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I. Introduction

The software industry is a knowledge-intensive industry whose output is information, the coded instructions that guide the operations of a computer or a network of computers.  Both the inputs and much of the output of this industry consist of intangibles, the prices of which contain considerable Schumpeterian rents.  The rewards to innovators in the software industry of the 1980s and 1990s have been extraordinary, illustrated by the meteoric rise of William Gates III to control of the largest personal fortune in the world.  The modern computer software industry thus is an extreme example of an industry in which the returns to innovators’ investments, and in many cases market structure, are heavily influenced by the ownership of intellectual property.  As such, it is hardly surprising that the legal framework establishing and regulating ownership of such property has attracted considerable attention and debate. 

The “modern” computer software industry of the 1990s differs sharply from the software industry of the 1950s or 1960s, most notably in the growth of mass markets for so-called “packaged” software.  These differences are reflected in the growing importance of formal protection of intellectual property.  The increased importance of formal intellectual property rights protection, as well as the changing economic and legal importance of different instruments for such protection, create significant challenges for U.S. intellectual property rights policy.  

Although the computer software industry is a global industry, significant differences remain among the software industries and the associated intellectual property regimes of the industrial economies.  The United States, Japan, and Western Europe differ in the extent to which domestic consumption and production of software are dominated by packaged software.  As a result, domestic lobbying for the creation or modification of legal regimes covering this relatively new form of intellectual property has maintained significant differences in the level and characteristics of intellectual property rights for computer software among major industrial economies.  

For example, intellectual property protection for software in Japan has been relatively weak, which is compatible with a domestic software industry that historically has been dominated by the production of custom software (Merges, 1996).  Although intellectual property protection for software has been strengthened somewhat in Japan during the past decade, both the letter and the enforcement of this protection remain weaker than is true of the United States.  In contrast, the Western European software industry has improved its performance in packaged software.  The European Union has adopted stronger formal protection (and enforcement policies) for software than has Japan, while exempting some forms of "reverse engineering" of protected software programs from legal challenges.  The resulting policy is more lenient in its treatment of this practice than is U.S. policy (Merges, 1996). 

This endogenous character of national and regional intellectual property rights regimes is hardly surprising.  But such endogeneity extends to many other institutional components of national innovation systems.  Analyses of their evolution and effects on industry must adopt a more nuanced and complex view of causes and effects.  Among other things, this endogeneity means that the historical evolution of industries and national innovation systems is a path-dependent process.
II. The historical development of the computer software industry.

The growth of the global computer software industry has been marked by at least 4 distinct eras, the most recent of which is in its early stages.  During the early years of the first era (1945-65), covering the development and early commercialization of the computer, software as it is currently known did not exist.  Even after the development of the concept of a stored program, software was largely custom-developed for individual computers.  During the 1950s, however, the commercialization and widespread adoption of "standard" computer architectures supported the emergence of software that could operate on more than one type of computer or in more than one computer installation.  In the United States, the development of the IBM 650, followed by the even more dominant IBM 360, provided a large market for standard operating systems and application programs.  The emergence of a large installed base of a single mainframe architecture occurred first and to the greatest extent in the United States.  During this period, however, most of the software for early mainframe computers was produced by their manufacturers and users.

During the second era (1965-78), independent software vendors (ISVs) began to appear.  During the late 1960s, producers of mainframe computers "unbundled" their software product offerings from their hardware products, separating the pricing and distribution of hardware and software.  This development provided opportunities for entry by independent producers of standard and custom operating systems, as well as independent suppliers of applications software for mainframes.  Unbundling occurred first in the United States and has progressed further in the United States and Western Europe than in the Japanese software industry.  

Although independent suppliers of software began to enter in significant numbers in the early 1970s, computer manufacturers and users remained important sources of both custom and standard software in Japan, Western Europe, and the United States during this period.  Some computer “service bureaus” that had provided users with operating services and programming solutions began to unbundle their services from their software, providing yet another cohort of entrants into the independent development and sale of traded software.  Sophisticated users of computer systems, especially users of mainframe computers, also developed expertise in the creation of solutions to their applications and operating system needs.  A number of leading suppliers of traded software in Japan, Western Europe, and the United States were founded by computer specialists formerly employed by major mainframe users.

During the third era (1978-93), the development and diffusion of the desktop computer produced explosive growth in the traded software industry.  Once again, the United States was the "first mover" in this transformation, and the U.S. market quickly emerged as the largest single one for such packaged software.  Rapid adoption of the desktop computer in the United States supported the early emergence of a few “dominant designs” in desktop computer architecture, creating the first mass market for packaged software.  The independent vendors that entered the desktop software industry in the United States were largely new to the industry.  Few of the major suppliers of desktop software came from the ranks of the leading independent producers of mainframe and minicomputer software, and mainframe and minicomputer ISVs are still minor factors in desktop software.  

Rapid diffusion of low-cost desktop computer hardware, combined with the emergence of a few “dominant designs” for this architecture, eroded vertical integration between hardware and software producers and opened up great opportunities for ISVs.   Declines in the costs of computing technology have continually expanded the array of potential applications for computers; many of these applications rely on software solutions for their realization.  A growing installed base of ever-cheaper computers has been an important source of dynamism and entry into the traded software industry, because the expansion of market niches in applications has outrun the ability of established computer manufacturers and major producers of packaged software to supply them.
 

The packaged computer software industry now has a cost structure that resembles that of the publishing and entertainment industries much more than that of custom software--the returns to a product that was a "hit" are enormous and production costs are low.  And like these other industries, the growth of a mass market for software elevated the importance of formal intellectual property rights, especially copyright and patent protection.  An important contrast between software and the publishing and entertainment industries, however, is the importance of product standards and consumption externalities in the software market.  Users in the mass software market often resist switching among operating systems or even well-established applications because of the high costs of learning new skills, as well as their concern over the availability of an abundant library of applications software that complements an operating system.  These switching costs typically are higher for the less-skilled users who dominate mass markets for software and support the development of "bandwagons" and the creation through market forces of product standards.  As the widespread adoption of desktop computers created a truly mass market for software during the 1980s, these de facto product standards in hardware and software became even more important to the commercial fortunes of software producers than was true during the 1960s and 1970s.

The fourth era in the development of the software industry (1994-present) has been dominated by the growth of networking among desktop computers, both within enterprises through local area networks linked to a server and among millions of users through the Internet.  Networking has opened opportunities for the emergence of new software market segments (for example, the operating system software that is currently installed in desktop computers may reside on the network or the server), the emergence of new "dominant designs," and potentially, the erosion of currently dominant software firms' positions.  Some network applications that are growing rapidly, such as the Worldwide Web, use code (html) that operates equally effectively on all platforms, rather than being "locked into" a single architecture.  Like the previous eras of this industry's development, the growth of network users and applications has been more rapid in the United States than in other industrial economies, and U.S. firms have maintained dominant positions in these markets. 

How if at all has the growth of the Internet changed the economics of intellectual property protection in the software industry?  At least three different effects are apparent at this early date in the evolution of the Internet.  First, the widespread diffusion of the Internet has created new channels for low-cost distribution and marketing of packaged software, potentially reducing barriers to entry into the packaged software industry that are based on the dominance of established distribution channels by large packaged software firms.  This effect further expands the possibilities for rapid penetration of markets by a “hit” packaged software product (in the jargon of the software industry, a “killer app”), increasing the importance of protection of these types of intellectual property.  The Internet makes it much easier to copy software and distribute the infringing products on a large scale, which enhances the value of legally enforceable intellectual property rights.  

The Internet also is a central factor behind the growth of patents on “business methods,” many of which patents concern tools or routines employed by on-line marketers of goods and services.  Although they frequently are embodied in software, these business methods need not always be sold directly to end users, but instead may support the delivery to end-users of on-line services or products.  Nevertheless, there is abundant evidence to the casual observer of the importance and the economic returns to Internet-based “hits” that may rely on unique methods for supporting the delivery of such products and services.  

Finally, the Internet paradoxically has provided new impetus to the diffusion and rapid growth of a very different type of software, “open source” software.  Although so-called “shareware” has been a common element in all of the eras of the software industry described above, the Internet’s ability to support both rapid, low-cost distribution of new software and (crucially) the centralized collection and incorporation into that software of improvements from users has made possible such widely used operating systems as Linux and Apache (See Kuan, 1999 and Lerner and Tirole, 2000).  The Internet thus has increased the returns to software inventors, while at the same time supporting the growth of “unprotected” software markets.

III.   The evolution of intellectual property rights policy and practice in the US software industry


This study is primarily concerned with intellectual property rights in software that combine some grant of limited monopoly in exchange for an element of disclosure or public use.  As such, it is most appropriate to examine in detail copyright and patent protection, particularly because software has been brought underneath the umbrella of each of these regimes in distinct and interesting ways over the last several decades.  In the near future, however, the use by software innovators of legal protections in the areas of trade secret,
 misappropriation,
 trademark,
 and even the Semiconductor Chip Protection Act
 will remain important.


A.  Copyright


Copyright protection for software innovation deserves discussion because it was singled out by policymakers during the 1970s as the preferred means for protecting software-related intellectual property (Menell, 1989).  In its 1979 report, the National Commission on New Technological Uses of Copyrighted Works (CONTU), charged with making recommendations to Congress regarding software protection, chose copyright as the most appropriate form of protection for computer software (CONTU, 1979).  Because copyright protection adheres to an author-innovator with relative ease and has a long life—now 100 years for works created for hire—the Commission determined that copyright was the preferred type of intellectual property protection for software.  Congress adopted the Commission's position when it wrote "computer program" into the Copyright Act in 1980.


The federal judiciary’s application of copyright to software in the aftermath of the CONTU began with a series of decisions that seemed to promise very strong protection for inventors.  Over time, however, the judicial interpretation of copyright as applied to software has yielded a somewhat narrower form of protection.  Apple Computer, Inc. v. Franklin Computer Corp.
 is an early and important case of copyright litigation in packaged software.  Although the federal judiciary had long held that copyright protects only "expression" in works,
 the Court in Apple Computer argued that Apple’s precise code was protected by its copyright.  The Court concluded that efforts by a “follower” firm to use the copyrightholder’s code for purposes of achieving compatibility with the original software were inconsequential to the determination of whether infringement had occurred. This decision strengthened copyright protection considerably, making it possible for one firm’s copyrighted software to block the innovative efforts of others.  Subsequent decisions—the so-called “look and feel” cases--extended the traditional copyright protection of “expression” to such “non-literal” elements of software as structure, sequence, and organization.


The strengthening of copyright protection in the Apple Computer case contrasts with the outcome of a series of copyright infringement cases brought by Lotus Development.  Lotus successfully sued Paperback Software International over the latter’s alleged imitation of the “look and feel” of Lotus’s spreadsheet software in a case that was decided in favor of Lotus in 1990.  Lotus then sued Borland International over the alleged infringement by Borland’s “Quattro” software of the “look and feel” of Lotus’s 1-2-3 spreadsheet software in a case that lasted for six years, producing four opinions in federal district court and appeals to both the Court of Appeals and the US Supreme Court.  The district court found that Borland had infringed Lotus’s “1-2-3” spreadsheet software.  Borland rewrote its software to achieve partial compatibility with elements of Lotus’s “1-2-3” software, but this modification also was met with infringement findings by the district court and a permanent injunction banning its sale.
  

The Court of Appeals ultimately reversed some of the district court’s conclusions, suggesting that “second-movers” in the software industry must be allowed to emulate and build on certain of the innovator’s code and methods.
  The decision of the Court of Appeals was affirmed in 1996 by the Supreme Court in a 4-4 decision.
  The Borland decision appears to have weakened somewhat the strong protection for software inventions provided by Apple Computer v. Franklin Computer, and in general, the strength and economic value of copyright protection of software remain uncertain.  These inconsistent judicial decisions, along with other decisions affirming the strength of software patents, may have contributed to increased reliance by some U.S. software firms on patents in the 1990s.
  

B.  Patent


In contrast to copyright, federal court decisions during the past decade have uniformly broadened and strengthened the economic value of software patents.  Although some early cases during the 1970s supported the initial stance of the U.S. Patent and Trademark Office (USPTO) in stating that software algorithms were not patentable,
 the landscape has significantly shifted since then (Samuelson, 1990).
  In the cases of Diamond v. Diehr
 and Diamond v. Bradley,
 both decided in 1981, the Supreme Court announced a liberal rule that permitted the patenting of software algorithms.  Both the courts and the Patent and Trademark Office have supported this policy (Samuelson, 1990), strengthening patent protection for software (Merges, 1996).  A vivid example of the effects of this stronger patent regime is the 1994 court decision that found Microsoft guilty of patent infringement and awarded $120 million in damages to Stac Electronics, the plaintiff.  The damages award was hardly a crippling blow to Microsoft, but the firm’s infringing product had to be withdrawn from the market temporarily, compounding the financial and commercial consequences of the decision (Merges, 1996).


As the USPTO has adopted a more favorable posture toward software patents, the ability of patent examiners to identify “novelty,” especially in an area of technology in which patents historically have not been filed to cover major innovations, has been subjected to considerable scrutiny and criticism.  The celebrated “multimedia” patent issued by the USPTO to Compton Encyclopedias in 1993 is one of starkest examples of the difficulties associated with a lack of “prior art.”  On November 15, 1993, Compton's Newmedia announced that it had won a "fundamental" patent for its multimedia software that rapidly fetched images and sound.
  The patent was quite broad, covering


a database search system that retrieves multimedia information in


a flexible, user-friendly system. The search system uses a multimedia  


database consisting of text, picture, audio and animated data. That 


database is searched through multiple graphical and textual entry paths.

Compton's President Stanley Frank suggested that the firm did not want to slow growth in the multimedia industry, but that he simply "want[ed] the public to recognize Compton's Newmedia as the pioneer in this industry, promote a standard that can be used by every developer, and be compensated for the investments we have made."  Armed with this patent, Compton's traveled to Comdex, the computer industry trade show, to detail its licensing terms to competitors, which involved payment of a 1% royalty for a nonexclusive license.


Compton’s appearance at Comdex launched a political controversy that culminated in a very unusual event—the Patent and Trademark Office reconsidered and invalidated the Compton's patent.  On December 17, 1993, the Patent and Trademark Office (PTO) announced that it was re-examining its award of the patent to Compton's because, in the words of Commissioner Lehman, "this patent caused a great deal of angst in the industry."
  On March 28, 1994, the PTO released a preliminary statement declaring that "[a]ll claims in Compton's multimedia patent issued in August 1993 have been rejected on the grounds that they lack 'novelty' or are obvious in view of prior art."
  This declaration was confirmed by the Office in November of 1994.

Recent federal judicial decisions have continued to support the rights of patentholders and have considerably expanded the definition of “software” subject to protection by patent.  On August 23, 1998, the Court of Appeals for the Federal Circuit (CAFC) validated a controversial software patent in State Street Bank v. Signature Financial Group.
  In 1993, Signature was awarded the patent on its data-processing system used in financial transactions, but controversy kept it bottled up in the courts until the 1998 ruling by the CAFC which is, for practical purposes, the court of last resort for patent appeals.
  In ruling that the software was patentable, the court announced that 


the transformation of data, representing discrete dollar amounts, by a machine 

through a series of mathematical calculations into a final share price, constitutes 

a practical application of a mathematical algorithm, formula, or calculation, 

because it produces ‘a useful, concrete, and tangible result.’

This sweeping language supports recent software patenting guidelines by the USPTO that have expanded the definition of patentable software subject matter.  A patent attorney glibly suggested that, given the language in the opinion, it looked as if Newton could be granted a patent on the calculus.


Since the State Street decision, “business-methods” patenting has expanded rapidly, especially for Internet-based transactions and marketing techniques.
  Several firms have filed patent applications for “one-click” Internet ordering techniques, and the Internet vendor of books and other products, Amazon.com, has threatened to sue other Internet firms for allegedly infringing its patent on “one click” order methods.  Priceline.com, another Internet marketing firm, has sued Microsoft over the latter’s alleged infringement of its patented “reverse auctions,” which allow buyers to name a price for a good and sellers to respond.  As in the case of the Compton’s patent, the proliferation of Internet-based “business methods” patents is facilitated by a lack of prior art available for review by USPTO examiners.
  Tim Berners-Lee, developer of the HTML software code that is widely used for the creation of websites, argues that some of the Internet business-methods patents "combine well-known techniques in an apparently arbitrary way, like patenting 'going shopping in a yellow car on a Thursday.'"  Unlike the Compton’s case, however, there has been no industry-wide expression of opposition to individual Internet business methods, and at present, the validity of these patents is likely to be determined by the courts.

IV.  Patenting trends in the US software industry. 

In this section, we examine the limited data on software patents in the United States during the past fifteen years.  As with most other elements of the software industry, definitional issues loom large—what is a software patent?  Moreover, the number of software-related patent classes has grown significantly, creating severe problems for longitudinal analysis—we wish to examine changes in software patenting, rather than changes that may reflect a reclassification of patents from “all other” to a “software-related” category.  Lacking any clear a priori definition of “software-related” patent classes, we focused on the following eleven main groups in the International Patent Class classification scheme:

G06F
Electric Digital Data Processing:

3/ 
Input arrangements for transferring data to be processed into a form capable of being handled by the computer . . .

5/
Methods or arrangements for data conversion without changing the order or content of the data handled . . .

7/
Methods or arrangements for processing data by operating upon the order or content of the data handled . . . 

9/
Arrangements for programme control . . .

11/
Error detection; Error correction; Monitoring . . .

12/
Accessing, addressing or allocating within memory systems or architectures . . .

13/
Interconnection of, or transfer of information or other signals between, memories, input/output devices or central processing units . . .
15/
Digital computers in general . . .
G06K
RECOGNITION OF DATA; PRESENTATION OF DATA; RECORD CARRIERS; HANDLING RECORD CARRIERS

9/
Methods or arrangements for reading or recognising printed or written characters or for recognising patterns 
15/
Arrangements for producing a permanent visual presentation of the output data
H04L
ELECTRIC COMMUNICATION TECHNIQUE 

9/
Arrangements for secret or secure communication


These main groups were identified by examining overall patenting during the 1984-95 period by the six largest U.S. producers of personal computer software, based on their calendar 1995 revenues.
  These firms were granted 156 patents in the 1984-95 period (Table 1), and more than 58% of those patents fell into these eleven groups in the International Patent Classes.  These eleven groups account for a higher share of the patents of these six firms during this period (72.8%) when we exclude unclassified design patents and IPC groups that were created after 1984 (e.g., main group G06F 17/ came into existence in 1990).  These groups account for a similar share of the overall patenting of the largest specialized producers of computer software (specialized producers of any type of computer software, rather than just personal-computer software) based on global software revenues for 1995.
  Patenting in the eleven main IPC groups discussed above accounts for 58.2% of overall patenting in this second group of firms during 1984-1995, and when we consider only those patents that were neither unclassified nor assigned to late-appearing groups, patenting in the eleven main groups rises to 71.2% of overall patenting for this second group of firms.  These patent classes thus appear to capture a substantial share of the patenting activity of both PC and non-PC software producers, in addition to being relatively stable in content and coverage throughout the 1984-97 period.

Table 1:  Patents issued during 1984-95 to the top six software firms in the 1995 SoftLetter 100 rankings.

 n=156

Int'l

Patent 

Class
Patent Count
Share of All Firm Patents
Cumulative Total

G06F 15/
30
19.2%
19.2%

G06F 9/
20
12.8%
32.0%

G06F 13/
10
6.4%
38.4%

G06F 3/
9
5.8%
44.2%

G06F 11/
6
3.8%
48.0%

G06K 9/
5
3.2%
51.2%

G06F 12/
3
1.9%
53.1%

G06K 15/
3
1.9%
55.0%

H04L 9/
3
1.9%
56.9%

G06F 5/
1
0.6%
57.5%

G06F 7/
1
0.6%
58.1%


Since they are in existence throughout the 1984-97 period, these patent classes provide a useful basis for examining time trends in U.S. software patenting; they do not cover all software patents, but we believe that these trends are representative of those in overall software patenting.  The data in Figure 1 indicate that the share of all U.S. patents accounted for by patents in these IPC main groups more than doubled during 1984-97, from 1.55% in 1984 to 3.85% in 1997.  Moreover, growth in this share appears to accelerate after 1991.  The evidence below on patenting by the largest U.S. packaged software firms provides some corroborative evidence of accelerated growth in overall software patenting in the 1990s, perhaps in response to the more expansive judicial treatment of the breadth and strength of patents in the early 1990s.

A. Patents issued to packaged software firms, 1986-1997.


We now turn to a more detailed examination of the patenting behavior of U.S. software firms during the 1980s and 1990s.  This discussion focuses on the patenting behavior of the leading U.S. packaged software firms, drawn from the annual lists of the 100 leading U.S. packaged software firms compiled by the Softletter, a trade newsletter, for 1985, 1990, 1995, and 1997.
  We focus on packaged software producers because their share of industry output has grown rapidly since 1980 and because we noted earlier that packaged software is the product area in which the importance of intellectual property protection appears to have grown considerably. 


Our discussion of the patenting behavior of U.S. software firms focuses on 3 issues:

1.  How has the “propensity to patent” of these firms, measured as the ratio of patents to R&D spending, changed during the past decade?

2.  Do we observe significant differences in the patenting propensities of “incumbents” (firms founded before 1985) and “entrants” (firms founded after that date) in the U.S. packaged software industry?

3.  How has the “importance” of these firms’ software patents (measured as citations to these firms’ patents in the 4 classes defined above, relative to citations to all patents in these classes) changed during this period?


Figures 2 - 10 display trends in firm-specific patenting propensities during 1986-97 for the 9 largest U.S. personal computer software firms (as identified in the 1997 Softletter rankings) with significant patenting activity in 1997 (5 of these 9 firms were among the 10 largest software firms in 1997, according to Softletter).  The data, which use the IPC main classes defined earlier, present a mixed picture.  Microsoft, by far the largest of these firms, displays a strong upward trend (increasing more than fivefold) in its post-1991 patenting propensity.  Novell, Symantec, Wall Data, and Borland also exhibit increases in patenting propensity during the 1990s.  Interestingly, the 1997 patents/R&D spending ratio is highest for Borland, a packaged software firm with extensive experience in intellectual property litigation.  Another firm with hard-won experience in the consequences of unfavorable intellectual-property decisions, Microsoft, also is among the most intensive patenters by 1997.  This evidence is incomplete, but it suggests that the judicial decisions of the early 1990s on copyright and patent protection for software may have influenced the patenting behavior of at least some large U.S. packaged software firms.  Not only did the two leading defendants in these cases (Borland and Microsoft) increase their patenting intensity during this period, several other firms not directly involved in these cases also did so.  
Patent propensities for the largest U.S. software firms as a group also grew during the 1986-97 period.  Figures 11-12 show trends in the aggregate patenting/R&D spending ratio during 1986-97 for the 15 U.S. personal computer software firms listed by Softletter among the top 100 for which data are available throughout this period (thus controlling for entry or exit).
  Figure 11 is an unweighted average, and Figure 12 is a weighted average (weighted by R&D spending, which weights Microsoft heavily), of the patents/R&D spending ratios of these 15 firms.  The weighted average exhibits a significant upward trend, reflecting the behavior of Microsoft.  Nonetheless, when Microsoft is excluded from the data shown in Figures 11-12 (see Figures 13-14), a modest increase in patent propensities is still apparent.  Thus, there is some evidence of increases in the aggregate patenting propensities of leading U.S. personal computer software firms (as of 1997) during 1986-97 period, although the size of this increase is heavily affected by the behavior of the largest such firm, Microsoft. 

The share of all software patents accounted for by the patents assigned to the 100 largest U.S. packaged software firms (based on the 1997 Softletter tabulation) has increased sharply since 1988, rising from .06% of all software patents in 1988 to nearly 3.25% in 1997 (Figure 15).  Moreover, this trend is unchanged when Microsoft is eliminated from the ranks of the top 100 U.S. software firms (Figure 16), although the absolute magnitude of the increase in share is much smaller (from less than 0.1% in 1988 to slightly more than 0.7% in 1996).  In both cases, the increase in large-firm patenting activity is most pronounced for the 1990s.  The largest U.S. software firms have increased their patenting activity relative to other software firms and now account for a larger share of overall software patenting in this economy.

This increase in patenting activity appears to be more pronounced among the 1997 Softletter top 100 firms than is true of the firms in the 1985 Softletter top 100 listing.  Figure 17 plots the shares of all software patents accounted for by each of these groups of firms (the 1985 and 1997 Softletter top 100 packaged software firms) during 1979-97.  Although the shares of the two groups are roughly similar until the early 1990s, displaying little trend, during the 1994-97 period, the share of software patents issued to the 1997 top 100 firms increases substantially above the share of patents accounted for by the 1985 top 100.

Is increased patenting by large U.S. packaged software firms a result of entry by firms that are especially active patenters?  We lack a clear basis for separating our group of large U.S. packaged software firms into “incumbents” and “entrants,” but based on a visual examination of the data on founding dates for these firms, we chose 1985 to separate incumbents from entrants within the top 100 firms in 1997 (48 of these firms were founded before 1985).  Figure 18 displays trends during the 1990s in the weighted average patenting propensities of the 15 largest incumbents and the 15 largest entrants (based on the 1997 Softletter ranking), defined as above.  There is almost no time trend in the patenting propensities of entrants (indeed, they display a sharp decline during 1992-94), but incumbents exhibit a steady increase in their patenting propensity.  Moreover, this comparison is unaffected by excluding Microsoft--the differences between incumbents and entrants in patent propensities remain.

Incumbents in the U.S. packaged software industry appear to have increased their patenting propensities more than entrants during the 1990s.  We lack a good explanation for the apparent differences in incumbent and entrant patenting behavior in this industry.  The finding that older firms are more intensive patenters is consistent with recent work by Sorensen and Stuart (1999), who find that patenting activity increases with age in the semiconductor and biotechnology industries.  Increased patenting by more mature firms may reflect a payoff from the larger “knowledge stock” created by a longer stream of R&D investments.  But this finding seems to conflict with the conclusion of Kortum and Lerner (1999) that the increased overall rate of patenting in the United States during the 1985-96 period reflects more intensive patenting by smaller, younger firms.

Increased patenting by large packaged software firms appears to track the trends in federal court decisions, as decisions such as Stac Electronics have been followed by increases in large firms’ patent propensities.  It seems likely that software patents are being used by these firms for strategic purposes, such as cross-licensing or blocking of other firms’ innovations, as well as for protection of their intellectual property (Hall and Ham, 1999; Cohen et al., 1998).
  But further research on this issue is needed.

A closely related issue concerns the importance of the software patents issued to firms and other inventors during this recent period of rapid growth in patenting activity.  As we noted earlier, the growing use of patents for the protection of intellectual property in the software industry raises unusual challenges.  The examination of patents within the USPTO for novelty, utility, and nonobviousness relies heavily on the study of “prior art,” previous patented inventions.  Has the lack of prior art resulted in USPTO examiners approving the issue of trivial, “junk” software patents, as critics (Aharonian, 1993) have argued?  Here too, the older debate over the desirability of copyright vs. patent protection for software has come full circle.  As the recent report of the National Research Council’s Committee on Intellectual Property Rights and the Emerging Information Infrastructure (2000, p. 198) points out, under copyright, independently developed products with similar expression (or functionality) are not judged to be infringing.
  In contrast, no such presumption protects independent development of functionally similar products under patent protection.  

In order to examine trends in the “importance” of recent industrial software patents, we analyzed the frequency of citations to these software patents, relative to citations to all software patents (defined as above).  Because of the requirement for inventors to cite prior art and the need for examiners to supplement these citations to prior art, the number of citations received by a patent can serve as a crude measure of its technological importance.  Moreover, recent empirical work (Trajtenberg, 1990) has found that heavily cited patents also are of greater economic value.

Our measure of “relative importance” compares the citation rates of patents issued to the Softletter 1997 top 100 firms in a given year with the citation rates of all software patents issued in that year.  Relatively “important” patents will have citation ratios greater than one in value, and relatively “unimportant” patents will have citation ratios of less than one. We compute the ratio of citation rates for firm patents to those for all software patents for two years after the date of issue.  This patent-citation measure is not sensitive to the truncation of the time period during which more recently issued patents can be cited, since it compares the citation rates of patents within the same cohort.  

We computed this measure of patent “importance” for the patents issued during 1985-95 to the 100 largest U.S. software firms in 1997 (Figure 19).  The measure displays a modest upward trend during much of the 1985-95 period, suggesting that the patents issued to software firms were cited more heavily than were all software patents.  Moreover, through at least 1994, these firms’ patents were being cited with growing intensity, relative to all software patents.  The data in Figure 19 must be interpreted with caution, since it is possible that the “importance” of all software patents dropped precipitously during this period—we are able to compare only the importance of the software patents issued to the Softletter 100 with the importance of those issued to all inventors.  We cannot compare the importance of these software patents with that of non-software patents.  Nevertheless, these data suggest that the relative importance of the patents issued to large specialized producers of PC software, firms that have intensified their patenting activity during the 1990s, has not deteriorated during this recent period of significant growth in their software patenting.

B. Software patenting by electronics firms

An important characteristic of software is its status as a “general purpose” technology, one with applications in a broad array of products.  Among other things, this characteristic of software means that many firms that are not specialized producers and sellers of software rely heavily on software to incorporate new features into their products.  In addition, of course, a great deal of software is produced by users of advanced computing and electronics technologies—many of these users are themselves manufacturers of electronics-system products.  Finally, major producers of mainframe and minicomputer products retain an important role as producers and sellers of software (indeed, IBM’s revenues from software sales alone exceeded the corporate revenues of the largest specialized software firm, Microsoft, until 1997).  For all of these reasons, we wished to examine trends in the software patenting activity (defining software patents as above) in each of the following produccers of electronic systems and devices:  IBM, Intel, Hewlett-Packard, Motorola, and National Semiconductor.  We also analyzed combined patenting data for a larger group of electronic system producers, one that included all of the firms above as well as NEC, Digital Equipment Corporation, Compaq, Hitachi, Fujitsu, Texas Instruments, and Toshiba.

Because of our relatively restrictive definition of “software patents,” as well as our reliance on data from specialized producers of packaged software to develop this definition, our data on patenting activity by these firms assuredly understate their software-related patenting.  We almost certainly omit significant patenting activity in the “embedded software” (software that is incorporated directly into a product, and whose operation typically is not controlled by the user) that is included in such products as microprocessor chips or measurement instruments.  Nevertheless, since patenting in packaged software area appears to have grown more rapidly than in most other product areas, we believe that these data are of interest.  We lack data on software-related R&D, which means that an analysis of the software “patent propensity” of these firms is infeasible.  Instead, we focus our discussion on two issues:  (1) how has software patenting grown, if at all, relative to overall corporate patenting? and (2) how if at all has these firms’ software patenting grown as a share of overall software patenting, defined as above?

Figures 20-29 display trends during 1984-97 in software patenting as a share of overall corporate patenting and corporate software patents as a share of all software patents for IBM (Figures 20-21), Intel (Figures 22-23), Hewlett-Packard (Figures 24-25), Motorola (Figures 26-27), and National Semiconductor (Figures 28-29).  The trends are remarkably similar across this rather heterogeneous group of firms.  Software patents in all but one of these firms (Hewlett-Packard) have grown as a share of overall corporate patenting.  In some firms, such as National Semiconductor, software patents increased from less than 5% of corporate patenting in 1984 to roughly 20% in 1997.  Moreover, Hall and Ham (1999) argue that the 1980s and 1990s were a period of rapid growth in overall patenting by major U.S. semiconductor manufacturers, which suggests that the growth in the share of software patents at National Semiconductor represents very rapid growth in such patenting, since the total number of corporate patents also is growing rapidly during this period.  At IBM, a major producer and seller of software throughout this period, software patents grow from slightly more than 20% of total corporate patenting to almost 35%.  

But there is little evidence from these data that these large diversified producers of electronic systems and devices expanded their share of overall software patenting during 1984-97.  Although some firms, such as Intel, Motorola, and National Semiconductor, increase their share of overall software patenting, their shares remain quite low (respectively, 4%, 2.5%, and 0.8%).  IBM, which accounted for roughly 25% of software patenting in 1984, accounted for 25% in 1997.  The combined software patenting of the larger group of firms noted above (Figure 30) grows from approximately 40% in 1984 to slightly less than 50% in 1997.  Consistent with the data discussed elsewhere in this paper (notably, the data in Figures 15-16), the major increases in software patenting appear to be located among specialized packaged-software firms. 

C. University software patents

U.S. universities have long played a prominent role in the innovative activities of the U.S. software industry (Steinmueller, 1996; Mowery, 1999).  Surprisingly, however, in view of the significant increases in university patenting in other fields (e.g., biomedical technologies), U.S. universities have accounted for a small share of overall software patenting (defined as patents in the four classes discussed earlier) throughout the 1984-97 period.  As Figure 31 shows, university patents have never accounted for even 2% of the annual flow of issued software patents in the United States.  Although the university share of patenting grew during the 1984-88 period, and remains higher during the 1990s (at 1.0 - 1.5%) than during this earlier period, the 1990s have witnessed a slight decline in the share of software patents accounted for by universities.

We obtained additional data on the role of universities in software patenting from the data on faculty “invention disclosures,” patents, and licenses for Stanford and Columbia Universities.  Since this university began its patenting and licensing program in 1970, the Stanford data cover the 1970-92 period, while those for Columbia cover only 1981-92 (these data and this discussion are drawn from Mowery et al., 1999).  The overall patenting propensity of U.S. universities has increased dramatically since 1970, as Henderson et al. (1998) and Mowery et al. (1999) have noted—the number of patents issued to U.S. universities and colleges  more than doubled between 1979 and 1984, more than doubled again between 1984 and 1989, and doubled yet again between 1989 and 1997 (Table 2).  This increased academic patenting activity is attributable to the Bayh-Dole Act of 1980, as well as the rapid growth in academic research in biomedical technologies, which has yielded a number of scientific advances of great commercial interest.

Table 2: Utility Patents Issued to U.S. Universities and Colleges, 1969-1997 (year of issue)
Year
Number of U.S. patents 

1969
188

1974
249

1979
264

1984
551

1989
1228

1994
1780

1997
2436

Source:  US Patent & Trademark Office (1998).
Although both Stanford and Columbia were active software licensors, they patented very few software inventions from their faculty through at least the 1980s.  Virtually all of the software inventions licensed by Columbia are protected by copyright, rather than by patents.  Software licenses account for well over 50% of Columbia licensing agreements after 1988; the majority of these licenses, however (420 of a total of 648), are associated with one software invention.

Like the Columbia University data, Stanford's invention disclosures include a number of software inventions, which account for 10‑15% of annual disclosures.  As is the case at Columbia during the 1980s, the majority of these inventions were not patented and therefore cannot be traced through annual patent counts.  The importance of software disclosures in Stanford's licensing activity has grown over time.  Only two of the 41 inventions disclosed during 1974‑79 (less than 5%) that were licensed within 8 years of their disclosure were software inventions, but this fraction increased to more than 20% for the 1984‑88 period.  Many of these software inventions (e.g., the WYLBUR operating system) were licensed on a nonexclusive basis to academic institutions through Stanford's Software Distribution Center during the 1980s.  The majority of these licenses involved a small, one‑time payment (e.g., $1000) by the licensee institution.
  Partly because of the large number of such "site licenses," the coverage by our data of Stanford software licensing agreements is incomplete and our estimate of the share of all Stanford licensing agreements accounted for by software is less accurate.  Nonetheless, like Columbia University, a significant portion of Stanford's licensed inventions (at least 10‑20% of annual licensing agreements, and a smaller share of gross revenues) cover non-patented inventions. 

We analyzed trends in the “importance” of university software patents using the same measure that we employed for our examination of the patents issued to U.S. software firms (Figure 32).  In some contrast to the patents issued to the Softletter 100 firms, which increase in importance relative to all software patents, the importance of university software patents displays little or no trend during the 1980-95 period, fluctuating around 1 – 1.5 in value.  

This brief descriptive analysis of university patenting in software presents an interesting contrast to the earlier discussion of industrial software patenting.  We lack the necessary data on research funding to compute any statistics on the “patent propensity” of U.S. universities; but it is likely that the Bayh-Dole Act increased universities’ patent propensity in all fields, rather than in software alone.  Nonetheless, there is little evidence of increased reliance by universities on patents to protect their software-related intellectual property during the 1980-97 period, in sharp contrast to software firms.  Moreover, the apparently lower level of patenting of their software inventions did not prevent U.S. universities from licensing these inventions, suggesting that copyright protection alone may suffice to support licensing markets in software.  The contrasting patenting behavior of universities and software firms, especially after 1990, thus is consistent with the speculative conclusion, noted above, that much of the increased post-1990 patenting by software firms is motivated by strategic considerations.

V. Conclusion


The U.S. and global computer software industries have been transformed during the past 20 years, as a result of the explosive diffusion of the microcomputer and the development of the Internet.  No longer are the business activities and revenues of leading firms dominated by sales of products that incorporate high levels of user-specific customization.  Instead, the dominant firms in the U.S. software industry, enterprises that account for a leading global market share as well, rely on sales of “standard” products to mass markets.  Accordingly, formal instruments for intellectual property protection have assumed much greater importance, despite the hazy and evolving legal status of these instruments.  In the United States, which can be broadly categorized as an economy characterized by relatively strong protection for intellectual property rights, copyright protection has been supplemented by patent protection, and the boundaries of both forms of intellectual property protection have been extended substantially.  The culmination of this extension of patent protection for software was the 1998 State Street Bank decision, which extended patent protection into the previously unexplored area of “business methods.”  Although it was rooted in a dispute over infringement of software patents, this decision could have far-reaching consequences for a broader cross-section of U.S. industries, especially those in the financial and business services sectors.  Moreover, “business methods” patenting of Internet-related marketing techniques is growing rapidly, presaging increased litigation over validity and infringement.


The U.S. judicial and legislative arenas have substantially strengthened the rights of owners of intellectual property in a number of industries since 1980, including computer software.  Indeed, the United States arguably provides the strongest formal protection for software-related intellectual property.  The strong protection for intellectual property provided in the United States is followed by Western Europe, where the European Commission has provided somewhat more lenient treatment for “reverse engineering” of software for purposes of complementary invention, and Japan, where protection for software-related intellectual property historically has been relatively weak (See Merges, 1996).  These contrasting regional or national systems of intellectual property policy have evolved in parallel with the software industries in each area. Indeed, the furor over the Compton’s multimedia patent provides additional evidence of the influence of industry-led political action on the decisions of the USPTO.  It is hardly a coincidence, therefore, that the United States provides the strongest formal protection for intellectual property rights and has the strongest global firms in packaged software.  Although the characteristics of each economy’s intellectual property rights policy has influenced the development of its software industry, the reverse also is true.  In other words, the relationship between the development of the domestic software industries and the intellectual property rights regimes of the United States, Western Europe, and Japan is best characterized as one of “co-evolution,” involving mutual causation and influence (Nelson, 1994).


The discussion in the previous section suggests that a number of relative large firms in the U.S. personal computer software industry are shifting toward a more “patent-intensive” approach to the protection of their intellectual property, as the largest firms increase their patent propensities.  Moreover, the evidence of increased patenting is strongest for relatively older (and, in most cases, larger) firms within the U.S. industry.  We observe no tendency for entrants to seek patent protection more intensively than incumbent firms.  On its face, this evidence of more intensive use of formal intellectual property protection by established firms could be taken to mean that established firms are using software patents to erect barriers to entry.  We have no evidence to suggest that entry has been curtailed by these policies, however, and much more information is needed on entry, profitability, and the long-term evolution of industry structure before such a conclusion is warranted.  The limited evidence on the “importance” of the patents obtained by the largest U.S. software firms does not support a characterization of these patents as “junk patents,” by comparison with overall software patents.  Taken as a whole, however, these data suggest some shift in the underlying competitive dynamics of the U.S. software industry, as major firms seek to develop much larger patent portfolios.


Although computer software as a product of inventive effort is nearly 50 years old, the application of intellectual property rights to these products is relatively new.  Software patents in particular raise unusual challenges to the U.S. patent system, which relies on inventors and patent examiners for searches of “prior art,” rather than allowing for interested parties to challenge patents before their issue in a formal pre-grant opposition process.  Because of the historical lack of software patents, a primary source of software-related “prior art” scarcely exists, and contributes to the issue of patents (such as the “multimedia” patent discussed above) of potentially sweeping breadth and limited validity.  As the multimedia patent example suggests, there are few cases thus far of such broad patents being issued and upheld by either the USPTO or the courts.  But the general problem is a real one—how can searches of prior inventions be undertaken in a technology where patents have only recently become common?  

The slow pace of issue of patents on (allegedly) new software “art” creates still other problems--some industry experts argue that software developers may become aware of a related patent only after they have completed development of a new product.
  Innovation in software generally is a cumulative activity, and individual software products frequently build on components from other products.  Federal legislation adopted in late 1999 requires that all patent applications be published after 18 months, which should reduce the severity of this problem somewhat.  Nevertheless, given the rapid pace of innovation in this industry, as well as the very short “lives” of most products, even the 18-month publication rule will not eliminate the risk that a software invention may be subject to infringement suits because of their reliance on a piece of prior art that subsequently receives patent protection.  In this view, extensive reliance on patents, combined with their slow issue and the lack of reliable prior art searches, could paralyze commercial innovation in the software industry and/or provoke a flood of litigation.  Some of these detrimental effects might be offset if the strong intellectual property protection provided by patents supports the development of an effective market in components for software programs.  But the Committee on Intellectual Property Rights and the Emerging Information Intrastructure argues that thus far, 

…there is little or no market in software components.  Programmers routinely design large and complex systems from scratch.  They do so largely without reference to the patent literature (partly because they consider it deficient), although they generally respect copyright and trade secrecy constraints on their work.  With tens of thousands of programmers writing code that could well infringe on hundreds of patents without their knowing it, there is an increased risk of inadvertent infringement. (pp. 197-198).

This claim is difficult to evaluate with the available evidence, and it is possible (indeed likely) that a market for software-related intellectual property will develop, as the costs of inadvertent infringement rise.  Nevertheless, the risk remains that strong intellectual property rights in software could create a tangled web of litigation among developers.

It is important to distinguish problems associated with the transition to a new, patent-based regime of intellectual property protection in software from the very different problems associated with a “steady-state” characterized by greater reliance on patents.  Many of the problems associated with a lack of prior art that can be searched by patent examiners relatively quickly and easily should dissipate in the face of growth in software patenting, which will obviously expand this body of prior art.  The costs of this transition will be high, especially because of the necessarily heavy reliance on litigation to establish the validity of this growing body of prior art, but the mechanisms and incentives to effect this transition are readily apparent.  Alternative mechanisms, such as a modified form of pre-grant opposition, might facilitate this and other transitions to patent-based systems for protection of intellectual property in new technologies at lower cost than extensive resort to litigation, with its attendant costs, inefficiencies, and unintended consequences.  In light of the desirability of mechanisms other than litigation to guarantee the quality and validity of patents in this and other new technologies, the lack of more significant growth in requests for re-examination of patents is puzzling.

What are the consequences for innovation, competition, and consumer welfare of a “steady state” in the computer software industry that is characterized by heavy reliance on patents for the protection of intellectual property?  The recent surge in patenting in this industry may not be welfare-enhancing, if firms are compelled to apply for patents of modest significance purely for defensive motives (this appears to be a significant possibility in the semiconductor industry, as well, according to Hall and Ham (1999)).  At a minimum, this discussion of software patenting suggests that increased patenting activity in this or other technology-intensive industries may reflect a “zero-sum” competitive game among firms that does not enhance social welfare, rather than improved innovative performance. 

The computer software industry provides a fascinating “laboratory” to observe the transition from a relatively open intellectual property regime to one in which formal protection, especially patents, figures prominently.  The cross-national differences in domestic patent systems, combined with cross-national differences in the structure of domestic software industries and domestic software markets, provides additional rich material for comparative studies of the interaction of intellectual property systems, innovation, and industrial development.  Current research, including this paper, has scarcely scratched the surface of this rich subject.
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�   This paper draws on presentations at the “International Symposium on Innovation and Patents,” Hitotsubashi University, Tokyo, Japan, Feb. 12-13, 1999, and the National Research Council’s conference on “Intellectual Property Rights,” Washington, D.C., Feb. 3, 2000.  We are grateful to participants in both conferences and to Rosemarie Ziedonis for comments on the paper.  We also appreciate assistance with our analysis of patenting data from Arvids Ziedonis.


     �  Bresnahan and Greenstein (1995) point out that a similar erosion of multiproduct economies of scope appears to have occurred among computer hardware manufacturers with the introduction of the microcomputer.


� A trade secret is formally some information used in a business which, when secret, gives one an advantage over competitors.  The secret must be both novel and valuable.  Metallurgical Industries, Inc. v. Fourtek, Inc. 790 F.2d 1195 (1986).


� Collectors of valuable information can prevent competitors from using the information.  International News Service v. Associated Press, 248 U.S. 215 (1911).


� Protects names, words, and symbols used to identify or distinguish goods and to identify the producer.  Zatrains, Inc. v. Oak Grove Smokehouse, Inc.  698 F.2d 786 (5th Cir., 1983).


� Protection is available for software embodied in semiconductor chips—so-called mask works.  E.F. Johnson v. Uniden Corp. of America, 653 F. Supp. 1485 (D. Minn. 1985)


� 17 U.S.C. sec. 101, sec. 117 (as amended 1980).  For a more complete discussion, see Menell (1989).


� 714 F.2d 1240 (3rd Cir. 1983).


� Historically, a major distinction in the copyright law has been that ideas are not protected, only expressions are.  Baker v. Selden, 101 U.S. 99 (1879).


� Computer Associates Int’l v. Altai, Inc., 982 F.2d 693 (2d Cir. 1992); Whelan Associates v. Jaslow Dental Laboratory, 797 F.2d 1222 (3rd Cir. 1986).


� Lotus Development Corp. v. Borland Int’l, Inc., 788 F. Supp. 78 (D. Mass. 1992)(finding Quattro a virtual copy of Lotus’ menu structure); Lotus Development Corp. v. Borland Int’l, Inc., 799 F. Supp 203 (D. Mass. 1992); Lotus Development Corp. v. Borland Int’l, Inc., 831 F. Supp. 202 (D. Mass. 1993); Lotus Development Corp. v. Borland Int’l, Inc., 831 F. Supp. 223 (D. Mass. 1993).


� Lotus Development Corp. v. Borland Int’l, Inc., 49 F.3d 807 (1st Cir. 1995).


� 116 S. Ct. 804 (1996).


�   Interestingly and ironically, in light of subsequent controversies over the role of software patents, Menell’s influential 1989 analysis of intellectual property protection of software, written in the wake of the strong judicial interpretation of copyright embodied in Apple v. Franklin Computer Corp., argued that patents had significant advantages over copyright as a means for protecting computer applications software:  “The patent system’s threshold requirements for protection—novelty, utility, and nonobviousness—are better tailored than the copyright standard to rewarding only those innovations that would not be forthcoming without protection.”  (p. 47).  As we note below (see also Merges, 1999), the debate over software patents centers on precisely these issues—is the US Patent & Trademark Office able to apply these requirements with sufficient rigor to prevent the issue of low-quality patents?


� Gottschalk v. Benson, 409 U.S. 63 (1972).


� Samuelson (1990) argues that the Patent and Trademark Office was at odds with the Court of Customs and Patent Appeals (CCPA) throughout the 1970s over the patentability of software and concludes that the CCPA's views in favor of patentability ultimately triumphed.


� 450 U.S. 175 (1981).


� 450 U.S. 381 (1981).


� Peltz, J.  "Compton's wins patent covering multimedia,"  Los Angeles Times, November 16, 1993, D:2.  Compton's had actually been awarded the patent on August, 31, numbered 5,241,671, and titled


"Multimedia  Search Systems Using a Plurality of Entry Path Means Which Indicate Interrelatedness of Information." Markoff, J.  "Patent  Office to Review A Controversial Award," The New York Times, December  17, 1993, D:2.


� Abstract, United States Patent Number 5,241,671, August 31, 1993.


� Abate, T.  "Smaller, faster, better; Tech firms show off their latest wonders at trade show and foretell a user-friendly future," San Francisco Examiner, November  21, 1993, E:1. 


� Markoff, J.  "Patent  Office to Review A Controversial Award," The New York Times, December  17, 1993, D:2.


� Riordan, T.  "Action Was Preliminary On a Disputed  Patent," The New York Times, March  30, 1994, D:7.


� Orenstein, S.  "U.S. Rejects  Multimedia Patent," The Recorder, November  1, 1994, 4.


� 149 F.3d 1368 (CAFC, 1998).


� Riordan, T.  "Patents; An appeals court says a mathematical formula can be patented, if it is a


moneymaker."  The New York Times, August  3, 1998, D:2.  There was a significant movement in the programming community to oppose patenting of software on all grounds.  See Samuelson (1990) for arguments, and Stallman, R. & League for Programming Freedom (1990).


� 149 F.3d 1368 (CAFC, 1998).


� National Public Radio, "Patenting Math Formulas,"  All Things Considered, August 11, 1998, transcript 98081115-212. 


�  P. Waldmeir and L. Kehoe, “E-commerce companies sue to protect patents:  Intellectual rights given legal test,” Financial Times, 10/25/99, p. 16.  Another discussion of this phenomenon stated that “According to Acting [USPTO] Commissioner Todd Dickinson, the PTO has experienced a 70% increase in the number of filings on software and business method patents, attributing the dramatic increase directly to the State Street decision.” (G.J. Maier, B.D. Lytle, and K. Ditthavong, “Patent protection provides long-term Net strategy,” National Law Journal, 10/18/99, p. B11.


�   “Now we’re dealing with a much broader universe of ‘prior art,’ says J.T. Westermeier, a Washington D.C. internet attorney with Piper and Marbury, pointing out that many allegedly novel Internet business methods may already have been in use at universities or elsewhere.” (Waldmeir and Kehoe, 1999, op. cit.).


� The IPC is a hierarchical classification system consisting of sections, classes, subclasses and groups (main groups and subgroups).  The IPC divides all technological fields into sections (designated by a capital letter), each section into classes (designated by a two-digit number), and each class into subclasses (designated by a capital letter).  For example, "G 06 F" represents Section G, class 06, subclass F.  Each subclass is in turn broken down into subdivisions called "groups" (which are either main groups or subgroups, although the former "main group" is of immediate concern in this paper).  Main group symbols consist of the subclass symbol followed by a one- to three-digit number and an oblique stroke, for example, G 06 F 3/.


� As reported in the Softletter 100 (1996), including Microsoft, Novell, Adobe Systems, Autodesk, Intuit, and Symantec.


� As reported by Software Magazine, reprinted in E. & K. Juliussen, eds.  The 8th Annual Computer Industry Almanac (1996), including Microsoft, Computer Associates, Oracle, Novell, Sybase, and Adobe Systems.


�   We are grateful to Softletter for permission to use these data.  The Softletter data cover only personal computer software firms, rather than the specialized producers of computer software of any type that formed the basis for our original patent-sampling strategy.  


� The firms in the Softletter rankings for which 1986-97 data are available from the Compustat Database and SEC reports include Microsoft, Adobe Systems, Novell, Autodesk, Symantec, The Learning Company, Activision, Borland, Phoenix Technologies, Quaterdeck, Micrografx, Caere, IMSI, Timberline Software, and Software Publishing.


� Interestingly, all five of the firms for whom patenting data are displayed in Figures 2-10 that were in the Softletter top 10 in 1997 remained in the Softletter top 10 packaged software firms from 1995 though 1997 (Microsoft, Adobe, Novell, Autodesk, and Symantec), and four (Microsoft, Adobe, Novell, and Autodesk) remained in the top 10 through the 1990-97 period.  These “survivors” share several characteristics:  their patent propensities increased markedly during the early 1990s and they have either avoided entry by Microsoft into their product area altogether, or have competed successfully with Microsoft in their product niche.


�  According to Walsh (1995), Oracle Corporation, a major producer of database software “…has embarked on an aggressive program to secure patents for its software products—primarily to protect itself against potential infringement claims, in the face of a sharp increase in recent years in the number of software patents issued by the PTO.” (p. 1; cited in Merges, 1997, p. 129).


�   As the Committee’s report notes, copyright infringement “…requires a demonstration that some (conscious or unconscious) plagiarism has occurred.  For example, independent creation is a defense…Thus an author is not responsible for knowing the entire corpus of literature still within copyright so as not to infringe on it.” (Note #49, p. 198).


� In addition, and similarly to the situation at Stanford University (see below), more than 300 of the 420 licenses for this software invention are academic licenses.


� Some indication of the relative magnitudes of licensing revenues from these "site licenses," which for some years were administered by the OTL Software Distribution Center, is given by the following data cited in the 1988�89 report of Stanford's Office of Technology Licensing, which separated software licensing revenues into those derived from "direct software distribution through OTL's Software Distribution Center ($453,581 from 515 use licenses) and from royalties paid by commercial distributors ($420,.000 from 40 distribution licenses to software firms, computer companies, and publishers)." ("Office of Technology Licensing Twentieth Annual Report," 2/13/90, p. 4).  Unfortunately, we have been unable thus far to consistently separate software licenses between these two channels of distribution.


�   Dan Bricklin, a pioneer in the packaged software industry and developer of the first spreadsheet program, argues that a typical software product may involve literally thousands of patentable processes, which creates enormous hazards for independent or small-firm inventors who may belatedly discover that important components of their newly developed product are in fact patented by others (Merges, 1997, pp. 119-120).


�  Noting that a re-examination by USPTO of an issued patent, which can be requested by anyone, is much cheaper than litigation, Merges (1999) argues that such re-examination requests have grown during the 1990s.  But the data in his paper (p. 577), which cover re-examination requests in all patent classes, indicate that the number of requests remains quite low and has grown rather slowly.  The USPTO reported 243 requests for re-examination of issued patents in 1989 and 376 such requests in 1997.  But the number of re-examination requests grew most sharply between 1989 and 1992 (when 392 requests were reported by USPTO), and the 1997 figure is well below the 418 such requests reported for 1996.  Regardless of the rate of growth, the small number of such requests is striking, given the number of patents issuing in these years.  Further research is needed on the factors influencing the filing and effects of such re-examination requests.
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FIGURE 8

Patenting, per R&D $ (x100)
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FIGURE 16



SL100 ‘97 IPC Software Patents (excluding Microsoft) as a Share of All IPC Software Patents

by existing IPCs, 1984-97 
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FIGURE 31

By existing IPC, 1984-1997
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FIGURE 22
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Intel:  SW patents as % of corporate patents
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FIGURE 24

Hewlett-Packard

Hewlett-Packard:  SW patents as % of corporate patents
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FIGURE 28
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National Semiconductor:  SW patents as % of corporate patents
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FIGURE 30
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FIGURE 27
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FIGURE 25
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FIGURE 23
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FIGURE 20
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IBM:  SW patents as % of corporate patents
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FIGURE 21
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IBM:  Corporate SW patents as % of total SW patents
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		1997		1166		100		147		148		81		53		80		41		79		5		61		188		82		127		2358		4778		49.4%		1997		24.4%		2.1%		3.1%		3.1%		1.7%		1.1%		1.7%		0.9%		1.7%		0.1%		1.3%		3.9%		1.7%		2.7%

		1998		894		145		204		245		88		95		117		35		112		5		109		346		181		175		2751
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Measured by citations to all firm IPC patents in a two-year forward window, 1984-95

FIGURE 19

Normalized Citations
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			University Citation Quality Analysis:  Software as defined by firms & IPC


			sjg


									80			81			82			83			84			85			86			87			88			89			90			91			92			93			94			95			96			97


			All '84IPC Patents (AP)																		1124			1249			1282			1601			1750			2521			2280			2561			2896			3559			4302			4090			4578			4778


			2-year Cites to APs																		1598			2083			1975			3432			3083			3583			3292			3758			5286			6550			9558			8274


									80			81			82			83			84			85			86			87			88			89			90			91			92			93			94			95			96			97


			University Pat's (UP)																		7			7			5			14			18			47			33			37			44			51			60			57			60			57


			2-year Cites to UP's																		10			14			5			74			43			99			45			57			89			114			133			94


			Ratio (Numerator)						0.00			0.00			0.00			0.00			1.43			2.00			1.00			5.29			2.39			2.11			1.36			1.54			2.02			2.24			2.22			1.65


									80			81			82			83			84			85			86			87			88			89			90			91			92			93			94			95			96			97


			AP, less UP Pat's						0			0			0			0			1117			1242			1277			1587			1732			2474			2247			2524			2852			3508			4242			4033


			AP, less UP Cites						0			0			0			0			1588			2069			1970			3358			3040			3484			3247			3701			5197			6436			9425			8180


			Ratio (Denominator)						0.00			0.00			0.00			0.00			1.42			1.67			1.54			2.12			1.76			1.41			1.45			1.47			1.82			1.83			2.22			2.03


			University Quality						0			0			0			0			1.0048578625			1.2005799903			0.6482233503			2.4980430528			1.3610380117			1.4957495664			0.9436682812			1.0506145162			1.110028513			1.2183672723			0.9976763926			0.813069961


			normalized by all patents


			less university patents


			University Share of All Patenting


																					0.62%			0.56%			0.39%			0.87%			1.03%			1.86%			1.45%			1.44%			1.52%			1.43%			1.39%			1.39%			1.31%			1.19%


									80			81			82			83			84			85			86			87			88			89			90			91			92			93			94			95			96			97


			SL100 '97 IPC Pat's (SLP)																		0			0			0			3			2			2			3			4			11			24			34			43			78			151


			2-year Cites to SLP's																		0			0			0			2			4			2			6			6			24			56			118			108


			Ratio (Numerator)						0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.67			2.00			1.00			2.00			1.50			2.18			2.33			3.47			2.51


									80			81			82			83			84			85			86			87			88			89			90			91			92			93			94			95


			AP, less SLP Pat's						0			0			0			0			1124			1249			1282			1598			1748			2519			2277			2557			2885			3535			4268			4047


			AP, less SLP Cites						0			0			0			0			1598			2083			1975			3430			3079			3581			3286			3752			5262			6494			9440			8166


			Ratio (Denominator)						0.00			0.00			0.00			0.00			1.42			1.67			1.54			2.15			1.76			1.42			1.44			1.47			1.82			1.84			2.21			2.02


			SL100 '97 Quality						0			0			0			0			0			0			0			0.3105928086			1.1354335823			0.7034347948			1.3858794887			1.0222547974			1.1962268063			1.2701468022			1.5691176471			1.2447413837


			normalized by all patents


			less SL100 patents


									80			81			82			83			84			85			86			87			88			89			90			91			92			93			94			95


			AP, less UP+SLP Pat's						0			0			0			0			1117			1242			1277			1584			1730			2472			2244			2520			2841			3484			4208			3990


			AP, less UP+SLP Cites						0			0			0			0			1588			2069			1970			3356			3036			3482			3241			3695			5173			6380			9307			8072


			Ratio (Denominator)						0.00			0.00			0.00			0.00			1.42			1.67			1.54			2.12			1.75			1.41			1.44			1.47			1.82			1.83			2.21			2.02


			University Quality						0			0			0			0			1.0048578625			1.2005799903			0.6482233503			2.4948067427			1.3612575026			1.4953988292			0.9441530392			1.0506528179			1.1108772824			1.2206527752			1.0022277139			0.8151635282


			SL100 '97 Quality						0			0			0			0			0			0			0			0.3146603099			1.139657444			0.7099368179			1.3847577908			1.0230040595			1.1982496529			1.2741901776			1.5691667878			1.2415009104


			normalized by all patents


			less university and


			less SL100 patents


									80			81			82			83			84			85			86			87			88			89			90			91			92			93			94			95


			All SL100 Patents (ASP)						3			0			2			5			0			0			10			0			96			130			64			161			219			267			285			223


			5-year Cites to ASPs												2			0			0			0			4			0			40			63			39			117			219			267			285			223
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Incumbents versus Entrants, Weighted Patent Propensities, 15 SoftLetter 100, 1997

Entrants

Incumbents

FIGURE 18

Patenting, per R&D $ (x100)
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Sheet1


			Incumbents and Entrants Patenting in 4 SW Classes


			INCUMB			Top 15 publicly-traded firms from SL100 '97 founded pre-1985																																																																																																																																																																																													Methodology:  for years in which any $ figure was missing, all data for that firm for that year were ignored


									Microsoft												Adobe												Novell												Autodesk												Intuit												Symantec												TLC												Activision												Broderbund												Santa Cruz Op's												Borland												Wall Data												SPSS												Phoenix Tech												INSO																		Top 15 Incumbent firms, Weighted																																				Top 15 Incumbent firms


			Deflator						Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop									Sales			R&D			Patents			Prop																											Mean Propensity						Median Propensity


			0.806			86			197.514			20.523			0			0			16.055			2.821						0			81.531			3.21						0			52.382			3.415						0												n/a												n/a			42.649			8.341						0			26.621			5.14						0												n/a												n/a			29.211			4.358						0												n/a												n/a												n/a												n/a						86			445.963			47.808			0			0.0000																								86						0						0


			0.831			87			345.89			38.076			0			0			39.324			4.139						0			182.8			16.3						0			79.257			7.362						0												n/a												n/a			38.23			6.902						0			45.261			4.338			2			55.4803796411												n/a												n/a			81.597			8.654						0												n/a												n/a												n/a												n/a						87			812.359			85.771			2			2.8060																								87						7.9257685202						0


			0.861			88			590.827			69.776			1			1.6645267511			83.483			7.295						0			281.15			24.6						0			117.302			11.513						0												n/a			39.886			6.385			0			0			41.332			5.967			0			0			60.607			3.423			0			0												n/a												n/a			90.555			14.335						0												n/a												n/a			44.756			10.83			0			0												n/a						88			1349.898			154.124			1			0.7536																								88						0.1849474168						0


			0.897			89			803.53			110.22			2			2.0229127233			121.358			13.446			0			0			421.877			46.401						0			178.591			23.785						0												n/a			50.011			7.496			0			0			42.459			5.621			0			0			64.071			7.567			0			0												n/a												n/a			113.285			14.314						0												n/a												n/a			52.639			15.587			0			0												n/a						89			1847.821			244.437			2			0.9122																								89						0.2247680804						0


			0.936			90			1183.446			180.615			2			1.1830424587			168.73			20.19			0			0			497.512			67.546						0			237.85			26.745						0			33.06			2.7			0			0			116.344			17.711			0			0			43.157			6.549			0			0			28.763			5.343			0			0												n/a												n/a			226.755			23.307						0												n/a												n/a			35.626			9.15			0			0												n/a						90			2571.243			359.856			2			0.5938																								90						0.1183042459						0


			0.973			91			1843.432			235.386			2			0.8732458423			229.653			33.223			1			3.09348713			640.079			82.248						0			284.903			38.413						0			44.54			5.5			0			0			216.635			35.623			0			0			37.379			6.553			0			0			9.168			1.323			0			0			55.779			7.061			0			0												n/a			482.51			62.923						0												n/a												n/a			52.118			13.894			0			0												n/a						91			3896.196			522.147			3			0.5905																								91						0.3606120884						0


			1			92			2758.7251			352.153			5			1.4198374002			265.931			49.609			0			0			933.37			125.274			0			0			367.721			56.579						0			83.793			8.335			0			0			205.999			44.309			0			0			35.606			5.894			0			0			21.069			2.592			0			0			75.085			10.9			0			0			163.72			21.642			0			0			463.951			76.262			0			0			31.785			3.617			0			0			37.863			6.759			0			0			70.951			15.049			0			0												n/a						92			5515.5691			778.974			5			0.6419																								92						0.1014169572						0


			1.026			93			3753			470			16			3.3179876405			313.457			64.867			2			3.0050992628			1122.9			164.9			0			0			418.72			63.709			1			1.5298605682			121.372			12.979			0			0			267.7			51.5			1			1.9417475728			41.824			4.95			0			0			26.604			4.38			0			0			95.583			13.67			0			0			178.243			23.909			0			0			393.519			65.7			1			1.4834990402			64.641			7.608			0			0			42.724			7.677			0			0			76.26			15.819			0			0			13.757			3.177			0			0						93			6930.304			974.845			21			2.0996																								93						0.7518796056						0


			1.051			94			4649			610			24			3.7435073544			597.772			112.311			2			1.6943572507			1998.077			346.706			1			0.274432743			465.278			72.81			1			1.3067913555			194.13			22.06			0			0			334.867			69.203			2			2.7498079156			29.967			6.78			0			0			40.669			7.274			0			0			111.774			16.016			2			11.8815532707			184.068			28.066			0			0			254.064			61.76			3			4.6218010974			101.24			13.652			0			0			51.757			8.58			0			0			86.173			12.982			1			7.3291849169			23.463			5.316			0			0						94			9122.299			1393.516			36			2.4580																								94						2.240095727						0.274432743


			1.078			95			5937			860			43			4.6382189239			762.339			153.599			1			0.6039386876			2041.174			367.562			3			0.7571324986			546.884			78.678			0			0			395.729			105.839			1			0.8764668835			445.432			94.672			2			1.9597004073			121.287			6.696			0			0			61.393			17.505			0			0			171.594			22.784			0			0			199.329			43.385			0			0			215.206			45.086			10			20.5749852457			110.741			19.765			1			4.6933659741			73.79			10.9			0			0			49.941			11.038			1			8.404092995			41.887			12.989			0			0						95			11173.726			1850.498			62			3.1080																								95						2.8338601077						0.6039386876


			1.102			96			8671			1432			85			5.3863468148			786.563			174.165			11			5.7312612636			1374.856			275.627			2			0.6584558235			509.63			98.44			1			0.9218214307			538.608			83.601			0			0			472.183			91.974			1			0.9866277604			167.042			72.97			0			0			86.483			18.195			0			0			186.207			37.613			0			0			207.89			74.968			0			0			151.376			55.173			20			32.8943873392			139.364			22.859			1			3.9697319057			83.989			13.066			0			0			72.136			20.628			0			0			70.534			54.919			0			0						96			13517.861			2526.198			121			4.3465																								96						3.3699088225						0


			1.124			97			11358			1925			174			8.0417802838			911.894			176.831			6			3.018745747			1007.311			282.68			10			3.1473033653			632.358			144.619			1			0.6151886787			598.925			104.027			1			0.8552392315			578.361			91.332			0						343.32			89.99			0			0			259.926			28.393			0			0			190.787			67.767			0			0			193.66			46.13			0			0			127.485			30.716			24			69.5152792267			140.851			20.416			2			8.7155144524			110.644			17.816			1			4.993711918			82.129			26.349			2			6.7530434954			81.869			28.76			2			6.1869243067						97			16617.52			3080.826			223			6.4398																								97						7.988766479						3.0830245561


			ENTRAN			Top 10 publicly-traded firms from SL100 '97 founded post-1985


									Network Assoc's												Netscape												GT Interactive												Citrix												Visio												Macromedia												Medical Mgr.												Microprose												Cybermedia												NetManage												XcelleNet												Mapinfo												Systemsoft												Rogue Wave												Insignia Solutions																		Top 15 Entrant firms, Weighted																																				Top 15 Entrant firms
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FIGURE 32

Normalized Citations

Measured by citations to all firm IPC patents in a two-year forward window, 1984-95
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Comparing Quality:  University versus 1997 SL100 Patents
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Comparison:  Softletter100 1997’s Share (excluding MS) versus Softletter100 1985’s Share (excluding MS) of Patenting in All Classes (excluding SL100 in each year) 

FIGURE 17

SL100 ‘85

SL100 ‘97
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FIGURE 12

Weighted patenting propensities of the Top-15 Softletter100, 1997

Patenting, per R&D $ (x100)
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Weighted patenting propensities, Top-14 Softletter100, 1997, excluding Microsoft

Patenting, per R&D $ (x100)
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FIGURE 15

SL100 ‘97 IPC Software Patents as a Share of All IPC Software Patents

by existing IPCs, 1984-97 
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Mean patenting propensities, Top-14 Softletter100, 1997, excluding Microsoft

Patenting, per R&D $ (x100)
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FIGURE 10

Patenting, per R&D $ (x100)
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			9/16/99			All Patenting of Top 25 publicly-traded firms from SL100 '97
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			1.124			97			11358			1925			206			9.5207283819			911.894			176.831			8			4.0249943293			1007.311			282.68			14			4.4062247114			632.358			144.619			1			0.6151886787			578.361			91.332			2			1.9482321975			97			343.32			89.99			0			0			259.926			28.393			0			0			127.485			30.716			24			69.5152792267			97			82.129			26.349			2			6.7530434954			83.787			16.687			0			0			97			64.9			9.5						1			55			12.3			1			7.2331684171			41.8			4.6						0			35.2			7.3						0			17.157			3.2						0


																																																																																				Mean and Median Propensities for Top-10 and Top-25 firms, including and excluding Microsoft																																							Weighted Propensities for Top-10 and Top-25 firms, including and excluding Microsoft


																																																																																							15 firms																		14 Firms excluding MicroSoft																					15 firms																		14 Firms excluding MicroSoft


																																																																																							Mean Propensity						Median Propensity												Mean Propensity						Median Propensity															Sales			R&D			Patents			Prop									Sales			R&D			Patents			Prop


																																																																																				88						0.1109684501						0						88						0						0									88			1461.267			170.216			1			0.6823331448						88			870.44			100.44			0			0


																																																																																				89						8.4781502549						0						89						10.4291117583						0									89			2013.242			267.991			4			1.6639770765						89			1209.712			157.771			2			1.4132219505


																																																																																				90						0.1183042459						0						90						0						0									90			2780.387			390.878			3			0.8199817347						90			1596.941			210.263			0			0


																																																																																				91						0.8831462908						0						91						1.0311623767						0									91			4083.972			576.158			6			1.0702785304						91			2240.54			340.772			4			1.2063775535


																																																																																				92						2.2573543919						0						92						2.6323813365						0									92			5457.0251			776.207			14			1.803642585						92			2698.3			424.054			6			1.4149141383


																																																																																				93						5.0916092481						1.4834990402						93						6.0361690332						1.0372798019									93			6688.423			955.949			35			3.5685021302						93			2935.423			485.949			16			3.2090902359


																																																																																				94						3.9150825887						2.7498079156						94						4.5558977108						2.0282996355									94			8708.62			1342.124			42			2.9775148204						94			4059.62			732.124			16			2.0793740643


																																																																																				95						4.0929007697						0.6039386876						95						4.6487085511						0.3019693438									95			10440.169			1679.839			71			3.9207750695						95			4503.169			819.839			19			2.1498406286


																																																																																				96						3.4447394166						0						96						3.6786755238						0									96			12610.87			2303.779			144			5.672050416						96			3939.87			871.779			41			4.2677194185


																																																																																				97						7.0011239625						1.9482321975						97						7.874677588						1.2817104381									97			15598.628			2849.497			258			8.055364387						97			4240.628			924.497			52			5.004163907
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FIGURE 9

Patenting, per R&D $ (x100)
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Sheet1


			9/16/99			All Patenting of Top 25 publicly-traded firms from SL100 '97


									Microsoft			1									Adobe			2									Novell			3									Autodesk			4									Intuit			6									Symantec			7												Network Assoc's			5									Netscape			8									GT Interactive			9									TLC			10									Activision			11									Broderbund			12									Santa Cruz Op's			13									Citrix			18									Visio			20									Macromedia			22									Medical Mgr.			25									Borland			14									Wall Data			16									SPSS			21												Phoenix T			23									INSO			24									Quarterdeck			26									Great Plains			27									Platinum Soft			28


			Deflator						Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop						Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop						Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop			Sales			R&D			Patents			Prop


			0.806			86			197.514			20.523			1			6.0453870734			16.055			2.821			0			0			81.531			3.21			0			0			52.382			3.415			0			0												0												0			86												0												0												0			42.649			8.341						0			26.621			5.14						0												0												0												0												0												0												0			29.211			4.358						0												0												0															0												0												0												0												0


			0.831			87			345.89			38.076			0			0			39.324			4.139			0			0			182.8			16.3			0			0			79.257			7.362			0			0												0												0			87												0												0												0			38.23			6.902						0			45.261			4.338			2			55.4803796411												0												0												0												0												0												0			81.597			8.654						0												0												0															0												0												0												0												0


			0.861			88			590.827			69.776			1			1.6645267511			83.483			7.295			0			0			281.15			24.6			0			0			117.302			11.513			0			0									1			0			39.886			6.385			0			0			88												0												0												0			41.332			5.967			0			0			60.607			3.423			0			0												0												0												0												0												0												0			90.555			14.335						0												0												0						44.756			10.83			0			0												0												0												0												0


			0.897			89			803.53			110.22			2			2.0229127233			121.358			13.446			1			8.2911438479			421.877			46.401			0			0			178.591			23.785			0			0												0			50.011			7.496			0			0			89												0												0												0			42.459			5.621			0			0			64.071			7.567			0			0												0												0												0												0												0												0			113.285			14.314						0												0												0						52.639			15.587			0			0												0									1			0												0												0


			0.936			90			1183.446			180.615			3			1.774563688			168.73			20.19			0			0			497.512			67.546			0			0			237.85			26.745			0			0			33.06			2.7			1			39.5694840139			116.344			17.711			0			0			90												0												0												0			43.157			6.549			0			0			28.763			5.343			0			0												0												0												0												0												0												0			226.755			23.307						0												0												0			90			35.626			9.15			0			0												0			26.304			0.512			0			0												0			15.154			3.051			0			0			90


			0.973			91			1843.432			235.386			2			0.8732458423			229.653			33.223			4			12.3739485199			640.079			82.248			0			0			284.903			38.413			0			0			44.54			5.5						0			216.635			35.623			0			0			91			6.915			0.337			0			0												0												0			37.379			6.553			0			0			9.168			1.323			0			0			55.779			7.061			0			0												0												0												0												0												0			482.51			62.923						0												0												0			91			52.118			13.894			0			0												0			47.995			0.562			0			0												0			28.768			6.622			0			0			91


			1			92			2758.7251			352.153			8			2.2717398404			265.931			49.609			4			8.063053075			933.37			125.274			1			0.7982502355			367.721			56.579			0			0			83.793			8.335			0			0			205.999			44.309			0			0			92			13.683			0.882			0			0												0												0			35.606			5.894			0			0			21.069			2.592			0			0			75.085			10.9			0			0			163.72			21.642			0			0												0												0			25.261			5.836			1			17.135023989												0			463.951			76.262			0			0			31.785			3.617						0			37.863			6.759			0			0			92			70.951			15.049			0			0												0			55.002			1.786			0			0												0			49.04			11.666			0			0			92


			1.026			93			3753			470			19			3.9401103231			313.457			64.867			10			15.0254963139			1122.9			164.9			1			0.5910605636			418.72			63.709			1			1.5298605682			121.372			12.979			0			0			267.7			51.5			1			1.892541494			93			17.911			1.361			0			0												0												0			41.824			4.95			0			0			26.604			4.38			0			0			95.583			13.67			0			0			178.243			23.909			0			0												0												0			30.132			6.685			1			14.5797886222												0			393.519			65.7			1			1.4834990402			64.641			7.608						0			42.724			7.677			0			0			93			76.26			15.819			0			0			13.757			3.177			0			0			44.939			2.624			1			37.144011791												0			62.165			26.751			0			0			93


			1.051			94			4649			610			26			4.0554663006			597.772			112.311			4			3.3887145014			1998.077			346.706			2			0.548865486			465.278			72.81			1			1.3067913555			194.13			22.06			0			0			334.867			69.203			2			2.7498079156			94			32.9			4.209			0			0			0.696			2.032			0			0			101.82			0.117						0			29.967			6.78			0			0			40.669			7.274			0			0			111.774			16.016			2			11.8815532707			184.068			28.066			0			0			10.086			1.912			0			0			20.62			3.05			0			0			53.698			12.36			0			0												0			254.064			61.76			3			4.6218010974			101.24			13.652						0			51.757			8.58			0			0			94			86.173			12.982			1			7.3291849169			23.463			5.316			0			0			26.753			6.298			1			15.1075704338			37.897			9.308			0			0			58.87			17.9			0			0			94


			1.078			95			5937			860			52			5.6090089313			762.339			153.599			1			0.6039386876			2041.174			367.562			3			0.7571324986			546.884			78.678			0			0			395.729			105.839			1			0.8764668835			445.432			94.672			2			1.9597004073			95			90.065			9.354			0			0			85.387			26.841			0			0			253.85			0.52						0			121.287			6.696			0			0			61.393			17.505			0			0			171.594			22.784			0			0			199.329			43.385			0			0			14.568			2.343			0			0			34.224			5.086			0			0			116.691			20.033			2			9.2611569389			11.02			2.024			0			0			215.206			45.086			10			20.5749852457			110.741			19.765			1			4.6933659741			73.79			10.9			0			0			95			49.941			11.038			1			8.404092995			41.887			12.989			0			0			70.713			8.503			0			0			42.271			8.876			0			0			45.67			14.5			0			0			95


			1.102			96			8671			1432			103			6.5269849639			786.563			174.165			13			6.773308766			1374.856			275.627			5			1.6461395588			509.63			98.44			2			1.8436428613			538.608			83.601			0			0			472.183			91.974			1			0.9866277604			96			181.126			32.091			0			0			346.195			82.995			0			0			365.49			0.342						0			167.042			72.97			0			0			86.483			18.195			0			0			186.207			37.613			0			0			207.89			74.968			0			0			44.527			3.843			0			0			59.699			8.842			0			0			107.365			30.013			1			3.0234932074			11.956			2.648			0			0			151.376			55.173			20			32.8943873392			139.364			22.859			1			3.9697319057			83.989			13.066			0			0			96			72.136			20.628			0			0			70.534			54.919			0			0			133.1			36.307			0			0			57.12			9.678			0			0			60.75			10.4			0			0			96


			1.124			97			11358			1925			206			9.5207283819			911.894			176.831			8			4.0249943293			1007.311			282.68			14			4.4062247114			632.358			144.619			1			0.6151886787			598.925			104.027			1			0.8552392315			578.361			91.332			2			1.9482321975			97			600.803			85.021			0			0			533.851			233.015			2			0.763624415			530.677			13.824						0			343.32			89.99			0			0			259.926			28.393			0			0			190.787			67.767			0			0			193.66			46.13			0			0			123.933			10.898			0			0			99.515			15.479			0			0			113.09			32.23			3			8.2812260189			78.127			3.17			0			0			127.485			30.716			24			69.5152792267			140.851			20.416			2			8.7155144524			110.644			17.816			1			4.993711918			97			82.129			26.349			2			6.7530434954			81.869			28.76			2			6.1869243067			83.787			16.687			0			0			85.659			19.722			0			0			98.49			11.7			0			0			97


																																																																																				Mean and Median Propensities for Top-10 and Top-25 firms, including and excluding Microsoft																																							Weighted Propensities for Top-10 and Top-25 firms, including and excluding Microsoft


																																																																																				Methodology:  for years in which any $ figure was missing, all data for that firm for that year were ignored																																							Methodology:  for years in which any $ figure was missing, all data for that firm for that year were ignored


																																																																																							Top-10 figures																		Top-9 figures excluding MicroSoft																					Top-10 figures																		Top-9 figures excluding MicroSoft


																																																																																							Mean Propensity						Median Propensity												Mean Propensity						Median Propensity															Sales			R&D			Patents			Prop									Sales			R&D			Patents			Prop


																																																																																				86						0						0						86						0						0									86			390.131			38.31			1			3.2385664032						86			192.617			17.787			0			0


																																																																																				87						0						0						87						0						0									87			685.501			72.779			0			0						87			339.611			34.703			0			0


																																																																																				88						0						0						88						0						0									88			1153.98			125.536			2			1.8503699111						88			563.153			55.76			1			2.0829271625


																																																																																				89						0						0						89						0						0									89			1617.826			206.969			3			1.6159335965						89			814.296			96.749			1			1.1522880875


																																																																																				90						0						0						90						0						0									90			2280.099			322.056			4			1.3269444673						90			1096.653			141.441			1			0.7553510428


																																																																																				91						0						0						91						0						0									91			3303.536			437.283			6			1.4101841085						91			1460.104			201.897			4			2.0361852414


																																																																																				92						0						0						92						0						0									92			4664.8281			643.035			13			2.0216628955						92			1906.103			290.882			5			1.7189100735


																																																																																				93						0						0						93						0						0									93			6056.884			834.266			32			3.7385059227						93			2303.884			364.266			13			3.4783826386


																																																																																				94						1.2049645559						0.274432743						94						0.8882421398						0									94			8404.507			1246.228			35			2.6721930102						94			3755.507			636.228			9			1.3459440756


																																																																																				95						0.9806247408						0.3019693438						95						0.4663598308						0									95			10679.147			1703.761			59			3.2123627259						95			4742.147			843.761			7			0.7695907364


																																																																																				96						1.777670391						0.4933138802						96						1.2499687718						0									96			13412.693			2344.205			124			4.8000360901						96			4741.693			912.205			21			2.089032766


																																																																																				97						2.2134231945						0.8094318232						97						1.4015003959						0.763624415									97			17095.5			3146.339			234			6.6167394353						97			5737.5			1221.339			28			2.0396492725


																																																																																							Top-25 figures																		Top-24 figures excluding MicroSoft																					Top-25 figures																		Top-24 figures excluding MicroSoft


																																																																																							Mean Propensity						Median Propensity												Mean Propensity						Median Propensity															Sales			R&D			Patents			Prop									Sales			R&D			Patents			Prop
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FIGURE 6

Patenting, per R&D $ (x100)
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FIGURE 2

Patenting, per R&D $ (x100)
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Adobe SW Patenting Propensity, per R&D $
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Top-10 Weighted
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Top-9 Weighted (ex MS)
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Top-25 Weighted
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Top-24 Weighted (ex MS)
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Novell SW Patenting Propensity, per R&D $
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Autodesk SW Patenting Propensity, per R&D $
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Macromedia SW Patenting Propensity, per R&D $
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Borland SW Patenting Propensity, per R&D $


0


0


0


0


0


0


0


0


0


0


0


0





			86


			87


			88


			89


			90


			91


			92


			93


			94


			95


			96


			97





Wall Data SW Patenting Propensity, per R&D $
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Microsoft SW Patenting Propensity, per R&D $


Microsoft Software Patenting Propensity
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			9/16/99			All Patenting of Top 25 publicly-traded firms from SL100 '97
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																																																																																				Mean and Median Propensities for Top-10 and Top-25 firms, including and excluding Microsoft																																							Weighted Propensities for Top-10 and Top-25 firms, including and excluding Microsoft


																																																																																				Methodology:  for years in which any $ figure was missing, all data for that firm for that year were ignored																																							Methodology:  for years in which any $ figure was missing, all data for that firm for that year were ignored
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																																																																																				86						0						0						86						0						0									86			390.131			38.31			1			3.2385664032						86			192.617			17.787			0			0
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ipc84share


			isd			count			total pats			percent


			1984			1124			72694			1.5462073899


			1985			1249			77278			1.6162426564


			1986			1282			77044			1.6639842168


			1987			1601			89605			1.7867306512


			1988			1750			84453			2.0721584787


			1989			2521			102713			2.4544118077


			1990			2280			99275			2.2966507177


			1991			2561			106880			2.3961452096


			1992			2896			107534			2.6931017167


			1993			3559			109893			3.2386048247


			1994			4302			113715			3.7831420657


			1995			4090			113954			3.5891675588


			1996			4578			121810			3.7583121254


			1997			4778			124180			3.8476405218
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