Gz@j Ffiedm~ ~des, ~d posner note  tit s~recy con~as~ wi~ me ‘ ‘prosp~t’ ~eoly of patenfig,  where disclosure serves tO head
off wasteful duplication of inventive effort (p. 65). See Kitch+  op. cit., footnote 32.

64 For discussion of tie some of fie c[lfficulties of made  s~ret  prot~tio~  ~cludfig  con~act~ ~d evidentimy  problems in enforcement, see Steven
N.S. Cheung, “Property Rights in Trade Secrets, ” Econom”c  Inquiry, vol. 20, January 1982, pp. 40-53.

65 Friedm~  et al., op. cit., footnote ~, pp. 69-71.

66 Ibid., p. 71.
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activities. 67 As Garth Saloner observes, determining
the optimal size of the reward that a patent should
confer and the optimal design of the patent (breadth,
term) depends on the extent to which society wishes
to encourage additional innovative activities beyond
those that would take place otherwise, absent
patents. There is a tradeoff between the social
benefits realized through economic stimulation of
innovative activities provided by the promise of a
patent and the social costs later induced by the
market power that a patent confers; the magnitude of
these social costs depends on the manner in which
innovators choose to patent, license, and otherwise
exploit their discoveries.

68 Therefore, Saloner notes,
normative questions of optimal patent design and
positive questions of how firms behave are closely
related; both must inform public policy.69

Aggregate data on R&D, patenting, and techno-
logical progress generally support theoretical find-
ings that patents encourage innovative activities and
increase economic welfare .70 But the more detailed
theoretical models of optimal patent design will
yield different-even contradictory-conclusions
when based on different assumptions about the value
of patents71 and the behavior of innovators and
markets (see below). Disaggregate empirical evi-
dence to distinguish among these for the purposes of
optimizing patent design is lacking. In terms of
empirical evidence to support unambiguous ‘ ‘im-
provements ‘‘ in patent design, we have not moved
very far from Fritz Machlup’s conclusions:

One important moral of the argument [about the
effects of an extension of patent protection by 1 year]
is that no one who thinks it through can be very
sanguine concerning the effects to be expected in
‘‘reality’ and certainly, no one cart be at all sure
about any of these matters.72

Optimal Patent Term

Along with its breadth, the term of a patent is
related to its ‘‘strength. (As was discussed earlier,
thinking about whether ‘‘stronger’ rights are une-
quivocally ‘‘better’ has changed.) Economists have
a long history of participation in the debate on
‘‘optimal’ patent terms.73 As Fritz Machlup related
in his 1958 review of the patent system:

The duration of patents has been determined by
historical precedent and political compromise. The
14-year term of the English patents after 1624 was
based on the idea that 2 sets of apprentices should,
in 7 years each, be trained in the new techniques. . .
There were all sorts of arguments in later years in
favor of a longer period of protection: it should be
long enough to protect the inventor for the rest of his
life; to protect him for the average length of time for
which a user of the invention might succeed in
keeping it secret; or for the average time it would
take others to come up with the same invention; or
for the average period in which investments of this
kind can be amortized; and some pleas were made for
perpetual coverage.

Economists usually argued for shortening the
period of protection: the bulk of inventions are not so
costly as to require the stimulus provided by

6T However, Merges and Nelson conclude that, ‘‘Ultimately it is important to bear in mind that every potential inventor is also a potential infringer.
Thus a ‘ ‘strengthening” of property rights will not always increase incentives to invent; it may do so for some pioneers, but it will also greatly increase
an improver’s chances of becoming enmeshed in litigation. .When a broad patent is granted or expanded via the doctrine of cquivaIents,  its scope
duninishes  incentives for others to stay in the invention game,  compared again with a patent whose claims are trimmed more closely to the inventor’s
actual results. ’ (Merges and Nelson, op. cit., footnote 32, p. 916. )

~g Saloner ( 1990), op. cit., footnote 59, pp. 103-105.
For a development and analysls of different mccharusms  to secure rights for innovators (the “innovation patents” md lhc ‘‘l~ovation w~~t”).

see WIllmm Kingston (cd.), Direct Protection oflnnw’ation  (Dordrccht, ‘Mc Netherlands: Khrwer Academic Publishers, 1987). This study was prepared
under contract for the Commission of the European Communities, Directorate-General Telecommunications, Information Industries and Innovation.

69 Ibid,
XI For ~xample, s= Wllllam Nordhaus, ]n},ention,  Growth, and Wel@re: A Theoretical Trca(ment  of Technological Change (Cambridge! MA: MT

RCSS,  1969); Zvi Grdiches  (cd.), R&D, Paren/.r and Productivity (Chicago, L: micago  Univcr$ity ~esst  1984);  Zvi Gfiliches,  ‘‘patent Statistics as
Economic Indicators: A Survey, ” Journal of EcononIic Literature, vol. 28, No. 4, December 1990, pp. 1661-1707; and  Machhp,  op. ch., footnote 21,
pp. 76-80.

T i ~cre is ~x~cmclj,  ~ldc vWl<mce in tie econonllc value of Patents, Gfi]ichcs repofis tit, al~ough  a few smaller-scale studies have been done

subsequently, the only detailed and extensive survey of patent holders was conducted in the late 1950s by B.arkev Sanders and associates at the Patent
and Trademarks Foundation. Economic gains reported from patents then in current usc were widely dispersed, with a mean value of $577,000 per patent
and a median value of $25,(XI0  (current dollars). Economic returns from all patents (including those not in usc or with negative returns) had a mean of
$112,000 and a median C1OSC to Zero. (Grilichcs (1990), op. cit., footnote 70, pp. 1679 -1680.)

~z Machlup, op. cit., footnote 21, pp. 70--73 (quote from P. 73).

T~ As dcscrlhd  by Sidney Winter, the pendulum of opinion 011 the ‘‘Optfi~’ term of protection (e.g., whether increasing or decreasing the term of
patent protection would be more socially desirable) has swung back and forth over the years, For his discussion of changes in economics thinking about
the term and strength of protection, see Winter, op. cit., footnote 8, pp. 41-43.



196 . Finding a Balance: Computer Software, Intellectual Property, and the Challenge of Technological Change

protection for such a long time, and not important
enough to deserve the reward that it affords; a much
shorter period would provide sufficient incentive for
almost the same amount of inventive activity; the
period should not be so long as to allow patentees to
get entrenched in their market positions; “technol-
ogy moves now with a speed once undreamed
of—its swift march dictates a shortening in the life
of a patent. ’74

The cyclical debate has continued into our time.
In the 1960s, following At-row’s seminal paper,
economists turned to mathematical analyses of the
optimal patent term. William Nordhaus extended
Arrow’s model of incentives for invention, explor-
ing the relationship between the ‘‘size’ of an
invention (measured as the decrease in unit produc-
tion cost of a good) and the patent term. Nordhaus
then formulated the socially optimal patent term by
maximizing social welfare subject to the inventor’s
behavior, 75 showing that shorter patent lives were
preferable to longer ones.76

F.M. Scherer interpreted Nordhaus’ theory geo-
metrically and showed that (process) patents induce
investments in R&D in two ways. The first of these,
the ‘ ‘ s t i m u l u s  e f f e c t , was emphasized by
Nordhaus. In this role, the optimal patent provides
just enough incentive for additional R&D so that the
marginal social gain from further cost reductions
just equals the marginal social cost. In its second
role, the patent persuades investors that competitive
imitation will be deferred long enough so that the
stream of (discounted) monopoly rents will exceed
outlays for investments in additional R&D.77

Scherer’s model indicated that ‘easy’ inventions—
those yielding big costs savings in relation to R&D
resources invested-warranted shorter protection
than “hard’ inventions, unless the inventor had
faced extraordinary risks or had exhibited extraordi-
nary creativity. Scherer concluded that policies

tailoring the life of each patent to the economic
characteristics of the invention might be accom-
plished by a flexible system of compulsory licens-
ing, where a patent would expire or be licensed
openly at modest royalties after 3 to 5 years, unless
the patent holder could show that special conditions
warranted longer terms (e.g., market is small relative
to research costs, the invention will yield small cost
savings relative to research costs). For patents held
by dominant corporations with large market shares,
Scherer suggested that a presumption of early
expiration or open licensing would be appropriate
because the firm would have other ways of appropri-
ating innovation gains.78

Empirical studies of R&D incentives and rewards
suggest that the useful economic lifetime of a patent
is often far shorter than the statutory term. From a
multi-industry survey of R&D fins, Edwin Mans-
field found that the effective economic lifetime of
most patents is much less that 17 years; moreover, he
found that about 60 percent of patented products
were successfully imitated by others within 4
years. 79

Optimal Patent Term and Breadth

More recent analyses have considered breadth, as
well as length, as tools with which to craft optimal
patent designs. Gilbert and Shapiro examine the
tradeoffs between patent term and breadth in design-
ing a patent to provide a reward of a given size,80

Their model of the flow of profits available to the
patent holder assumes a predictable underlying
environment and homogeneous products, where the
breadth of the patent corresponds to market power—
the broader the patent, the greater the ability to
increase price over marginal cost. With this model,
increasing patent breadth yields a greater flow of
profits but also increases the dead weight losses

74 MacMup, op. Cit., foo~ote 21, p. g. me quote about the  swift pace of technological advance is from 1941. ~~uP discusses tie imPficatio~  of

changes in patent term on pp. 66-73.
75 See ~so Morton J. Kamien and NrMICy  L. Schw~, “Patent Life and R&D Rivalry,” The American Economic Review, vol. 64, March 1974, pp.

183-187.
76 Nor~us, op. cit., foo~ote  70.

77  Scherer  ~s tis the  “Lebensraum deCt.’

78 F.M. Scherer,  “Nordhaus’  Theory of Optimat Patent Life: A Geometric Reinterpretation” The American Economic Review, vol. 62, June 1972,
pp. 422427.

79 RIwfi -field, ‘R&D and Innovation: Some Empirical Findings, “ in Zvi Griliches (cd.), R&D, Patents andProductivify  (Chicago, IL: Chicago
University Press, 1984). (Cited in Scotchmer  and Gree%  op. CI(, footnote 58.)

some tie question  of how much t. reward  patent holders requires some assumptions about the elasticity of suppll’  of inventions, designing ~
economically efficient patent with a given reward does not. See below.
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stemming from the patent monopoly .81 Under these
conditions, Gilbert and Shapiro conclude that longer
patent terms are preferable to broader patents.
However, they warn, their assumptions of a stable
environment (with predictable supply and demand)
and their focus on a single product is critical to this
conclusion. Under other circumstances-for exam-
ple in markets where research is cumulative—an
overly long patent might block subsequent innova-
tions by establishing monopoly rights over an entire
line of research. In that case, optimal patents would
be tailored differently.82

Paul Klemperer uses a different model to explore
the tradeoff between patent term and breadth in
designing a patent yielding a reward of a given
size.83 In his model, entry into the market is free and
substitute goods are available. Consumers are as-
sumed to prefer the patented good, but they vary in
their demands and their costs of switching to
less-preferred goods (either close rivals or goods in
a different product class). As the breadth of the
original patent decreases, rivals are able to position
their substitute goods closer and closer in product
space. Conversely, in Klemperer’s model, a broader
patent corresponds to fewer close substitutes, more
market power for the original patent holder, and
larger welfare losses.

Klemperer’s model yields differing results, de-
pending on how consumers vary in their costs of
substituting to close rivals and substituting out of the
product class entirely. If consumers face similar
costs of substituting rival products (close substi-
tutes) but vary in their costs of switching out of the
product class, then Klemperer also shows that the
optimal patent is very narrow and long-lived.
However, if consumers have similar costs of switch-
ing out of the product class but vary in their costs of
substituting rival products, then his model shows
that optimal patents are broad and short-lived.84

“Protection of the general good is found in the
limited term and stringent standards associated with
patents, the proscription of the protection of ideas
under copyright, and the refusal to allow the exten-
sion of patents and copyrights beyond their limited
scopes. This last matter may be the heart of the
concern about the economic effects of program
copyright.”
Final Report of the National Commission on New Techno-
logical Uses of Copyrighted Works (CONTU), July 31,
1978, p. 23.

Compatibility, Network Externalities,
and the Installed Base85

For many products, the satisfaction a user derives
from consuming the good increases as the good
becomes more popular. As Michael Katz and Carl
Shapiro explain, these positive externalities can
arise for a number of reasons, besides the purely
psychological, “bandwagon” effect”: market size
and share may signal product quality to consumers,
or product information may be more plentiful or
accessible for popular products. Some products,
such as computer software and hardware, also
exhibit what are called network externalities, where
user satisfaction is greater, the more popular the
network of users. Network externalities-man-
ifested, for example, in users’ preferences for ‘popu-
lar’ programs with established user communities, or
for programs performing different functions but
having similar user interfaces-are much more
important now than at the time of CONTU. As the
“PC revolution’ has taken place, “networks’ and
their corollary benefits have become much larger.86

(See discussion of software network externalities in
ch. 4.)

Network externalities sometimes arise from a
direct physical effect on product quality (e.g.,
telephones and facsimile machines become more

al R1c~r~ Gilbert and Carl Shapiro, “Optimal Paumt hngthan~  Breadth, ” RAND Journal of Economics, vol. 21, No. 1, spring 1990, pp. 106-112.
The dead weight loss comes about because monopoly power permits the patent holder to maximize profits by producing the patented good in fewer
quanhties,  and charging higher prices, than under competition.

~~ Ibid,, pp. 107, 111-112.

‘7 Paul Klcmpcrcr, 4 ‘How Broad Should the Scope  of a Patenl Be?” RAND Journal of  Economics, vol. 21, No, 1, spring 1990, pp. 113-130.

~ Ibid., pp. 12(5- 127; and  Saloner, op. cit., footnote 59, p. 1~.
S5 OTA ~<)tc,  A scpuate  OTA report on G[obal .~tandurd,$:  Bliildi~lg B/C)C-~.~f~r  the Fu&re  will be published in early  1992.

~~ peter Mencll llotcs that CONTU ‘ ‘entirely overlooked’ networh cxtcmalltlcs  in its analysis and recommendations (Mcnell, May 1989, op. cit.,
footnote 13, p. I(K6).

In fairness, this iS not surprising because of: 1 ) the relative paucity of economic analysis of network effects prior to the completion of the CONTU
report, and 2) the fact that the main sources of these network effects in the computer industry-microcomputers and mass-marketed software-had yet
to come into prominence.
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valuable, the larger the network of users). Network
externalities can also arise from indirect effects—for
example, the availability and quality of service can
depend on the number of units that have been sold
(e.g., well-established products or brands are more
likely to have well-developed service departments).
In some cases, network externalities occur for
complementary products like computer hardware
and software-the amount and variety of software
available for use with a particular type of computer
will increase as the computer itself becomes more
popular.

The size of the network giving rise to these
externalities depends on whether products produced
by different firms can be used together.87 Looking at
markets where network externalities are present,
Katz and Shapiro find that firms’ choices whether or
not to make their products compatible will be one of
the most important dimensions of market perform-
ance. In many cases, firms will disagree on the
desirability of making their products compatible:
doing so may raise the profits of some firms while
lowering the profits of others, even if total output
increases. Katz and Shapiro also conclude that
intellectual property laws help determine how com-
patibility is achieved—through joint adoption of an
industry standard (e.g., when patents are strictly and
broadly enforced) or through unilateral actions of
adapters (e.g., when patents are loosely enforced or
narrowly applied) .88

For example, in the absence of legal protection for
user interfaces, a firm’s private benefits from
introducing a new interface may be short-lived, If it
is a market success, other firms will be free to adopt
it. When they do so, they will share in the network
externalities (which are largely due to the originat-
ing firm’s market success), With protection for user
interfaces, a firm can introduce a new interface into
the market and begin benefiting from network

externalities, without allowing its rivals to partici-
pate in the new network.89 Looking at user interface
standards for PC application programs, Menell finds
that these considerations might encourage firms
with brand recognition to introduce proprietary
(noncompatible) product standards, even though
adopting compatible standard would increase net
social welfare.90

Joseph Farrell finds that compatibility and stand-
ardization raise difficult economic and policy issues
for intellectual property, particularly when network
externalities are present. Looking at formal and
informal standards-setting processes for computers
and software, he concluded that:

[I]ntellectual-property rules determine the bounda-
ries of what is protected, and thus determine the
borders at which fighting, or competition, takes
place. 91

Farrell considers that copyright law protects the
useful and valuable ideas in computer software only
indirectly, by protecting “ancillary features” (i.e.,
expression). Moreover, he argues, it can be econom-
ically inefficient to protect the latter—sometimes
they should be imitated in order to take advantage of
network externalities. Therefore, he concludes that
a different mix of protection regimes, to protect the
useful aspects of software but permit compatibility,
would be more economically efficient.92

When compatibility is important, especially when
network externalities are present, the installed base
of products and/or trainin g can affect the pace of
innovation. Joseph Farrell and Garth Saloner find
that when an installed base exists and transition to a
new standard must be gradual, the installed base can
sometimes inhibit adoption of the new standards by
creating ‘‘excess inertia. ’ ’93 In this situation, early
adopters of the new standard will bear a dispropor-
tionate share of transition costs. As a result, when

87 For ~~m~uter~dw~e.~~f~~e m~kets, the issue depends  on whether softwme produc~  for use wi~  one br~d of computer (or opemtklg SyStem)
will run properly on another brand-if so, the brands can be said to “compatible.”

66 Mictiel  L. Katz and CU1 ShpirO ~ ‘‘Network Externalities, Competition and Compatibility,’ The American Economic Review, vol. 75, No. 3, pp.
424-440.

89 Mene~ (my 1989),  op, cit., fOOtnOte  13, pp. 1~7-1068.

~ Ibid.

91 Joseph Farrell, “Standardization and Intellectual Property,” Jurirnerrics Journul,  vol. 30, No. 1, fall 1989, pp. 35-50 (quote from p. 49). As
compatibility becomes more important in an industry, Farrell sees formal standardization beginnning to predominate, even though intellectual property
protections may slow this process by irlcreasing  vested interests.

92 Ibid.,  pp. 49-50,  F~ell suggests t~[ (depend@ on COurt interpretation of laws) this mix might consist of a larger  role for patent ~d less rel~ce
on copyright to protect the most valuable aspects of software. See also Menell (July 1987), op. cit., footnote 15.

93 For disCussio~  of tie ~le of the imMled  &se of ~dw~e ad softwme in e~fier  ~kets, see Fisher et ~., op. cit., foOtKIOte  18, pp. 197-204.
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important network externalities are present, the
switch to a technologically superior new standard
may be slower than socially desirable; even when all
users intend to switch, they may prefer to wait for
others to switch first.94 But the opposite distortion is
equally possible: when the new standard offers early
adopters sufficient advantages over the old technol-
ogy, they may be willing to switch long before a
‘‘network’ of users is well-established. As they
switch, the new technology becomes increasingly
attractive for later adopters, and ‘‘excess momen-
turn’ ’-the inefficient adoption of the new technol-
ogy—may occur, ‘‘stranding’ the old standard and
hurting the old installed base’s remaining users.95

In Farrell and Saloner’s model, the presence of an
installed base and network of users tied to the old
technology creates a bias against a new (even
superior) technology. Additionally, users who in-
tend to switch may prefer not to be early adopters of
the new technology. Farrell and Saloner show that
incumbents can exploit these biases for anticompeti-
tive purposes via anticompetitive product prean-
nouncements and predatory pricing. Premature
preannouncements of improved products using the
old technology may prevent a new technology from
gaining momentum. An incumbent firm may also be
able to deter entry by a credible threat of price cuts
in response to entry.96

The Economics of Copyright and
Home Copying

Almost all of the literature discussed so far in this
section has operated in a business context in
examining linkages between intellectual property

systems and technological advance, appropriability
of rewards to creativity, etc. As we have seen, these
linkages are complex. Therefore, the net effects on
rights holders and on society from stronger/weaker,
broader/narrower, longer/shorter protections are dif-
ficult to predict, let alone measure.

Similarly, the effects of noncommercial, private
copying by consumers (which OTA calls ‘‘home
copying’ are also complex and ambiguous. Eco-
nomic theory suggests that the possible effects of
home copying on resource allocation and on soci-
ety’s economic welfare will vary qualitatively, as
well as quantitatively, depending on the economic
and technological specifics of the industries and
markets. Even for one specific type of home copying
(e.g., home audiotaping), empirical effects are diffi-
cult to estimate with certainty: using survey data to
estimate effects on industry revenues or consumer
benefits necessarily involves many assumptions and
approximations. Because many critical factors are
difficult to measure and because choices among
assumptions about underlying factors are subjective,
even the same survey data can support disparate
estimates of the economic effects of home copying.
A 1989 OTA study, Copyright and Home Copying:
Technology Challenges the Law, examined issues
related to home copying in general, especially home
video- and audiotaping. Chapter 7 of that report
discussed the economics literature on home copying
(i.e., of music and computer software) and reported
on empirical analysis of home audiotaping based on
an OTA survey of consumer taping practices (see
box 6-B for a summary).

~ Joseph Farrell and Garth Saloncr, “Installed Base and Compatibility: Imovation,  Product Preannouncements, and Predation, ’ The American
Economic Review, vol. 76, No. 5, December 1986, pp. 940-955, Farrell and Saloncr use as an example the persistence of the “QWERTY’ keyboard
in the face of the ergonomically more efficient Dvorak keyboard.

95 Ibid,, pp. 941-942.
% Ibid,, 954. ~cdatlon  ~d ~ticompctltil,~  preannouncements have  been  al]cged  in anti~st  lltigatlon,  but are tid to prove (p. 942). ~SO, Sf3Velld

cconomisk+ maintain that truthful preannouncements arc procompctitive  because they provide new information to the marketplace. (See Fisher et al.,
op. cit., footnote 18, p. 289.)
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Box 6-B—Literature on Home Copying

Prompted in large part by the copyright debates of the 1970s and 1980s concerning home audio- and
videotaping, several economists have examined the economics of home copying: the effects of copying on the
supply of copyrighted works (e.g., prices, quantities, variety), on consumer demand (e.g., whether copies substitute
for purchases), and on society’s net economic welfare (e.g., whether copying is economically inefficient, whether
there would be an “excessive” variety of works absent copying). Because the economic effects of copying are
complex and often ambiguous, each of these analyses relies on simplifying assumptions or specific conditions in
order to reduce ambiguity. Therefore, the literature must be interpreted in light of the corresponding assumptions
and conditions.

The Effect of Private Copying on Economic Welfare
Because intellectual property is a public good, ordinary market forces will not necessarily produce the most

desirable social outcomes. Chanting a limited monopoly (e.g., via copyright) attempts to balance distortions arising
from the partial inability of creators to exclude all nonpayers from obtaining their works. According to this rationale,
the inability of creators to appropriate returns from their intellectual property would otherwise result in the
underproduction of new works.

In the long run, the effect of unlimited private copying on society’s economic welfare is ambiguous. As
Johnson (1985) discusses, the long-run effect depends on a number of factors, including relative costs (of producing
a home copy versus another “original”), the degree to which copying affects the demand for originals, the degree
to which copying affects the production of new works, and the degree to which consumers value additional variety.
The net social welfare effect of copying has two components: the effect on producers and the effect on consumers.
Changing the amount of private copying (either increasing or restricting it) will affect not only the net level of
society’s economic welfare, but also the relative balance between producer and consumer welfares.

For example, Besen (1986) notes that copying can increase consumer welfare and producer profits in the short
run-if private copying is efficient and the price of originals can be raised to reflect the value of the copies. On the
other hand, copying may cause producers to reduce prices; this decreases both consumers’ and producers’ welfare.
If, however, copying (by reducing the number of originals produced) reduces ‘excessive’ variety, this can increase
welfare in the long run. This balance between gains and losses for producers and consumers is often the most visible
and most hotly contested issue in debates over copyright scope and enforcement.

Will increased copyright protection for goods like musical recordings and software increase or decrease
society’s economic welfare? Overall, the economics literature indicates that the implications of increasing copyright
protection are complex, and the policy tradeoffs are not simple. Some claim that stronger copyright protection will
decrease the loss to society from the underproduction of works but will increase the loss to society from
underutilization of these works. As Novos and Waldman show, the net result depends on the specifics of each
situation. In some cases, market outcomes—where different classes of consumers are charged different prices of
a good (e.g., individual and institutional subscription rates for journals) or where copyable and noncopyable goods
(e.g., computers and software) are bundled-may be preferable to increased government enforcement, from an
economic perspective. In some instances, as Katz notes, home copying might generate benefits from “network
externalities” relating to the fact that consumers tend to value a hardware/software system more, the more popular
that system and compatible ones are (a larger user base can increase the amount of information available about the
system, enhance the image of a popular product, etc.)
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Appropriability and Pricing
Private copying need not be harmful to producers, if copying is efficient and if producers can increase prices

to take into account the value of the copies that will be made. If not all consumers copy, or if consumers vary in
the number of copies each makes from an original, then efficient pricing would require discriminating among these
groups, charging them different prices according to their valuations of the originals, based on their ability to make
copies. This type of price discrimination is usually infeasible, however, because it is costly and difficult to gather
the necessary information on users’ valuations of originals and because resale is allowed. The inability to practice
perfect price discrimination among users can produce imperfections in markets for intellectual property.

A simplified form of price discrimination is two-tiered pricing, in which producers are able to segment their
customers into two classes and maximize profits by charging each a different price. Looking at the effect of
photocopying on the number of scholarly journals purchased, Liebowitz has examined journal publishers’ ability
to indirectly appropriate copiers’ true valuation of originals through higher subscription prices to libraries and
institutions. He concluded that publishers can indirectly appropriate revenues from copiers who do not directly
purchase journals. Since copying may have different effects on other media, however, case-by-case empirical
investigation of the institutions and markets involved may be necessary.

Price Discrimination, Resource Allocation, and Variety
The inability to charge different classes of consumers different prices for a good in intellectual property markets

means that the prices consumers pay need not reflect their actual valuations of the good: some value the good more,
and will be willing to pay more. Those who do not value the good at a given price will not consume it. If they could
be offered a lower price reflecting their valuation, however, then they would purchase it and both producers and
consumers would be better off. Moreover, the decoupling of prices and valuations makes resource allocation—
decisions about what to produce—more difficult and markets less efficient. Besen’s analysis for the 1986 OTA
report noted that where there are many producers of competing types of intellectual property, the resulting market
structure is one of monopolistic competition: firms will have some control over the prices they can charge because
their products are differentiated (e.g., music by different recording artists or groups). When firms are unable to
charge different consumers different prices, however, there may be either excessive or insufficient variety. Under
these conditions, when private copying serves to reduce the variety of products being offered, it does not necessarily
reduce the efficiency of supply or make consumers worse off.

SOURCES: U.S. Congress, Office of Technology Assessment, Copyright and Home Copying: Technology Challenges the Law, OTA-CIT-422
(Washington, DC: U.S. Government Printing Office, October 1989), ch. 7; William R. Johnson, “Estimating the Effect of Copying
on the Demand for Original Creative Works,” contractor report prepared for the Office of Technology Assessment (Springfield,
VA: National Technical Information Service, October 1989); Michael L. Katz, “Home Copying and Its Economic Effects: An
Approach for Analyzing the Home Copying Survey,’ contractor report prepared for the Office of Technology Assessment
(Springfield, VA: National Technical Information Service, October 1989); Ian E. Novos and Michael Waldman “The Emergence
of Copying Technologies: What Have We Learned?” contemporary Policy Issues, vol. 5, July 1987, pp. 34-43; Stanley M. Be-
“Economic Issues Relating to New Technologies and Intellectual Property,” contractor report prepared for the Office of
Technology Assessment by the Rand Corp. (Springfield, VA: National Technical Information Service, 1986); Stanley M. Be-
“Private Copying, Reproduction Costs, and the Supply of Intellectual Property,” Information Economics and Policy, vol. 2, 1986,
pp. 5-22; William R. Johnson “The Economics of Copying,” Journal of Political Economy, vol. 93, No. 11, 1985, pp. 158-174;
S.J. Liebowitz, “Copying and Indirect Appropriability: Photocopying of Journals,” Journal of Political Economy, vol. 93, No. 5,
1985, pp. 945-957; Ian E. Novos and MichaelWal&naq‘‘The Effects of Increased Copyright Protection: An Analytic Approach”
Journal of Political Economy, vol. 92, No. 2, April 1984, pp. 236-246; and Walter Y. Oi, “A Disneyland Dilemma: Two-Part Tariffs
for a Mickey-Mouse Monopoly,” Quarterly Journal of Economics, February 1971, pp. 77-94.
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Appendix A

Selected Computer Hardware and Software
Initiatives Overseas

Introduction

European producers have long faced competition from
U.S. fins; they now face increased competition from
Japanese firms positioning themselves in Europe in
anticipation of the single European market. At the same
time, the European software market is growing rapidly
and packaged software+-long a U.S. strength-is becom-
ing more popular. European research in computing is
fragmented; market unification is expected to permit
more integrated research in information and telecommu-
nication technologies.l

Japanese firms are positioning themselves for rapid
expansion in the United States, Europe, and Asia;
Japanese computing research emphasizes massively par-
allel and distributed computing, optical computing, neu-
ral nets, and applications of fuzzy logic; software areas
receiving attention include supercomputer software and
graphical-display software for use in simulation and
animation, The Japanese approach for “manufacturing’
software has received much attention. Custom software
currently dominates the Japanese market but some
consider that Japanese “software factories’ can extend
Japan’s advantage in quality “embedded” software to
packaged software as well.2

Taiwan and Singapore are both developing information-
technology industries, During the 1980s, a number of
government measures facilitated development of Tai-
wan’s microcomputer industry; the government is now
focusing on nurturing a software industry. Over the past
decade, Singapore has actively pursued a national goal of
developing a software and services industry. It is now

targeting strategic computing technologies like commer-
cial applications of expert systems, neural nets, and fuzzy
logic.

Europe

Computer Hardware

Europe makes up about one-third of the world com-
puter market. In 1989, U.S. firms accounted for more than
half of all computer sales in Europe and were even more
dominant in the mainframe market; Japan held only about
10 percent of the computer market.3 According to
International Data Corp., the total European mainframe
market was valued at $8,440 million in 1989 and $9,069
million in 1990. IBM, which earned 37 percent of its
revenues in Europe in 1989, accounted for 52 percent of
mainframe sales in 1989 and 61 percent in 1990.4

Computer hardware sales are slowing in Europe, due in
part to economic conditions. Mainframe and minicom-
puter sales have slowed the most, despite price discounts,
while microcomputer and workstation sales are more
robust. 5 The latter reflects a trend in Europe toward
smaller computers—annual growth in the microcomputer
market is estimated at 25 percent for 1990 and 22 percent
for 1991.6

During the downturn, European manufacturers like
Olivetti and Groupe Bull have been more vulnerable than
U.S. firms.7 But now, in addition to slower sales, U.S. and
European manufacturers are facing increasing competi-
tion from Japanese manufacturers, especially in the

1 Another expected outcome is more uniformity in European standards. See U.S. Congress, Office of Technology Assessment, Global Standards:
Building Blocks for the Future, forthcoming 1992.

2 Sometimes a computer, its memory, and ofteu its programs, are embedded in another device such as an automobile engine, videocassette recorder,
microwave oven, or television set. Such a computer is called an embedded computer and its programs are embedded applications programs. Some of
the market estimates cited in this chapter may include the value of some embedded software but these were not reported separately.

3 Richard L. Hudson, ‘‘Japanese Set To Do Battle in Europe’s Computer Market,’ The Asian Wall Street Journal Weekly, vol. XII, No. 34, Aug. 20,
1990, p. 1.

d Dab  ci~d  in ~el Komel,  “Fujitsu Move Rattles Europe,’ Computerworld,  vol. 24, No. 32, Aug. 6, 1990, p. 1.
5 Before the slowdom computer sales in Europe were growing at a rate almost twice that in the United States. The slowdown came after 5 years

of heavy computer buying in Europe, reflected in 30-percent growth rates in computer sales in the late 1980s. Growth rates from Jonathan tivine  et al.,
“Europe Ain’t No Bonanza Anymore,” Business Week, Aug. 6, 1990, pp. 26-28.

6 By comp~so%  ~m~ ~ tie U.S. ficmcomputer  market  is estimated at 10 to 15 percent in 1990 and 1991, compmed  to 50-Percent annual Wow
rates in the mid- 1980s.  (Levine et al., op. cit., footnote 5, pp. 27-28.)

7 France’s state-owned Groupe Bull’s strategy to compete in the market of the 1990s depends in part on “open systems’ based on AT&T Unix. Bull
had revenues of $6.5 billion in 1989. Bull purchased Zenith Data Systems (laptop and personal computers) in 1988; Bull and NEC bought into
Honeywell’s computer business in 1987 and Bull took majority control of what is now Bull HN in 1988. Seventy percent of Bull’s revenues come from
outside France, including 33 percent ffom the rest of Europe and 30 percent from the United States. (Jonathan Levine and Gary McWilliams,  ‘‘Francis
Lorentz’ Scheme To Get Groupe Bull Charging,” Business Week, July 16, 1990, pp. 154,156.)
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mainframe market. Previously, m “mainframes made by
Fujitsu, NEC, and Hitachi have been resold by European
manufacturers like Siemens A.G. and Comparex.8 Re-
cently, however, Japanese firms have been establishing
European bases of operation in anticipation of 1993’s
single market. For example, Fujitsu has acquired control-
ling interest in ICL (Great Britain’s largest mainframe
manufacturer) 9 and Mitsubishi has acquired Apricot
Computers Ltd. (Great Britain’s largest personal-
computer manufacturer), now called ACT Group P. L.C.10

Nevertheless, despite slower sales and increasing compe-
tition from Japan, the European computer market is still
a lucrative and important one for U.S. manufacturers (see
table A-l).

Software

The software market in Europe, valued at $32 billion in
1990, is growing faster than the U.S. market and faster
than the European hardware market.11 At the same time,
the composition of the market is shifting. Computer
software-and-services companies, producing custom (’‘be-
spoke’ software tailored to clients’ operations and
needs, are facing growing competition from packaged
software. Packaged software’s share of the market is
increasing, accounting for 29 percent of software sales in
1989, up from 11 percent in 1979.12

According to the market research organization Ovum,
the top 40 packaged software vendors in Europe (includ-
ing 21 U. S., 6 French, 5 German, and 4 British compa-
nies) accounted for 64 percent of packaged software sales
valued at $11 billion in 1989.13 Most of the major
European packaged software vendors have been either
large hardware manufacturers or systems houses focusing
on sales of hardware or computer services, rather than
specializing in packaged software (see table 3-3 inch. 3).
With sales of both system and applications software, the
largest vendor of packaged software overall in Europe is
IBM, with 1989 sales worth $2.12 billion. Almost all of

Table A-l —U.S. Computer Manufacturers’ Domestic
and European Sales (1989)

Revenue Percentage of sales

Company ($ billions) United States Europe

IBM . . . . . . . . . . . . . . . . . . $62.7 41 .0% 37.0%
DEC . . . . . . . . . . . . . . . . . 12.7 46.0 40.0
Hewlett-Packard . . . . . . 11.9 46.7 34.7
Apple . . . . . . . . . . . . . . . . 5.3 64.4 22.9
Compaq . . . . . . . . . . . . . 2.9 54.6 41.8
Sun . . . . . . . . . . . . . . . . . . 1.8 57.9 24.2
Tandem . . . . . . . . . . . . . . 1.6 50.1 32.5
SOURCE: 1989 data from Salomon Brothers, Inc. and company reports,

cited in: Jonathan Levine et al., “Europe Ain’t No Bonanza
Anymore,” Business Week, Aug. 6, 1990, p. 27.

the major packaged software vendors that specialize in
software are U.S. firms like Microsoft or Computer
Associates International.14

Research and Technology Initiatives

Historically, research in Europe has been fragmented
by company and country. Beginning in 1993, market
unification in the European Community (EC)15 will
permit more integration of research in member countries,
with the intention of strengthening the technological base
of industry in the EC and improving EC industry’s global
competitiveness. The Research and Development (R&D)
Title to the EC Treaty provides a firmer legal basis for
cooperation in R&D and calls for the EC to adopt a
multiyear framework laying out all its R&D activities. In
1987, the EC adopted the “New Framework Program,”
after debate concerning content of, and funding for,
cooperative R&D, and the relative merits of coordinated
research versus competition in stimulating commercially
productive innovations.l6

There have been three Framework Programs, providing
R&D funding in overlapping 4-year periods: Framework

8 Komel, op. cit., footnote 4.
g ~v~e et ~.,  op. cit., foo~ote  5, and David E. Sanger, “Fujitsu TO BUY la s~e~ “ The New York Times, July 31, 1990, pp. Dl, D6.
10 Ricbd  L. Hudson, *’Japame  Set To DO Batfle ~ Europe’s Computer ~ke$” The Asian Wall S@eet Journul  Weekly, Aug. 20, 1990, pp. 1, 6.

11 Estimate from: ‘Eurowa,n Software Industry 1992 Market Changes Response Proftie  (Executive SWMMIY ),’ prepared by Ernst& Young on behalf
of the Scottish Development Ageney (130stom  MA: Clarke & Co., 1990).

(z “s~vation in services?” The Economist, Aug. 11, 1990, pp. 70-71.

13 Ralph Bancroft, “Europe Struggling in Software, ” Computerworld,  July 23, 1990, p. 97.
14 Ibid.
15 For ~ sum of tie ~pacts  of tie E(J92  fitiative  on science ~d t~~ology issues, inclu@ indus~ R&D ~d s~tids,  see Glenn J.

McLaughlin (coordinator), “The Europe 1992 Plan: Science and Technology Issues, ” Congressional Research Service Report for Congress, revised
Aug. 23, 1989.

16 Dis~ssion  from Candiee SteverK, “ 1992: The European ‘Ikdnology ChaUenge,’ Research & Technology Management, vol. 33, No. 1,
January-February 1990, pp. 17-23.

For more discussion on science andl technology programs in Western Europe, see Congressional Rese~h Service, Library of Congress, Transfer
of Technology From Publicly Funded Research Institutions to the Pn”}ate  Sector, prepared for the Subeommmi ttee on Oversight and Investigations of
the Committee on Energy and Commeree,  U.S. House of Representatives, Committee Print 102-G, 102d Congress, 1st Sess., July 1991, pp. 51-68.
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One (1987-91), Framework Two (1988-92), and Frame-
work Three (1990-94). This is intended to allow continu-
ation of current R&D programs while providing a way to
reevaluate them. The Framework Programs provide
support for many fields of science and technology;
support for R&D in information technology and commu-
nication technology is provided through the ESPRIT and
RACE programs, respectively .17 Phase I of ESPRIT
began in 1984, before the Single European Act, and
continued through 1988; it addressed basic technologies
and standards in microelectronics and software, as well as
computer applications like computer-integrated manufac-
turing and office systems. Phase II of ESPRIT (1988-92)
continues the initiatives begun in phase I and also
includes new basic research projects; currently about
3,000 researchers are involved in 200 ESPRIT projects.18

ESPRIT’s software accomplishments to date include
development of software for optimizing designs of
application-specific integrated circuits (ASICS) and software-
development and software-integration tools developed
under the Portable Common Tool Environment project.19

The EC contribution for ESPRIT II during 1988-92 is
about 1,600 million European Currency Units (ECUs),
nearly $2 billion.20

The RACE program includes research and standards
projects intended to move the EC toward combined
communications (voice, data, video, electronic mail)
based on integrated services digital network (ISDN)
standards. The EC contribution for RACE during 1987-92
is 550 million ECUs, or $660 million.21

Japan

Computer Hardware

Beginning in the mid- 1950s, the Japanese Government,
which recognized the strategic importance of the com-
puter industry, used capital, subsidized R&D, and protec-
tive regulations and procurement policies to nurture a
developing Japanese computer hardware industry.22 By
1990, these policies had paid off in an industry with
compelling strengths in memory chips, flat-panel dis-
plays, and optical disks. In 1980, the Japanese industry
had a 10 percent share of the world computer market; a
decade later, Japan’s share of the world computer market
was expected to exceed 40 percent by 1992.23 Japan
already dominates the laptop and notebook computer
markets.

In 1990, IBM held almost 52 percent of the world
mainframe market, followed by Fujitsu (9.5 percent),
Hitachi (6.8 percent), Unisys (6.6 percent), Amdahl (4.6
percent), Siemens (2.8 percent), and NEC (2.7 percent) .24
Japanese mainframe computer manufacturers have been
positioning themselves via product development, market-
ing strategies, and acquisitions for rapid expansion in the
U. S., Asian, and European markets now dominated by
I B M.25 For example, Fujitsu has acquired ICI P. L.C.,
Britain’s largest mainframe computer manufacturer26 and
the world’s ninth-largest producer of mainframe comput-
ers. Fujitsu acquired an 80 percent share of ICL for about
$1.4 billion and thereby became the world’s second-
largest computer manufacturer (in terms of sales), behind

17 ESPRIT iS tie ~monym for E~ope~ S@ateglc ~ogamme for Rcse~ch  ~d Development in ~o~tion  Techrlologies;  RACE is tie acronym for
R&D in Advanced Communications Technologies in Europe. See Congressioml Research Service (July 1991), op. cit., footnote 16, pp. 56-58.

la Ibid., pp. 57-58.
19 Gadi Kapl~ ~d Alfred Rosenblatt  (@.), “The Expanding World of R& D,’ IEEE Specrrum, October 1990, pp. 2$33.

ZO Con=essiom]  Research Service (July 1991), op. cit., footnote 16, pp. 57-58.

2} Ibid., pp. 59-60.
22 me .kchordoguy, “How Japan Built a Computer Industry, ” in Charles H. Ferguso% “Computers and the Coming of the U.S. Kcirctsu,  ”

HanardBusiness  Review, July-August 1990, p. 65.
Between 1965 and 1985, Japanese R&D expenditures as a percentage of gross nationat product (GNP) nearly doubled, from 1.27 percent of GNP

in 1965 to 2.53 percent in 1985. Over the same period, the Japanese Government’s  share of R&D expenditures fell from 31 to 19 perccn~ although totat
government funding increased, industry R&D grew more rapidly. (National Science Foundation and Japan Science and lkchnology Agency data cited
in: Leonard H. Lynn, “Technology Policy in Japan+”  Forumfor  Applied Research and Public Policy, fall 1990, pp. 57-61.)

For a discussion of Japan’s basic research initiatives, see “CanJapan Make Einsteins Too?” The Economist, Aug. 11, 1990, pp. 81-83. Japan’s R&D
expenditures now total over 2.9 percent of GNP, vvith  government expenditures amounting to 20 percent of this sum and expected to double during the
1990s (ibid., p. 81).

23 “Computas  and C)ther  Targets: How Japan Learns, and Wins, Even by bshg,” The New York Times, May 11, 1990, p. A32 (editorial).
~ N~el, DC dam cited in Jean S. Bozman  and LQri  W@% “Long-Tkxrn Globat  Strategies Unfold,” Compufenvorld,  Nov. 26, 1990, p. 101.
25 For exmple, in 1989 ~~~ acqu~ed  80 ~ment  of Natio~ Advmced  Systems, now ~led fiMc~ Dam systems @leCtK)tlic Data SyStC!mS OwIIS

the other 20 percent), and Fujitsu has owned 43 percent of Amdahl  since 1984. See Robert D. Hof and John W. Verity, “The Japanese Threat in
Mainframes Has Finally Arrived, ” Business Week, Apr. 9, 1990, p. 24; Jean S. Bozman and Imri Wligra, “Imng-lkrm  Global Strategies Unfold, ”
Computenvor/d,  Nov. 26, 1990, pp. 1, 101.

26 Jeff Shea,  ( ‘Japa  Upsets  Computer Applec~”  ~n~ighr,  Oct, 22, 1990, pp. 44-4’5. Fuji~u was  &ady manufacturing ICL hardware.
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IBM and just ahead of Digital Equipment Corp.27 By the
time that Fujitsu acquired ICL, the British firm had grown
dependent on Fujitsu for crucial technologies (e.g.,
computer chips, circuit boards, cooling systems) .28 Fujitsu’s
acquisition of ICL was of special concern to the European
information-technology community because ICL was a
partner in about 40 hardware and software projects being
conducted under the European ESPRIT prograrn.29 Fujitsu
also has a majority interest in a mainframe computer
factory in Spain and an agreement to sell powerful
mainframes through Siemens A.G. Coupled with concen-
tration in the European computer industry due to financial
pressures, such acquisitions position Japanese firms like
Fujitsu or Mitsubishi Electric (which has acquired the
manufacturing facilities of Apricot, a British PC com-
pany) to participate in the EC’s single market after 1992.30

At the same time, Japanese investments in computer
and software firms in the United States have continued to
grow through minority equity positions as well as
acquisitions. In 1990, Mitsui & Co. purchased a minority
interest in Unisys with $150 million of preferred stock
that can be converted into 4.6 percent of Unisys’ common
stock outstanding. Unisys also arranged a $50-million,

31 Also in 1990, Mitsubishi Kasei5-year loan from Mitsui.
Corp. acquired Verbatim Corp. for $200 million.32 Canon
has invested $100 million in NeXT Computer (multime-
dia computing), Canon Sales Co. has invested in FPS
Computing Inc. (64-bit computers), and Fujitsu has
purchased 46 percent of Poqet Computer (notebook
computers) .33

Computing Research Focus

Japan’s highly publicized Fifth-Generation project
(1982-91) was intended to create “intelligent” machines
that could support expert systems to emulate human
reasoning and could communicate with humans through
natural (rather than computer programmingg) languages.
MITI initiated the Fifth-Generation project in 1982 and
anticipated three phases: 1) study of existing knowledge
in logic processing and parallel processing and develop-
ment of prototype hardware and software systems; 2)
construction of small-scale subsystems for logic process-
ing and parallel computation; and 3) completion of a
full-scale prototype computer implementing inference
and knowledge-based functions in hardware (for speed)
and using software for knowledge-base acquisition and
management, natural-language interfaces, and “intelli-
gent” (user-friendly) programming tools.34 Today’s Jap-
anese artificial intelligence (AD) market reflects industry’s
commitment to increase the use of AI technology,
especially expert systems in the financial and manufactur-
ing industries, in support of the Fifth-Generation proj-
e c t .3 5

Although Japan, along with other countries, made
progress in AI research, the Fifth-Generation project fell
far short of its original goals. However, the project has had
two important consequences. First, it stimulated research
in the United States and Europe, as well as Japan, and
enabled Japan to build up a basic-research infrastructure
in computing, training, and influencing thousands of
Japanese computer professionals. Second, it gave cre-
dence to, and focused Japanese Government and industry
attention on, parallel processing.

36 Emphasis on mas-
sively parallel computing, part of what is referred to as the

27“Fuji@u’s ~~e of ICL nl~firates ItS A~ssive Pursuit of Europe Marke4°  The Asian Wall Street Journal Weekly, Aug. 6, 1990, p. 5.
28 Sager (J~y 1990), op. Cit., fo’emote 9“

Z9~p~  ~d Ros~blafi  (eds.), op. cit., footnote 19, pp. 28-33.
30 Singer (July 1990),  Op. Cit.,  foo~o~ 9“
31 paul B. CWO~ $~ufiv.s, s@=@ wi~  Big ~bt ~ad, Sells  pr~e~ stock to Jap~e~  F~” The Wa//Street Journa/,  June 27, 1990. Mhfi

and Unisys have had long-standing business relations: each owns one-third of Nihon Unisys Ltd., a computer marketer that does $2 billion of annual
business in Japaq  and Sperry (which merged with Burroughs to form Unisys in 1986) began working with Mitsti  in the 1950s.

32 ~c~l R. Sesit ‘Jap~e~ Are More Willing To Buy Minority Stakes in U.S. COrnptieS, “ The Asian Wall Street Journal Weekly, Aug. 13,1990,
p. 21.

33 Neoconcq~ da@ reported in: Sh,~fid~  ~LSIMIO, ‘‘U.S. Threatened by Rash of High-lkch  Buyouts,” New Technology Week, Aug. 6, 1990, p. 7.
Fujitsu also owns 44 percent of the Amdahl  Corp. (mainframes). (Arniel Kernel, op. cit., footnote 4.)

34 S= Michael A. Cusuman o, Japan’ sSojiware  Factories: A Challenge to Japanese Management (New York, NY: Oxford University Press, 1991),
pp. 410-417. In addition to describing the Fifth-Generation project and its outcomes, Cusumano examin es Japanese approaches to software development
in detail.

35An Asses~ent  Of the JapaneseA~ificial  Intelligence Market, U.S. Department of Commerce, ~t~tio~ ‘fmde  ~“ “stration (Springtleld,  VA:
National ‘Ikchniczd  Information Service, May 1989), p. xvii. According to 1~ most Japanese expert system tools used to build expert systems are less
expensive and less complex than U.S. counterparts; Japanese users prefer easy-to-use products with Japanese language capability.

The 1990 market for AI hardware and software was about $2.5 billion but the market is expected to reach $10.6 billion by 1995 (MITI estimates,
ibid., p. vii). According to ITA, most Japanese AI software runs only on the hardware for which it was develop@ the eight largest Japanese computer
firms (Hitachi, Fujitsu, Toshiba, NEC, Oki, Sharp, Mitsubisbi and Matsushita) control 60 percent of the total Japanese AI hardware and software market
(ibid,, pp. xix, 42).

36 see Cusumano, op. cit., foomote 34, and David E. Sanger, “Japan Is Planning ‘lb Challenge U.S. in Computer Field,” The New York Times, Apr.
30, 1990, pp. Al, D14. The Japanese Government provided about $250 million in funding from 1981 to 1990 and is expected to spend another $40 to
$50 million before the project ends in 1992.
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Sixth-Generation project, is a change in direction from
earlier Japanese efforts to produce very fast supercomput-
ers that relied on speed (rather than parallelism) for
computational power.

Parallel processing is thought to hold great promise for
applications like picture, sound (voice), and character
recognition. To this end, advances in parallel and
fault-tolerant architectures, as well as in chip technology,
will be required. But, interestingly, the hardware to build
massively parallel machines is simpler to design and
develop than is the complex software required to coordi-
nate parallel processing and efficiently exploit the capa-
bilities of the hardware. Therefore, MITI has convinced
government officials and industry to devote resources to
a large effort to develop parallel-processing software.37

In April 1990 MITI published a broad outline of how
to proceed from the Fifth-Generation project; one of the
objectives outlined was a concerted effort to master
massively parallel processing. MITI’s plans for this New
Information Processing Technologies (NIPT) program
called for leapfrogging the evolutionary technology-
development paths that most U.S. firms and research
programs are following, concentrating instead on mas-
sively parallel and distributed computing systems, neural
nets, 38 optical computing, and applications of fuzzy
logic. 39 By spring 1991, the focus of the program
appeared to be shifting to a more interdisciplinary, basic
research focus that could eventually lead to development
of massively parallel, distributed processing systems
based on optoelectronics.40

Software

According to a 1990 American Electronics Association
report, the software market in Japan is only about
one-third the size of the U.S. market. However, it is
growing much more rapidly-in part, because it is less
mature. The Japanese market (for packaged and custom
software), estimated at about $18 billion in 1990, is
expected to grow to some $33 billion (about 20 percent of
the worldwide market for software) by 1995.41 (In 1986,
the Japanese software market was estimated at only about
$5.4 billion.42)

The composition of the Japanese market differs signifi-
cantly from its United States and European counterparts
in that custom software (rather than packaged software)
accounts for 80 percent of software sales. By contrast,
packaged software is more common in Europe and
predominates in the United States, accounting for 75
percent of the U.S. market, according to the American
Electronics Association.43 The prevalence of custom

software in Japan accounts for the situation that, although
imported software accounted for about half of packaged
software sales in Japan in 1988, imports amounted to less
than 10 percent of the total market.44

Much attention has been focused on the Japanese
approach to software development through ‘‘information
systems” factories bringing manufacturing-style produc-
tion and quality controls to software development. U.S.
observers have raised concern that this approach will
extend Japanese productivity and success in embedded
software (in electronics) and in custom programming to
the packaged software market worldwide.45

37 Sager (April  1990), oP. cit., fOO~Ote 36.
38 For ~mple, ~Shiba  co~. i5 develop~ a c~acter.r~ogrlition  dev]ce tit USCS a ne~~ ne~ork to identiy  boti katakana (a Japanese phonetic

alphabet) and numericat  characters. The system, which will be marketed in 5 years for applications in automatic-teller machines and optical character
readers, reportedly has a 95-percent accuracy rate. (’‘Neural Network Device Can Read Handwriting, ’ The Asian Wall Street Journal Weekly, Feb. 11,
1991, p. 8.)

39 Rjctid  McCo~~ ‘‘Ameri~ Scramble To Figure Out Japan’s Next Thrust in ~Omputhg, “ New Technology Week, vol. 4, No. 48, Dec. 3,
1990, pp. 1-2.

Fuzzy logic can be used to reduce superfluous software coding in massively parallel computers. A fuzzy-logic chip can be used to reduce the number
of conventional logic circuits needed, making it possible to install simpler controllers that require less-complex software to run them.

40 ~~ offic~s  sm~g us. Government ~ppon  for p@CipatiOn  in ~ by u,sc ~dus~ ad a~demic  researchers Were describing the program
as focused on basic research and developmen~  with a special focus on the brain and neural research. (Richard McCormack, ‘‘U.S. Chilly 10 Japan on
6th Generation Initiative,” New Technology Week, vol. 5, No. 22, May 28, 1991, pp. 14.)

41 Japa ~omtlon SeNice ~dus~ Ass~~tion es~tes cited ~: fieric~ Elec@o~cs Association ~dusq committee ill Japaq  ~Ofl  Landing

in Japan, (Tokyo, Japan: American Electronics Association Japan Office, June 1990), p. 7. OTA note: ‘l%ese  figures may include some ‘‘services’ as
part of custom software revenues.

42 ~~so (me Computer Sofwtie ~d smi~s ~dustry  Ass~iation)  estimate in: JeffSh~,  “competitive  Softwwe  ~dus~ SUitS Up for Globid
Hardball,” Insight, July 10, 1989, p. 39.

43 ~efica El~@onics  Assoc~tio~  op. cit., foo~ote  41, pp. 7-8. OTA note: These fi~w may include some “services’ as part of custom software.
4Japanese SofWare: The Nat Competitive Chaflenge, prepared by Dewy, Ballantine, Bushby,  P*er & Wood for ADAPSO’S ~te~on~

Marketing Seminar (Arlington, VA: ADAPSO, January 1989), p. vi.
45 s=, e.g., Cuwmo, op. cit., footnote 34, md Ned Gmss, “Now Software Isn’t Safe From Jap~” Business Week, Feb. 11, 1991, p. 84; Shlomo

Maital, ‘‘Why Not Software Factories,’ Across  the Board, October 1990, pp. 5-6; and Jacob M. Schlesinger, ‘‘Japanese Concept of Software Factory
Could Reshape Industry World-Wide,’ The Asian Wall Street Journal Weekly, Feb. 11, 1991, p. 4.
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Moreover, in mid-1991 MITI announced the formation
of a new R&D committee to study numerical simulation
using supercomputers and high-end workstations. The
purpose of this new MITI group, with participants from
academia and 20 companies including Fujitsu, Hitachi,
IBM Japan, and NEC, is to put together experimental and
theoretical underpinninggs for developing advanced super-
computer hardware and software for use in simulation and
animation. In concert with other Japanese technology
initiatives, such as the Sixth-Generation project and
MITIs’ new international project on next-generation
structural models for large computer systems, the super-
computer simulation initiative may give Japan strong
capabilities in supercomputer software, as well as hard-
ware.46 However, the United States still leads in super-
computers, as well as high-speed networks,47

Rapid growth in the Japanese market has led more than
60 U.S. software companies, including Lotus Develop-
ment Corp., Microsoft, Computer Associates Intern-
ational, and Adobe Systems Inc., to establish subsidiaries
or offices in Japan.

48 At the same time, Japanese
companies are establishing themselves in the United
States. For example, last fall an engineering group in Sony
Corp. ’s U.S. unit began work developing a new version
of Unix as a basis for developing Unix application
programs. Sony is one of the first Japanese companies to
develop software applications (in this case, with a staff
consisting mainly of U.S. software engineers) in the
United States.49 Unix microcomputer and workstation
software is expected to grow in importance in Japan
during the 1990s.50

Taiwan

In Taiwan, government measures, including research
funding and tax advantages, spurred development of
Taiwan’s computer-hardware industries during the 1980s.
At present, Taiwan has relatively strong microcomputer
and semiconductor chip industries made up of domestic
manufacturers as well as original equipment manufactur-
ers (OEMS) from the United States and Japan.51 In 1990,
revenues for these industries amounted to $1,566 million
for microcomputers and $450 million for semiconductor
chips.52

For the long term, however, Taiwan faces a transition
from a manufacturing to a service and knowledge-based
economy. 53 Accordingly, interest in the domestic and
global software markets has increased sharply, and
industry leaders called for the government to institute
policies and programs to assist the software industry, as
it did for the hardware industry. To this end, the
government of Taiwan has provided research funding
and, in some cases, investment and tax incentives for
software developers.

54 This software activity takes place
in a larger context of increasing total R&D expenditures
as a percentage of gross national product (GNP), increas-
ing business expenditures for R&D; and emphasis on
target industries including microelectronics, computers,
computer peripherals, materials, automation and robotics,
as well as software and information science.55

By the mid-1980s, according to the U.S. Department of
Commerce, such government efforts had given rise to
over 100 small software houses in Taiwan, most with
fewer than 20 employees. These software houses were

46 Sheridan Tatsuno, “The Latest MITI Thrust: Supercomputer  Simulation Hardware and Software,” New Technology Week, June 10, 1991, p. 3.
AT S= U.S. Cowess,  office  of ‘whuoIogy  Assessment  Seeking Solutions: High-Pe&ormance  computing for science, OTA-BP-TCT-TT

(Washington DC: U.S. Government Printing OffIce, April 1991); and U.S. Congress, Office of ‘lkchnology Assessmen4  Networking the Nation: The
National Research and Education Network, forthcoming 1992.

48 Gross and Schwartz, op. cit., pp. 56-57.
For case studies of six U.S. software fm in Japan (Autodeslq Lotus, Comshare,  Ingres,  Oracle, and SDC), see American Electronics Associatio~

op. cit., footnote 41, pp. 77-89.
49 “Engineering Group Set Up To Work on UNIX Software,” The Asian Wall Street Journal Weekly, Aug. 20, 1990.
50 ~eficm El~@Onics ASSO&tiOn, op. cit., foo~ote 41, pp. 1~1 1. DC dam Citti  by tie American  IUeCtrOniCS  Association indicate that While

MSIDOS  will continue to dominate microcomputer operating systems in the early 1990s, use of Unix systems is expected to grow at a compound annual
growth rate of 140 percent during this period, compared to 25 percent annually for MS/DOS.

s] pad C.B. Liu, “computer Sofware  and htellmtual property Law in the PaCtilC w counties, ’ contractor report prepared for the Office of
‘Ikchnology  Assessment, March 1991, p. 4.

52J~fim Wu, ~ket ~telligence  Centa, ~ti~te for ~o~tion ~dus~,  pe~o~ communication (letter), June 13, 1991.

53 ~or~g  t. Taiwan’s  Council of’ Economic P1 arming and Development, 50 percent of Taiwan’s GNP will come from services by the year 2000.
Chris Brow “Taiwan Software Firms Ponder World Market,” computerworld, vol. 24, No. 29, July 16, 1990, pp. 110111.

54 ~or~ t. tie ~tl~te for ~omtion  ~dus~’s ~ket  ~Ie~gence Centti, con~tions under which sofware  fms may receive bvti~ent
and tax incentives are stricq from 1985 to 1989 only 15 soflware companies qualifkd  for the tax incentive. (Jullian  Wu, Market Intelligence Center,
Institute for Information Industry, personal communication (letter), June 14, 1991.)

55 Dennis  Fred Simou  “~koIcIgy Policy On dle  PaC~lC  Rim,” Forum for Applied Research and Public Policy, fall 1990, pp. 67-72. In 1978, total
R&D expenditures in Taiwan amountedl  to 0.5 percent of GNP ($1 11 million); by 1987, R&D spending had increased to 1.2 percent of GNP; ‘Ihiwan’s
10-Year Science and lkchnology Development Plan projects R&D expenditures of 2 percent of GNP by 1995.
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primarily developing application-software packages; by
contrast, systems-software development in Taiwan was
mostly being done in publicly supported research insti-
tutes like the Institute for Information Industry (III). Tax
incentives and the availability of skilled, lower-cost labor
led major U.S. corporations like Hewlett Packard, IBM,
and Wang to establish software-development groups in
Taiwan .56 Computerization of whole industries in Taiwan
contributed to the rapid growth of Taiwan’s software
industry. By 1990, it had grown to about 300 software
firms; 1990 revenues from sales of Taiwanese application-
software packages amounted to $149.5 million.57

The government-sponsored III has been charged with
promoting progress in the software industry through a
variety of technical and institutional means. These include
development of Chinese versions of Unix and the X
Windows interface for use in workstations58 and educa-
tional efforts to promote intellectual property concepts to
the public,59 as well as market-intelligence, economic,
and legal research for the industry.60 III has also signed a
cooperation agreement with the Justice Yuan for informa-
tion exchanges and joint research in computer law.61

Singapore
Over the past decade, Singapore has actively pursued

a national goal of developing a vital software and services

industry. This has largely been done under the auspices of
the National Computer Board (NCB), established in
1981.62 According to the U.S. Department of Commerce,
in 1982 the government of Singapore initiated a 5-year,
$80-million program under the direction of NCB to train
computer specialists and provide financial incentives for
local software development.63 Three government-run
training institutes were established under this program; of
the three, one was a joint venture with IBM, and another
was provided with significant funding and equipment
from the Nippon Electric Co. (NEC) of Japan.64 By late
1984, Singapore’s financial incentive packages resulted
in the establishment of software centers by Nixdorf, the
Digital Equipment Corp., Hewlett Packard, and Sperry .65

In 1983, the revenues for Singapore’s software industry
amounted to $24 million; about $4 million came from
exports.

66 
AS of 1990, according to the U.S. International

Trade Administration (ITA), software and services were
a billion-dollar industry in Singapore.67

According to the ITA, having accomplished its initial
objectives, the NCB is now using its applied-research
arm, the Information Technology Institute (ITI) to strate-
gically target R&D and commercial uses of emerging
technologies like AI and fuzzy logic. 68 At the Nanyang

Technical Institute, collaborative R&D by government
and industry targets computer integrated manufacturing,

56 U.S.  Dep~cnt  of Commeme,  office of Computers and Business Equipment/Science and Electronics, A Competitive Assessment of the Unired
Stares  Software Ittdusfry  (Wa.shingtorL  DC: U.S. Government Printing Office, December 1984), p. D-2.

S’7 Jullian WU, Market Intelligence Center, Institute for Information Lndustry, personal communication (letters), Jum 13 and 14, 1991.
58 c~s Brow~  op. cit., footnote 53.
59 Cmol K.N. Chang, planning  Engirleer, Market Intelligence center, Institute for Information Industry, personal  Commtieation  (rn~ti%),  Nov. g,

1990.
60 Julllm S.L Wu,  ~ojcct  Mmger,  ad  Josephine L,L. Ho~g, ~g~ Rese~ch Fellow, ~ket kte~igen~c Center, hlst.itute  fOr hlfOmlatiOn  Industry,

personat communication (meeting), Apr. 23, 1991.
61 under  tie terns of tie auement, ~1 ~11 provide tie Yum wi~  computer  law and ~ket  info~tion and tie YllaII wi~ provide the ~ with COti

decisions related to intellectual property. The Justice Yuan and HI held their first legal research meeting in June 1991. Jullian Wu, op. cit., footnote 57,
June 1991.

62 me NatiOn~ Computa Board WaS established  with three principal objectives: 1) to COmputetie  tie gov emmental  services and departments, 2) to
train software professionals in sufficient numbers to meet Singapore’s needs, and 3) to develop the software and semice,s  industry. For more information
see Victoria Kader, Office of Computers and Business Equipment, Intemationat  Trade A&mm“ ‘stratiow  “Singapore Moves Into the Advanced
Information Age,” Business America, Aug. 13, 1990, p. 9.

63 S= U.S. Dep~ent of Commerce, op. cit., footnote 56, p. D-1.
Government assistance for Singapore software development gave rise to controversy in 1989-90, when the U.S. Dcpartrncnt  of Commerce

investigated whether a Singapore fmn’s software product (being marketed in the United States) was an “unfair” competitor in that the Singapore
Government had subsidized the development of a commercial software product. In March 1990 the Department of Commerce’s ITA reversed its originat
ruling that the product, a computer-aided software engineering tool, had been subsidized. The ITA ruled that software on a disk or tape, including software
on a master disk, can be subject to import duties. (David A. Ludlum, “Commerce Department Revokes Singapore Ruling, ” Computerworld,  vol. 24,
No. 14, Apr. 2, 1990, p. 119.)

~ Dep~ent of Comerce, op. cit., footnote 56, pp. D-1! D-2.

65 Ibid.
66 Dep~ent of Comcrce, op. cit., footnote 56, p. D-2.

67 Kader, op. cit., footnote 62, P. 9.

68 Ibid, According to ITA, NCB accomplished its gOd Of@aining 8,000 new software professionals (Singapore started with 1,800 in 1982) in 1990,
2 years ahead of schedule. ITA also reports that computerization in the government resulted in cost savings amounting to 1.7 times the investment in
information technology.
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often using U.S. expert system development tools.69 With network for foreign-exchange trading and a logistics
industry partnership, the Institute of Systems Science system incorporating fuzzy-logic principles for the Sin-
(ISI) at the National Institute of Singapore is working on gapore seaport.70

AI and fuzzy-logic applications, including a neural

@Ibid., p. 9.
To rbid., p. 10. ~wtiing to ITA, the 1S1 is active  in training programs, such as a degree program in knowledge engineering, that me @lored  to meet

the needs of industry. The NCB also fwces training programs in information technology and provides assistance programs for computerization of
company business operations.
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The European Economic Community Treaty:
Structure and Function

The European Economic Community Treaty determine
the institutions of the European Community (EC) and
their basic functions. These institutions have broad
legislative, judicial, and administrative powers, which
enable them to render direct and binding orders to
member states and to their nationals. This extensive
delegation of duties in the treaty is founded on the belief
that the future economic development of the EC would
introduce changed circumstances that could not be
anticipated in the treaty, and also that the creation of a
strong central organization would lay the groundwork for
future political unity. The powers of these EC institutions-
the European Parliament, the Council, and the Commission-
are allocated to maintain balanced distribution of powers
in the European Community.

The Parliament

Composition of the Parliament

The Parliament consists of representatives of the
nationals of the countries of the European Community.
The function of the Parliament is to exercise the advisory
and supervisory powers conferred upon it by the Euro-
pean Economic Community Treaty. The European Parlia-
ment officially came into existence in March of 1958. Its
members are appointed by and from among the members
of the national parliaments of the member states. The
number of delegates from each country is as follows.

France . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
Germany . . . . . . . . . . . . . . . . . . . . . . . . 81
Italy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
United Kingdom . . . . . . . . . . . . . . . . . 81
Spain . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
The Netherlands . . . . . . . . . . . . . . . . . 25
Belgium . . . . . . . . . . . . . . . . . . . . . . . . . 24
Greece . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
Portugal . . . . . . . . . . . . . . . . . . . . . . . . . 24
Denmark . . . . . . . . . . . . . . . . . . . . . . . . 16
Ireland . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
Luxembourg . . . . . . . . . . . . . . . . . . . . . 6

Parliament members sit by party rather than by nation.
Political groups act according to political perspective
rather than on a national basis. As of January 1, 1986,
groups constituting the Parliament were, in order of size,
Socialists, European People’s Party, European Demo-
cratic Group, Communists and Allies, Liberal, Demo-
cratic and Reformist Group, European Renewal and
Democratic Alliance, Rainbow Group, and European
Right.

The members of the European Parliament are thus
representatives of their peoples, rather than representa-
tives of their governments. They may not receive
instructions from the national parliaments, political par-
ties, or interest groups, and they are expected to act in the
interest of the EC as a whole.

Functions of the Parliament

The European Parliament functions in an advisory and
supervisory capacity.

The Parliament’s advisory power is a means of
involving the peoples of the EC in the drafting of EC legal
measures, and allows the Parliament to play a part in the
legislative process of the community. The treaty provides
for consultation of the Parliament by the Council as an
essential formality before the Council makes a final
decision as to certain treaty matters. Disregard of this
formality renders the measure void. Simply presenting a
proposal accompanied by a request for an opinion of the
Parliament is not sufficient; if the opinion is never
actually rendered by the Parliament, the measure is void.

The treaty provides for the Parliament’s supervisory
functions through which it can force the Commission to
resign by a motion of censure. The Parliament and its
members may question the Council and the Commission
to obtain the information necessary to make such a
decision.

Parliament has also sought a greater voice in the
negotiation and conclusions of international agreements
to which the EC is to be party, and of treaties on the
accession of new member states. To that end, a coopera-
tion agreement called the Single European Act (SEA) was
adopted. This agreement provides that the Council’s
common position, reached by a qualified majority, must
be communicated to the Parliament accompanied by an
explanation of the Council’s reasons for taking that
position. The Parliament must make a decision on the
Council’s position in 3 months; its failure to do so allows
the Council to pass the measure. Should the Parliament
propose amendments or reject the Council’s position by
a majority of its membership, the Council can overrule the
Parliament’s amendments or reject them only by a
unanimous vote.

All members of the Commission and Council may
attend sessions of Parliament. Those speaking in the name
of the Commission or the Council must be heard at these
sessions.
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The Council

The European Council strengthens the decisionmaking
capacity of the EC since many of the Council’s decisions
can be adopted by majority, rather than unanimous, vote.

Composition of the Council

Representatives of member states make up the Council
of the European Communities. The members of the
Council represent the member states according to instruc-
tions of the individual State. The members also area part
of an EC institution and can take decisions that may beat
variance with the instructions of their governments. Such
variance does not in any way affect the validity of a
Council decision. As the council acts as a federal
institution, its decisions are valid notwithstanding any
deviation from instructions.

Representatives of the member states are required to be
members of the government of the member state they
represent. Member states may decide which member of
the government it wishes to appoint, and different
members of the government maybe delegated, depending
on the matter before the Council.

Functions of the Council

The role of the Council is to ensure the coordination of
the economic policies of the member states. Under the
treaty, the Council has the power to take decision, or adopt
legislation proposed by the Commission. The treaty also
requires the Council to confer on the Commission certain
powers for the implementation of the rules the Council
has adopted, and gives the Council the power to exercise
implementing power itself in certain circumstances.

Coordination of Economic Policies—It is the particu-
lar task of the Council to coordinate the “general
economic policies’ of the member states. Thus, general
economic policy in principle remains within the compe-
tence of the individual member states except to the extent
that the treaty confers powers upon the EC. Coordination
is to be achieved through consultations in the Council and
through the recommendations made by it. The Council’s
powers to enforce the coordination of the economic
policies reach no further than this, except insofar as it has
expressly been given such powers by specific treaty
provisions.

Power To Take Decisions––The power to take deci-
sions or adopt legislation encompasses all acts that are to
be undertaken under the provisions of the treaty—for
example, on the budget of the EC, on the bringing of suit,
or on the appointment of officials. The power to take
decisions is limited in that most decisions require a prior
proposal of the Commission and often the consultation of
the Parliament or of the Economic and Social Committee.

Implementation of Council Acts—The Commission
has the power to implement rules the Council has made.
This power may be curtailed by certain requirements
relating to the manner in which it is exercised. The
Council may also reserve the right to directly exercise
implementing powers itself. These procedures must be in
accordance with rules and principles the Council will
specify.

The Commission

Functions of the Commission

The Commission consists of 17 independent members.
Its primary function is to see that the EEC treaty
provisions are executed. The Commission also monitors
the application of legislation promulgated by the institu-
tions for purposes of implementing the treaty.

The Commission supervises the orderly functioning
and development of the Common Market. This includes
the removal of barriers between economies of Member
States, the smooth conduct of economic life within the
area in which a single market is to be established, and
increasing economic activity and the standard of living.
Member States have a duty to facilitate the achievement
of the Commission’s tasks, i.e., to ensure that the
provisions of the treaty and the implementing measures
adopted by the institutions are applied. Member States
have a duty to consult the Commission and they must
keep the Commission informed of measures they have
taken in fulfillment of their obligations to implement EC
rules.

The Commission may formulate recommendations or
opinions on all matters covered by the treaty. This
includes all matters that are dealt with in the treaty or
subjects having a direct connction with treaty rules.
While in some cases the treaty expressly provides for
issuance of recommendations or opinions, the Commis-
sion is not limited to the provisions of the treaty and may
issue recommendations or opinions any time it considers
necessary. Recommendations and opinions may be ad-
dressed to anyone, and are not binding.

Finally, the Commission exercises powers conferred
by the Council for the implementation of the treaty. This
cooperation between the two EC institutions consists
primarily of the Commission’s right to make proposals
for almost all important measures adopted by the Council.
These powers of implementation are exercised within the
framework of general rules made by the Council, and the
limits of the power are to be inferred from the particular
wording of the provision in question.
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The Cooperation Procedure

The Council and Commission

The Commission has the right to initiate action on most
issues under the provisions of the treaty. The Commission
exercises that right to a large extent by making proposals
to the Council. Article 149 restricts the power of the
Council to amend the proposal of the Commission. Under
that article, any amendment of a proposal of the Commis-
sion must be approved by unanimous vote, even though
the adoption of the proposal itself may require a different
majority. The effect of this provision strengthens the
position of the Commission and makes the amendment of
its proposals less likely. If a single member state objects
to an amendment, and if the Commission fails to make
changes desired by a majority of the Council, the Council
can then either accept or reject the proposal as made by the
Commission. If, on the other hand, the Council adopts an
amendment by unanimous vote, the acceptance or rejec-
tion of the amended proposal must still be voted on, and
the outcome of that vote depends upon whether the
amended proposal is approved by the majority required
under the applicable provision of the treaty, The Council
must at all times observe the other rules of the treaty.

The European Parliament

When the Council has received a proposal from the
Commission and obtained the Opinion of the European
Parliament it may adopt a “common position. ” This
‘‘common position’ must be communicated to the
European Parliament, along with the reasons that led to its
adoption as well as the Commission’s position on the

draft. The act may be definitively adopted if within 3
months (subject to a l-month extension) the Parliament
approves the measure or has not acted on it. The
Parliament may, alternatively, within this 3-month period
propose amendments to the Council’s common position,
or it may reject the position. If the Parliament rejects the
Council’s common position, unanimity is required for the
Council to act on a second reading.

The proposal on which the Council has taken a
common position must be reexamined by the Commis-
sion within 1 month, and the Commission must take into
account the amendments proposed by the European
Parliament. Any parliamentary amendments which the
Commission has chosen not to accept must be forwarded
to the Council, together with the Commission’s opinion
on them. The Council may adopt these amendments,
notwithstanding the Commission’s rejection, but its vote
must be unanimous. The Council must adopt any proposal
that has been reexamined by the Commission; if the
Council wishes to make any amendments, it can do so
only by unanimous vote. If the Council does not take any
action within 3 months, the Commission’s proposal is
deemed not to have been adopted. If the Council and the
Parliament agree, this 3-month period may be extended
for a maximum of 1 month.

Paragraph three of article 149 gives some flexibility to
Commission proposals by authorizing the Commission to
amend its original proposal as long as it has not been acted
upon by the Council.

SOURCE: Common Market Reports.
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Workshop Participants and Reviewers

Software Engineering Technology and
Intellectual Property Issues Workshop

Richard A. Belgard
Consultant

Bruce I. Blum
The Johns Hopkins University

James Chandler
The George Washington University

G. Gervaise Davis III
Schroeder, Davis & Orliss, Inc.

David Eichmann
West Virginia University

Gideon Frieder
Syracuse University

Andrew Johnson-Laird
Johnson-Laird, Inc.

Lindsey Kiang
Digital Equipment Corp.

Tom Kirkland
MCC

John F. Kramer
DARPA/ISTO

Peter Menell
University of California at Berkeley

Bryan Pflug
Boeing Commercial Airplane Co.

Hasan Sayani
Advanced Systems Technology Corp.

Software-Developer Issues Workshop

Eleanor Arita
Sunburst Communications, Inc.

Douglas K. Brotz
Adobe Systems, Inc.

Chris Byrnes
Landmark Systems Corp.

David Curtis
Microsoft Corp.

Bernard Goldstein
Broadview Associates

Jacqueline C. Morby
TA Associates

David P. Reed
Lotus Development Corp.

John Shore
Entropic Research Laboratory, Inc.

D. Ezra Sidran
Intergalactic Development, Inc.

Dennis Snow
Plimouth Research

Helene Stewart
Oracle Complex Systems Corp.

Public Interest Issues Workshop

David Bender
White & Case

Stanley M. Besen
The RAND Corp.

Anne W. Branscomb
Harvard University

Lynn Robert Carter
Software Engineering Institute

Steven W. Gilbert
EDUCOM

Janlori Goldman
ACLU-National Headquarters

Bruce A. Lehman
Swidler & Berlin, Chartered

Arthur Levine
Finnegan, Henderson, Farrabow, Garrett & Dunner

Paul Mayer
ZPAY Payroll System, Inc.

John McCarthy
Stanford University

Steven J. Metalitz
Information Industry Association

Robert L. Oakley
Georgetown University Law Center

Marybeth Peters
U.S. Copyright Office

Linda Roberts (Chair)
Office of Technology Assessment
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Marc Rotenberg
Computer Professionals for Social Responsibility

Irving Samuels
Capital P.C. Users Group

G. Lee Skillington
U.S. Patent and Trademark Office

Richard Stallman
Free Software Foundation

Richard H. Stern
Oblon, Spivak, McClelland, Maier, & Neustadt, PC

Digital Libraries, Electronic Publishing, and
Intellectual Property Workshop

David Bearman
Archive and Museum Informatics

Alan Bogage
Howard County Central Library

Daniel Gross
Flow Research

Steven L. Haynes
West Publishing Co.

Lee A. Hollaar
University of Utah

Mary Jensen
University of South Dakota

William Johnson
University of Virginia

Brian Kahin
Harvard University

Robert Lynch
McGraw Hill Inc.

Susan Saltrick
John Wiley and Sons

Harold Schoolman
National Library of Medicine

Marvin Sirbu
Carnegie Mellon University

Suzanne Thorin
Library of Congress

Ted K. Yamashita
CONTEL Technology Center

User Interface Technologies and Intellectual
Property Workshop

Bernard Galler
University of Michigan

Michael Good
Digital Equipment Corp.

Paul Heckel
Hyperracks

Robert Jacob
Naval Research Laboratory

Nancy Kendzierski
Hewlett-Packard Laboratories

Michael Lesk
Bell Communications Research

Aaron Marcus
Aaron Marcus and Associates

David C. Nagel
Apple Computer

Paul Reed
AT&T Bell Laboratories

Victor Rosenberg
Personal Bibliographic Software

Robert Scheifler
MIT X Consortium

The Present Copyright/Patent/Trade Secret
System of Protection for

Computer Software Workshop

Richard Bernacchi
Irell & Manella

Allen Grogan
Blanc, Gilburne, Williams & Johnston

David L. Hayes
Fenwick & West

Dennis S. Karjala
Arizona State University

Raymond Nimmer
The University of Houston

Kevin O’Connor (Chair)
Office of Technology Assessment

Charles Ortner
Milgrim, Thomajan & Lee

Pamela Samuelson
The University of Pittsburgh
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Robert Greene Sterne
Sterne, Kessler, Goldstein, & Fox

Nicole Field
Software Publishers Association

Bernard A. Galler
The University of MichiganReviewers
Paul Goldstein
Stanford UniversityPrue Adler

Association of Research Libraries
Gregory E. Gorman
Computer & Communications Industry AssociationRichard A. Belgard

Consultant
Stephen Gould
Congressional Research ServiceDavid Bender

White & Case
Seth Greenstein
McDermott, Will & EmeryRichard Bland

Storage Technology Corp.
June Hargrove
University of Maryland

Bruce I. Blum
The Johns Hopkins University

David L. Hayes
Fenwick & West

Robert S. Bramson
Robert S. Bramson & Associates

Steven L. Haynes
West Publishing Co.

Anne W. Branscomb
Harvard University

Paul Heckel
Hyperracks

Dan Bricklin
Slate Corp.

Wayne Herrington
U.S. International Trade Commission

Sara Brown
Software Publishers Association

George Hersey
Yale University

Clark Calkins
CC Software

Edwin Hettinger
College of Charleston

Lynn Robert Carter
Software Engineering Institute

Heidi Hijikata
U.S. Department of Commerce

Donald S. Chisum.
University of Washington

Lee A. Hollaar
University of Utah

Stephen Chow
Cesari & McKenna

Robert Holleyman
Business Software Alliance

Eileen D. Cooke
American Library Association

Robert Jacob
Naval Research Laboratory

Brad Cox

Information Age Consulting

Jan Jancin

American Bar Association
Bridget Czamota
European Community Commission

Mary Jensen
University of South Dakota

Paul I. Davis
Martin Marietta Energy Systems

William Johnson
University of Virginia

Joseph Ebersole
Attorney

Andy Johnson-bird
Johnson-Laird, Inc.

Michael Ernst
MIT Laboratory for Computer Science

Brian Kahin
Harvard University

Joseph Farrell
University of California at Berkeley
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Dennis S. Karjala
Arizona State University

Michael S. Keplinger
U.S. Patent and Trademark Office

Tom Kirkland
Microelectronics and Computer Corp.

Glenn J. McLaughlin
Congressional Research Service

Peter Menell
University of California at Berkeley

Steven J. Metalitz
Information Industry Association

John S. Morrison
Technology Transfer International

Glenn Myers
University of Iowa

Jeff Neuburger
Weil, Gotshal & Manges

Raymond Nimmer
The University of Houston Law Center

Alessandro Nova
Stanford University

Robert L. Oakley
Georgetown University Law Center

Charles Ortner
Milgrim, Thomasan & Lee

Ronald J. Palenski
ADAPSO
Linda Pellecchia
University of Delaware

Marybeth Peters
U.S. Copyright Office

Shirley M. Radack
National Institute of Standards and Technology

David P. Reed
Lotus Development Corp.

Pamela Samuelson
The University of Pittsburgh

Glen Self
Electronic Data Systems, Inc.

Sandra Sellers
Willian, Brinks, Olds, Hofer, Gilson & Lione

Robert Sherwood
Consultant

G. Lee Skillington
U.S. Patent and Trademark Office

Mary Smolenski
U.S. Department of Commerce

Oliver R. Smoot
CBEMA

Anne Staines
European Community Commission

Richard Stallman
Free Software Foundation

Joshua Stem
Datatrope Corp.

Robert Greene Sterne
Sterne, Kessler, Goldstein & Fox

Rosemary Talab
Kansas State University

Suzanne Thorin
Library of Congress

Kenneth A. Wasch
Software Publishers Association

Philip Webre
Congressional Budget Office

Douglas R. Weimer
Library of Congress

Suzanne P. Weisband
University of Arizona

Milton Wessel*
Georgetown University Law Center

Alice Zalik
U.S. Patent and Trademark Office

*Deceased.



Index



Index

ADAPSO. See The Computer Software and Services Industry
Association

Advisory Commission on Patent Law Reform, 10-11,55-56
Advisory Committee for Trade Policy and Negotiations, 109
American Memory Project, 169
Amnesty programs, 101
Anticompetitive product preannouncements, 199
Antitrust policies, 190
Apple v. Franklin, 13,68-69
Association for Computing Machinery/IEEE Computer Society

Task Force on the Core of Computer Science, 156
Attaching programs, 127
Authorship issues, 112-113, 131, 174-175

Background of issues, 3-4
Baker v. Selden, 69
Barriers to entry, 190-191
Berne Convention, 16, 104-107, 110
Berne Convention Implementation Act of 1988, 106-107
Biotechnology issues, 40-41
Board of Patent Appeals and Interferences, 44-45
Breadth of a patent, 194-197
Broad patent protection, 192-193
Broderbund Sofware, Inc. v. Unison World, Inc., 72
BSA. See Business Software Alliance
Bureau of National Affairs, 109
Business Software Alliance, 95, 98

overseas piracy, 101-103

CASE. See Computer-Aided Software Engineering
Case law

copyright, 13, 68-73
patents, 45-52

CBEMA. See Computer and Business Equipment Manufactur-
ers Association

CCPA. See Court of Customs and Patent Appeals
CD-ROM. See Compact disc, read-only memory
Circular R61, 65-66
Clean room microcode, 71-72
Clean rooms, 139-140
Command language dialogue, 127-128
Compact disc, read-only memory, 166
Compatibility

network externalities and, 198-199
Compendium of Copyright Office Practices, 66
Compilations

copyright infringement and, 174
databases and, 73-77

Computer-Aided Software Engineering, 168
Computer and Business Equipment Manufacturers Association,

96
Computer Associates International, Inc. v. Altai, Inc., 13, 72,

140
Computer science, undergraduate curricula, 158
Computer Software and Intellectual Property, 4
The Computer Software and Services Industry Association, 98
Congress. See U.S. Congress
Consistency issues, 129-130
Contract law protection of electronic and computer technology,

83-84

CONTU. See National Commission on New Technological Uses
of Copyrighted Works

Cooling Systems & Flexibles, Inc. v. Stuart Radiator, Inc., 74
Cooperative agreements, 192-193
Copyright. See also Berne Convention; Copyright Act; Copy-

right law; Piracy
authorship, 131, 174-175
clean rooms, 139-140
copying in Renaissance art, 62-63
copyrightable expression, 60-61, 68-69, 70, 72-73, 74, 87,

139-140, 144
recompilation, 6,7, 19,25, 146, 147-148, 150
digital information issue, 19, 170-179
early protection, 58-59
economics literature, 183-185
electronic mail messages, 171-172
external design protection, 139
home copying, 199-201
intention of U.S. system, 186-187
international issues, 25
multimedia works, 36
originality, 173-174
ownership issue, 67-68
permissions and royalty collection, 36
policy areas and options, 29-31
scope of protection, 9-10, 60-61, 151, 194
size of a work, 172
statutory subject matter, 13
technical challenges, 22-23
unauthorized copying, 176-177
“work” definition, 171-173

Copyright Act, 27,87, 111, 112, 144, 178
fair use and, 61-65
1980 amendment, 67-68

Copyright and Home Copying: Technology Challenges the Law,
4, 199-201

Copyright law. See also Copyright; Copyright Act; Sui generis
backup copies of computer programs, 177
case law, 13, 68-73
categories of works, 172
control of access to information, 176
Copyright Office and, 65-66
databases, 73-77
development of, 58-60
digital information and, 178
expression definition, 144
fair use issue, 31,35-36,61-65
in foreign countries, 80-82
goals, 56-58
hybrid design protection, 77-78
industrial design protection, 76-77
levels of abstractions test, 72
limitations to owner’s exclusive rights, 61
mask work protection, 76
merger doctrine, 70, 145
mixed-media work protection, 172-173
object code and source code protection, 68-69
patent/trade secret/copyright laws relationships, 86-88
policy position arguments, 151, 153
program code protection, 144
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rule of doubt, 66
scope of protection, 9-10, 60-61, 151, 198
structure, sequence and organization protectability, 69-72
user interface, 72-73

Copyright Office
program code and screen display relationship, 153
responsibilities, 65-66, 109
rule of doubt, 66

Copyrightable expression, 60-61
clean rooms, 139-140
definition, 144
distinguishing from unprotected elements, 72-73
expression of facts, 74
form of, 87
idea/expression merger, 70
nonliteral elements test, 73
object code and source code protection, 68-69

Council Directive on legal protection of computer programs,
16-17

authorship of programs, 118
beneficiaries of protection, 118
recompilation, 119-120
exceptions to the restricted acts, 119
object of protection, 115
other legal provisions, 121
restricted acts, 118-119
special measures of protection, 120
term of protection, 120-121

Council of the European Economic Community, 112-113
Counterfeiting, 99-100
Court of Customs and Patent Appeals

best mode requirement, 44
mathematical algorithms guidelines, 133-134
mental steps doctrine decisions, 46-52
patentability of software-dated inventions, 132-133
point of novelty test, 49-50

Cryptography, 137
Czechoslovakia

bilateral treaty, 115

Databases
copyright law and, 73-77, 113
mixed-media, 169

Recompilation, 6,7, 19,25, 119-120
definition, 146
disassembly and, 147-148
USes of, 148, 150

Design Innovation and Technology Act of 1991,77
Design patents, 42

protection, 76
statutory subject matter, 12

Diamond v. Chakrabarty, 40
Diamond v. Diehr, 12,24,32,51-52, 134
Digital Communications Associates v. Softklone Distributing

Corporation, 72-73, 153
Digital information

advantages and disadvantages, 166-168
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controlling use of, 175-179
copying, 176-177
copyright issues, 19-20, 170-179)
digital libraries, 169-170

electronic publishing, 161-170
hypertext, 168-169
libraries and, 177-179
mixed-media, 169, 172-173
scholarly publishing system and, 167
storing and retrieving data, 162
storing text and images, 163-164
user’s view, 171

Digital libraries, 169-170
Disassembly

recompilation and, 147-148
definition, 146

‘‘Draft Final Act Embodying the Results of the Uruguay Round
of Multilateral Trade Negotiations, ” 114

Economic issues, 183-201
he-enterprise economy, 184
intellectual property, 20-21
literature on, 183-185
social benefits, 186-194
technology changes, 22

E.F. Johnson v. Uniden, 139
Electronic mail messages, 171-172
Electronic publishing

CD-ROM, 166
definition, 171
nonprint, 165-170
on-line information retrieval service, 165-166
print-based, 162, 164
royalties, 175

End-user piracy, 97-98, 100-101
Engineering Dynamics, Inc. v. Structural Software, Inc. and

S. Rao Guntur, 73
European Economic Community
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16-17, 115, 118-121
Green Paper, 115, 116-118
trade agreement, 108

Expression. See Copyrightable expression
External design

copyright protection, 139
definition, 17-18
intellectual property protection of, 138-140
patent protection, 139
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trade secret law protection, 139

Fair use
copyright issues, 31, 35-36,61-65
libraries and, 35
patents, 31

Fax machines, 176
Federal government concerns, 156-157
Feist Publications Inc. v. Rural Telephone Service Co., Inc.,
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software piracy, 102
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Free riders, 185
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GATT See General Agreement on Tariffs and Trade
GCA Corp. v. Chance, 69
General Agreement on Tariffs and Trade, 16, 107-114

Office of the U.S. Trade Representative, 109-110
trade-related intellectual property rights, 110-114

Global software industry
data collection, 93-94
markets, 94-97
technology, 94-97
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Healthcare Affiliated Services, Inc. v. Lippany, 71
Home copying
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Hybrid design protection, 77-78
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IIPA. See International Intellectual Property Alliance
Illegal copying. See Piracy
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In re Waldbaum, 49,50
In re Walter, 51, 52
In re Yuan, 46
Incentives

for cumulative research, 192-194
excessive, 188-190
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Industrial design protection, 76-77
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program function, 132-135
Intellectual Property Rights in an Age of Electronics and
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International Intellectual Property Alliance, 98, 103
International issues. See also European Economic Community

Berne Convention, 16, 104-107
copyright law, 80-82
copyright provisions, 25
Council Directive on legal protection of computer programs,
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design protection, 77
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Round of Multilateral Trade Negotiations, ” 114
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patent laws, 57
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International Trade Commission, 95
Inventions. See also Patent law; Patents

excessive incentives, 188-190
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