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Introduction

This essay will explore to understand the key changes that have taken place in the treatment of financial innovations in the U.S. patent system, with a particular emphasis on their implications for the competitive behavior of firms.  I begin by considering the profound changes which have roiled the U.S. patent system over the past two decades: the strengthening of patent rights by the specialized court that hears patent appeals and the reduced resources available to assess patent applications.
  I summarize the major shifts that have spurred the use of patents, as well as academic and more anecdotal evidence about these changes’ implications.  

I then turn to the specific evidence regarding patents on financial services and methods.  Four conclusions emerge from the discussion:

· The increased protection offered financial product and process are consistent with the overall trends in patent protection in the United States.  So too are the increasing worries about the quality of issued financial patents.

· The strengthening of patent protection in many industries has led to a variety of strategic interactions, many of them worrisome.  There seems little reason to believe that the financial services industry will be unaffected.

· The number of issued finance patents has been growing rapidly, with the bulk of the awards going to U.S. financial institutions.  The distribution is very uneven, with a small number of institutions accounting for a disproportionate share of the awards.  These tend to be institutions with strong ties to academia.

· While financial institutions have historically differed in the attention that they paid to patent policy, in recent years many more major institutions appear to be addressing these issues. 

I conclude with some evidence from ongoing interviews with executives of major financial institutions.

The Backdrop

The fervent in the U.S. patent system—and in financial patents in particular—had its origin in two shifts.  Neither was thoroughly discussed at the time.  Nor did policymakers appear to appreciate the interaction between these two changes.

The first was a seemingly technical shift in the appellate process.  Since the birth of the republic, almost all formal disputes involving patents have been tried in the federal judicial system.  The initial litigation must occur in a district court.  Before 1982, appeals of patent cases were heard in the appellate courts of the various circuits.  These circuits differed considerably in their interpretation of patent law, with some of them more than twice as likely to uphold patent claims than others.  These differences persisted because the Supreme Court rarely heard patent-related cases.    

The result was widespread “forum shopping” in patent cases.  Patent applicants would crowd the hallway in the office where the list of awards was distributed at noon on each Tuesday.  Upon discovering that their patent had issued, they would rush to the pay phones to instruct their lawyers to file a patent-infringement lawsuit against competitors in a patent-friendly district court.  Meanwhile, representatives of firms who might infringe the issued patent would race to the phones as well.  They would order their lawyers to file a lawsuit seeking to have the new patent declared invalid in a “skeptical” district.  Often the fate of the case—and many million dollars in damages—would hinge on which lawyer got his suit time-stamped first.  (Judges would often combine such dueling lawsuits into a single action, heard in the district court where the initial action was filed.)

In 1982, the U.S. Congress decided to tackle this situation.  It established a centralized appellate court for patent cases:  the Court of Appeals for the Federal Circuit (CAFC).  In the congressional hearings that preceded the decision, lawmakers reassured constituents that the change would bring much-needed consistency to the volatile world of patent litigation.  But even from the inception of the legislative push, informed insiders suspected that the new court would substantially boost patent-holders’ rights.   

And that is precisely what happened.  The CAFC was staffed mostly with judges in the federal system who had experience as patent attorneys.  Not surprisingly, many had an outlook that was sympathetic to the patent system.  Over the next decade, in case after case, the court significantly broadened patent-holders’ rights.  A comparison of the CAFC's rulings with those of the previous courts illustrates the magnitude of the change.  Whereas the circuit courts had affirmed 62% of district-court findings of patent infringement in the three decades before the creation of the CAFC, the CAFC in its first eight years affirmed 90% of such decisions.
  The court expanded patent-holders’ rights along a number of other dimensions as well.  

The impact of the strengthening of patent rights alone would be difficult to predict: after all, a voluminous theoretical literature has debated the virtues of strong and weak patent protection.  Yet these changes to the judicial system did not happen alone—simultaneously, the U.S. Patent and Trademark Office (PTO) itself was also changing.  Over the course of the 1990s, Congress converted the PTO from a tax-revenue-funded agency that collected nominal fees for patent applications into one funded solely by fees.  Indeed, the PTO has become a “profit center” for the government, collecting more in application fees than it costs to run the agency.  

These effects of these financial pressures have been particularly pernicious in emerging industries.  Chronically strained for resources, PTO officials are unlikely to assign many patent examiners to emerging technologies in advance of a wave of applications.  Meanwhile, levels of compensation of patent examiners have fallen well below comparable positions in the private sector.  As patent applications begin flowing in, the PTO frequently finds the retention of the few examiners skilled in the new technologies difficult.  Companies are likely to hire away all but the least able examiners.  These examiners are valuable not only for their knowledge of the PTO examination procedure in the new technology, but also for their understanding of what other patent applications are in process but not awarded.  (Many U.S. patent applications are held confidential until time of award.)  As a result, patent examinations in emerging technologies are often performed under severe time pressures by inexperienced examiners.  

As Adam Jaffe and I discuss in much greater detail in our book, these pressures have been exacerbated by management miscues, particular in the critical area of information technology.  Moreover, and perhaps not coincidentally, the PTO increasingly defined its mission as serving patent applicants.  Many critics have suggested that these pressures have led to a lowering of the standards for examining of patent awards.

Consequently, awards of patents in several critical new technologies have been delayed and highly inconsistent.  The clearest examples of this problem are the biotechnology and software industries.  In the latter industry, examples abound where inexperienced examiners have granted patents on technologies that were widely diffused but not previously patented.
  As we’ll discuss below, these ambiguities have created ample opportunities for firms that seek to aggressively litigate their patent awards.

The Competitive Implications

How have these shifts affected the way in which firms apply for patents, and use their patents once they are awarded?  We’ll first discuss some anecdotal evidence; then turn to the more academic studies of these questions.

Even a casual glance reveals that the strengthening of patent law appears not have gone unnoticed by corporations.  Between 1988 and 2000, patent applications by U.S. corporations more than doubled.  Furthermore, companies have grown increasingly willing to litigate patents: the number of federal patent suits soared from 795 in 1981 to 2,573 in 2001.
  

Even companies where executives initially expressed little interest in launching aggressive patenting and litigation programs have responded.  In many cases, attitudes changed after firms found themselves targeted for litigation by rivals.  For instance, after Microsoft lost a major patent-infringement suit against Stac Electronics in 1994, Bill Gates urged his managers to aggressively pursue opportunities to patent the company’s discoveries.  The number of awards to Microsoft jumped from 2 in 1991 to 206 just six years later.

These patent filing and litigation activities are likely to impose lead to substantial expenditures by firms.  Based on historical costs, patent litigation begun in 1991 will lead to total legal expenditures (in 1991 dollars) of over $1 billion, a substantial amount relative to the $3.7 billion spent by U.S. firms on basic research in 1991.
  Litigation also leads to substantial indirect costs.  The discovery process is likely to require the alleged infringer to produce extensive documentation, time-consuming depositions from employees, and may generate unfavorable publicity.  Its officers and directors may also be held individually liable.

Nor are these costs likely to randomly distributed: rather, they are borne disproportionately by those who develop the most important new technologies.   This relationship is demonstrated by Lanjouw and Schankerman [2001], who use U.S. data on patents in all technology areas to investigate the relationship between a range of measures of patent breadth and value and the likelihood of litigation.  One measure of the value of a patent is the number of times that it is cited by future patentees as an important antecedent invention: revolutionary new technologies with commercial value spawn further innovative efforts in the same area and hence the related patents are often cited.  They find that the number of citations to a patent is very strongly correlated with the probability of an infringement suit being filed.

Furthermore, firms receiving dubious awards have grown bolder in using the enforcement of these rights as a pathway to profit.   In particular, we have seen two disturbing responses to the proliferation of patent awards. 


Scenario 1: Consider an established firm whose competitive position and innovation prowess are declining.  Realizing that it has a valuable stockpile of issued patents, this firm approaches rivals, accuses them of patent infringement, and demands that they take out licenses to its patents.  In many cases, the firm targets smaller companies, who lack the extensive financial resources needed to engage in protracted patent litigation.


Even if a target firm has not infringed, it may choose to settle rather than fight.  The small firm may simply be unable to raise the capital needed to finance a lengthy court battle.  Or, it may be unwilling to sacrifice investments in R&D and new facilities to finance the fight.  Furthermore, patent litigation carries substantial indirect costs.  The pre-trial proceedings and the trial itself require alleged infringers to produce extensive documentation and their employees to make time-consuming depositions.  The process may also generate unfavorable publicity for the defendant.  Finally, a target firm’s officers and directors may be held individually liable, or may be targeted in shareholder lawsuits if the company’s stock price drops.  


For numerous large companies—most notoriously, Digital Equipment Corporation, Texas Instruments, and Wang Laboratories—patent-enforcement activities have become a line of business in their own right.  Such firms have established patent-licensing units, many of which have successfully extracted license agreements or royalties from smaller rivals.  For instance, Texas Instruments has been netting close to one billion dollars annually from patent licenses and settlements resulting from its general counsel's aggressive enforcement policy.  In some years, income from these activities has exceeded the company’s income from the sale of actual products.


In addition to being forced to pay undeserved royalties, small firms may decide to reduce or alter their investment in R&D in order to avoid infringement suits.  Evidence from surveys and practitioner accounts suggests that the time and expense of intellectual-property litigation are major considerations when companies (especially small ones) decide whether to pursue an innovation.  In particular, smaller firms tend to shy away from pursuing innovations in areas where large firms have already patented.  Thus, patent enforcement by large firms may suppress innovation by younger, more vibrant concerns.  This hurts the economy overall, because smaller firms are a vital source of new ideas and growth.  But as we’ll see in Scenario 2, established firms also pay a price for the current state of the patenting system.


Scenario 2: A new group of troublemakers has emerged:  individual inventors who obtain patent awards to “hold up” established firms in their industries. Often, these individuals have received patents of dubious validity, with overly broad claims.  Still, many established companies choose to settle such disputes, to avoid the uncertainty associated with trying to defend a complex piece of intellectual property.  

Such an individual inventor may employ various strategies to make the battle more one-sided and drive his prey to settle the suit.  For example, he might demand a jury trial and then present himself as a “David” pitted against a money-grubbing corporate “Goliath.”  He may choose a court where residents are highly unsympathetic to the defendant.  For instance, Jerome Lemelson, who claimed to have invented bar-coding technology, was fond of filing suits against Japanese and Korean firms in the Southern District of Texas.  

Similarly, individual inventors’ litigators frequently threaten to obtain a preliminary injunction against a corporate defendant to stop the company from using the patented technology even before the trial begins.  While an organization might be reluctant to ask for such a drastic measure, lest its opponent seek a similar ban, individual inventors often feel no such compunction.  Given the uncertainty of the trial process, many large firms decide to settle with an individual inventor rather than fight.  

The primary way that economists have explored these questions has been through industry studies.
  One effort (Lerner [1995]) examined the biotechnology industry, an industry that has been the site of some of the most intensive patent litigation.   I examined the propensity of firms to patent in sub-classes that rival firms had already received awards.  The analysis showed that firms with high litigation costs were less likely to patent in more “crowded” subclasses with many other awards, particularly those of firms with low litigation costs.  This pattern was consistent with the literature on costly litigation, which suggests that firms with high litigation costs will take greater precautions to avoid litigation, and raised questions as to whether the strengthening of patent protection was affecting the direction of technological innovation.  

Bronwyn Hall and Rosemarie Ziedonis {2001], meanwhile, analyze in detail the behavior of semiconductor firms.  Combining empirical analyses with interviews of lawyers and managers at semiconductor firms, they document the critical role of patent strategy.  The complex nature of semiconductor technology implies that firms must use rival’s technologies, so cross-licensing agreements are an economic necessity.  Furthermore, the capital intensity of the industry implies that the costs of an injunction would be punishing.  As a result, firms build large portfolios of patents, which they then cross-license with rivals.  

They suggest that the strengthening of patent protection has led to an increased emphasis on seeking patent protection, even if the pace of innovation at large firms has not increased.  At the same time, they acknowledge that recent years have seen much entry of “fabless” manufacturers, who design chips but leave the manufacturing to others.  Without strong patent protection, it is unclear whether such vertical disintegration could have occurred.

Other studies have looked at the nature of the litigation process.  A study by Jenny Lanjouw and myself [2001] examines the use of preliminary injunctions in patent litigation.   (The grant of a preliminary injunction prevents an infringing firm from using the innovation during the period of the trial, in many cases forcing the firm to shut down.)  We investigate the hypothesis that financially strong firms use this mechanism to prey upon weaker firms.  The threat of higher legal costs and the possibility of a cessation of operations may lead defendants to settle on less favorable terms. Because financing considerations relate to size, the model predicts that preliminary injunctions will be used primarily by large firms and, in particular, those with cases filed against smaller firms.  Such strategies are of particular concern because it exacerbates the disadvantage that financially constrained firms already face in using the court system for dispute resolution.  We explore the predation hypothesis empirically, using data on 252 patent lawsuits filed between January 1990 and June 1991 in six Federal districts.  Bringing together data from multiple sources, we obtain the details on each legal suit, as well as various proxies for the resources of each party.  The evidence is largely consistent with the model.

Changes in Financial Patenting

With this background, I will now turn the specifics of financial and business method patents.  I’ll briefly summarize the recent changes in the treatment of such inventions, and then turn to evidence of strategic behavior in patenting.

Since the early days of the twentieth century, there has been considerable doubt as to whether methods of doing business fell under the definition of patentable subject matter, namely “any new and useful process, machine, manufacture, or composition of matter.”
  While the United Sates did not explicitly forbid business method patents, as many countries did, there was still a presumption that they did not fall into these four categories and hence were not patentable.

This presumption changed with the CAFC’s July 1998 decision in State Street Bank & Trust v. Signature Financial Group.
  This case had originated with a software product used to fix closing prices of mutual funds for reporting purposes, on which Signature had obtained a patent for in 1993.  The system essentially allowed managers of fund complexes to efficiently “mark to market” portfolios and allocate expenses, taxes, and other costs.  After licensing talks with Signature broke down, State Street Bank sued in 1996 to have the patent invalidated on the grounds that it covered a business method and was hence not patentable.  This was an important issue to State Street, since it serves as custodian for about 40% of U.S. mutual fund assets and is estimated to derive revenues of more than $3 billion for its services.

While State Street’s argument prevailed in the Federal District of Massachusetts, where a summary judgment of patent invalidity was issued.  The CAFC reversed the decision on appeal.  In its decision, the appellate court explicitly rejected the notion that there was a “business method” exception for patentability.  Rather, the CAFC stated “the question of whether a claim encompasses statutory subject matter should not focus on which of the four categories of subject matter a claim is directed to … but rather on the essential characteristics of the subject matter, in particular, its practical utility.”
  State Street’s certiorari petition to the Supreme Court, asking them to review this decision, was rejected in January 1999.

Assessing the extent to which this decision has affected firm behavior is difficult.  Certainly, financial patents have issued for many years.  (The patent issued to Merrill Lynch in 1982 for its cash management account was one highly publicized example.)  But practitioner accounts suggest that the State Street decision has spurred many financial institutions to reconsider their policies regarding patenting.  Informal conversations with patent examiners in the relevant examination groups suggest that a large number of applications, perhaps several hundred, have been received in the wake of the decision.  Applications for other classes of business method patents also appear to be increasing.  A particular area of activity appears to be electronic commerce.  Interest here has been stirred by the award of at least one dozen broad patents to Walker Digital, parent of Priceline.com, an Internet company that conducts “reverse auctions.”  

An examination of the financial patents that issued both before and after the State Street decision underscores many of the issues regarding examination quality discussed above. Two awards from 1999 make illustrative “case studies.”

U.S. Patent no. 5884286, “Apparatus and process for executing an expirationless option transaction,” was awarded to Vergil Daughtery III, an individual inventor based in Americus, Georgia.  The patent covered the valuation of infinitely lived call and put options.  As the abstract read:

The apparatus and process of the present invention use a computer system to receive and store data representative of a particular asset, a type of option (call or put), requested exercise price, and a multitude of other variables related to the asset.  The apparatus and process then generate data representative of an expirationless option premium for use in transacting an expirationless option.

Only three academic articles were cited: Merton’s early essay [1973] and two reprints included in The Handbook of Financial Engineering (Cox, Ross, and Rubinstein [1990], Smith [1990]).
  In his discussion of the prior art, the inventor claimed that he had made an important conceptual breakthrough:

Of importance, the common denominator among the variety of prior art systems for transacting asset-based options are that they are only capable of transacting options which expire after a certain period of "time." …   Therefore, a need exists for an apparatus and process for transacting an option which is not dependent on "time."  In other words, a need exists for a system which transacts an expirationless option. …  More specifically, all algorithms that have been derived for generating fair option premiums include a variable for "time."  Such algorithms include the Black-Sholes [sic], Binomial Pricing, and Analytic Approximation algorithms.

This characterization of the prior art is quite problematic.  The earliest explicit pricing model for a perpetual contingent claim was Samuelson [1965].  The pricing of perpetual warrants was refined in Merton and Samuelson [1969], Merton [1973], and numerous subsequent papers.  (Only the latter of these papers is cited in the patent, and its contribution is mischaracterized in the description of the prior art.)  An explicit derivation of a trading strategy involving perpetual options was found in Black and Perold [1992].

A second example is U.S. Patent no. 5,940,810, “Estimation method and system for complex securities using low-discrepancy deterministic sequences,” awarded to Joseph Traub and two colleagues and assigned to their employer, Columbia University.  The patent covered the use of advanced simulation techniques to value securities.  As the abstract read:

In securities trading, in setting the initial offering price of a financial instrument, or in later revaluation as financial parameters such as interest rates may change, an estimate of the value of the instrument may be represented as a multi-dimensional integral.  For evaluation of the integral, numerical integration is preferred with the integrand being sampled at deterministic points having a low-discrepancy property.  The technique produces approximate values at significant computational savings and with greater reliability as compared with the Monte Carlo technique.

The breadth of the patent’s claims, or the area to which the patentee claims ownership, was striking.  The first claim was illustrative:

A method for one of buying, holding, and selling a complex security, comprising: (i) deriving a multivariate integrand which, when integrated over a domain of integration having at least 50 dimensions, represents an estimated value of the security; (ii) calculating, by computer, integrand values at points in the domain of integration which are obtained from a low-discrepancy deterministic sequence; (iii) combining the integrand values, by computer, to approximate the estimated value; and (iv) effecting, based on the estimated value, one of buying, holding, and selling the security.

While the patent cited 19 articles or working papers, all but one of these was in the mathematics literature.  Even here, mathematics researchers have questioned whether the patented algorithm was not a simple extension of the previously published literature that would be obvious
 to someone specializing in the area and hence not patentable (see the discussion in Falloon [1999]). 

The only finance article cited in this patent was Nimomiya and Tezuka [1996].  In actuality, the use of Monte Carlo methods in the finance literature dates back as far as Boyle [1977].  Once again, the application of quasi Monte Carlo techniques might be thought of as an obvious extension of the literature.  More recently, a number of working papers and articles explicitly addressed the use of quasi Monte Carlo techniques in financial applications, including Cheyette [1992]; Joy, Boyle, and Tan [1994]; and Tan and Boyle [1997].  The Traub patent’s failure to cite this work was both puzzling and problematic.

These casual impressions are borne out by a more systematic examination of references to the major finance journals and researchers in the population of finance patents. In order to identify financial patents, I employed the U.S. patent classification scheme.  Each patent is assigned at the time of its award to one or more of approximately 100,000 patent classes.  The USPTO updates these assignments as new patent subclasses are created.  I used all patents assigned to the following subclasses of class 705, “Data Processing: Financial, Business Practice, Management, or Cost/Price Determination”:

· 705/35: Finance (e.g., banking, investment, or credit) 

· 705/36: Portfolio selection, planning, or analysis 

· 705/37: Trading, matching, or bidding 

· 705/38: Credit (risk) processing or loan processing (e.g., mortgages)

I did not include subclasses 705/39 through 705/45, which focus on bank back office operations (e.g., ATM networks, remote banking, and electronic funds transfer).  I also employed some, but not all, of the patents assigned to one subclass:

· 705/4: Insurance (e.g., computer implemented systems or methods for writing insurance policies, processing insurance claims, etc.)

Many of the patents in this subclass have little relationship to finance.  Therefore, I reviewed the abstracts of these patents, and identified those related to the calculation of annuity rates, the investment of insurance company assets, the management of risk through financial instruments, and related topics.  

Using the USPTO’s web site (http://www.uspto.gov/patft/index.html) and the Delphion (formerly IBM) Intellectual Property Network (http://www.delphion.com), I identified 605 financial patents awarded from January 1971 to December 2000.
  I also collected a variety of other information from the database: the name of the inventor, the assignee (the entity to which the patent is assigned at the time of its award), the application and award dates, and the prior art cited by the patent. 

Using this database, I examine the number of citations in the 445 patents awarded through February 2000 to the managing editors, founding editors, advisory editors, and editors of the three major journals devoted solely to financial economics (Journal of Finance, Journal of Financial Economics, and Review of Financial Studies) in March 2000, as well as Economics Nobel Laureates who specialized in financial economics.  There were only a total of 21 references to these authors in the 445 patents and only six references to their articles in major finance and economics journals.  In many cases, the cited works were textbooks, which often synthesized existing knowledge and were further from the frontier of academic research.  Moreover, there were only 19 citations to major finance and economics journals in the patents.  

The scanty references to the academic finance literature in these patents might not be disturbing if these patents did not deal with academic-related topics.  But this is not the case.  An analysis of the content of these patents suggests that the share of recent financial patents where there was relevant prior art in the academic literature was nearly 30 percent of the awards.  (The most relevant topics were asset allocation—an area that had been growing particularly rapidly—risk management, and valuation.)  These findings raised questions about whether applicants for and examiners of financial patents had considered the substantial body of cutting-edge academic research.

Competitive Implications for Finance Patents

A natural next question is the extent to which the strategic behaviors relating to patents seen in other industries is now being manifested in the financial services industry.  The section reviews the quantitative and qualitative evidence on these points.  I’ll begin with the more systematic evidence.

First, it is clear that the number of patent awards is accelerating.  Figure 1 depicts the number of U.S. finance patent awards (using the same definition as above) from the beginning of 1971 to the end of 2000.  In no year prior to 1997 were more than 25 financial patents awarded.  The number of awards then climbed to 33 in 1997, 88 in 1998, 145 in 1999, and 202 in 2000.  

It is hard to anticipate future trends in patenting.  In particular, the USPTO in 2000 lengthened the review process for these awards, which means that the issuance of more recent applications is likely to take longer.  But the trend in finance patent applications can provide a clue as to likely future trends in award.  Exact data on still-pending financial patent applications are not available.  The changing volume of applications can, however, be estimated using data about applications relating to business methods in general.
  These tabulations were prepared for fiscal years 1996 through 1999 (the USPTO’s 1999 fiscal year, for instance, runs between October 1, 1998 and September 30, 1999).  

Figure 2 presents the estimated number of financial patent applications in recent years.  The estimates were based on the number of business method patent applications in each year and the estimated ratio of financial patents to all business method patent grants.  Because the share of business method patent grants that have been finance-related has risen over time, I estimated the ratio in two ways.  First, I assumed that their share of business method applications was constant and equal to their share of business patent grants over the four-year period.  Second, I assumed that the share of finance patents was increasing (as the data suggests).  In particular, I set the finance-related share of applications equal to these patents’ share of business method awards two years later (reflecting the approximate time that the applications took to be processed).

Both methods suggested that patent applications have been climbing sharply since the State Street decision.  Assuming a constant share of business method patents, the number of finance applications increased nearly three-fold between the 1997 and 1999 fiscal years.  Assuming a linear trend in the finance patents’ share, the increase during this period was more than four-fold.  These projections suggested that the number of awards would continue to grow in future years, assuming that the USPTO’s examination practices for business method patents will remain relatively constant, which, as noted above, may or may not be the case. 
Two other patterns follow from an examination of individual awardees.  First, the awards to date are dominated by U.S. corporations.  Second, the propensity of firms to seek patent awards differs dramatically.

Panel A of Table 1 presents a breakdown of the entities to which the patents were assigned through the end of 2000.  The two recipients of the most patents, Merrill Lynch and Citigroup, were not surprising: both were large, diversified financial services organizations with a long history of new product development.  The rest of the list, however, was more diverse.  The list included many computing equipment manufacturers such as Hitachi and International Business Machines.  It also included some groups that are specializing in compiling large numbers of business method patents, such as Walker Asset Management, the majority owner of Priceline.com and other entities.  The absence of many large investment and commercial banks is also striking. 

Panel B presents the overall distribution of awards and compares them to the distribution of all patents awarded in 1998 (the most recent calendar year for which data were available).  A disproportionately large number of patents were awarded to individuals and to U.S. corporations.  The role of non-U.S.-based corporations in financial patenting to date was modest relative to patenting across all technologies.  Just five patents were awarded to universities and their affiliates.

I also seek to determine which classes of financial institutions are patenting the most.   Rather than looking at all financial institutions—it would be difficult to characterize these firms with a consistent set of measures—I examine the patenting of one well-documented class of organizations, investment banks.  To examine this issue, I estimated a “patent production function,” which sought to explain the patenting by each entity.  Similar equations have been estimated for patenting by traditional manufacturing and service firms (see Griliches [1990] for an overview).

I created a “panel” of approximately thirty of the largest investment banks and examined the count of successful patent applications filed in three six-year periods: 1980 to 1985, 1986 to 1991, and 1992 to 1997.  1997 was the last year used in the analysis because, as noted above, I could only observe issued U.S. patents.  While many patents filed in 1998 and 1999 may ultimately issue, relatively few have done so to date.  

The investment banks were characterized by a considerable degree of exit and merger activity.  Furthermore, because patents are not assigned to an institution until the time they are awarded, it was sometimes hard to determine where they originated; e.g., a recently awarded patent assigned to Citigroup may have been originally applied for by an employee of Citicorp, Salomon Brothers, Smith Barney, or Travelers.  I addressed this problem in two ways:

· I employed the largest firms in terms of underwriting volume in each six-year period.  In particular, I took the union of the 25 largest global debt and equity issuers as compiled by Securities Data Company (SDC).  Because in many cases investment banks were included on both lists, the actual sample size varied from 29 to 33.
· I undertook all calculations as if the firms were in their current configuration: for instance, I combined the patents and underwriting volume of Salomon Brothers and Smith Barney in each period.
One problem with using patent counts as the dependent variable was the implicit assumption that each patent was equal in importance.  This was unlikely to be the case.  In particular, extensive research (e.g., Pakes [1986]) has shown that the distribution of patent values is highly skewed.  One way to address this problem was to examine the citations to the patent in subsequent patent awards.  Patent citations are a powerful measure since they play an important legal role: patent applicants must cite the relevant prior art of which they are aware in their application or risk their patents being subsequently held invalid due to “fraud on the patent office.”  Trajtenberg [1990] demonstrated a strong relationship between the number of patent citations received and the economic importance of a patent.  As in that analysis, I assigned each patent a weight equal to one plus the number of citations received through February 2000.

One complication with using citations as a measure of importance was that the patents had different periods to be cited.  While Trajtenberg [1990] analyzed a population of mature patents that had already received nearly all the citations they were likely to obtain, many of the patents in my sample were recent.  In order to compare patents of different vintages, I constructed a “normalized” citation-based weight for each patent.  To do this, I calculated the ratio between the patent’s actual weight and the predicted weight.  The predicted weight was the one plus expected number of citations for a patent in the same technological classification and of the same age.  This normalized weight controlled for differences across time in the “propensity to cite,” as well as for the impact of the truncation imposed by our lack of knowledge of citations that will occur in the future. Thus, the weight was as follows:
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where Ci is the actual number of citations received in year i, Pi is the predicted number of citations in year i, and A is the year of the award.  I employed the set of predicted citations computed by Jaffe and Trajtenberg [1998].

As independent variables, I employed:

· The volume of equity securities underwritten by the investment bank in the period, in 1999 dollars (as compiled by SDC).

· The volume of debt securities underwritten by the investment bank in the period, in 1999 dollars (as compiled by SDC).

· The investment bank’s reputation among its peers on a nine-point scale (with 9.0 being the highest and zero being the lowest), as compiled by Carter and Manaster [1990] (for the 1980 to 1986 period) and Carter, Dark, and Singh [1998] (for subsequent periods).  This ranking was compiled based on the positioning of the bank in “tombstone” advertisements commemorating securities offerings.

· The investment bank’s research intensity.  This was the most difficult measure to compile, as it was impossible to identify either the R&D expenditures or the number of researchers at the banks over an extended period of time.  As a result, I employed the average share of each bank’s employees on the editorial or advisory boards of two academic-practitioner journals—Financial Management and the Journal of Portfolio Management—over each six-year period.

Table 2 presents the regression analyses.  I first estimated a Poisson specification, reflecting the ordinal, non-negative nature of the count of patent awards.  In order to undertake the other estimations, I employed an ordinary least squares (OLS) specification.  In particular, I estimated pooled (where each observation is treated as independent), within (with fixed effects for each organization), and between (employing the average of the dependent and independent variables for each organization) equations.  In all but the final regressions, I employed heteroskedastic-consistent standard errors.

The goodness-of-fit in many of the regressions was not as high as would be desired.  This may reflect the non-systematic manner in which many organizations approached financial patenting in the pre-State Street era.  In a number of regressions, larger banks—particularly those with more debt underwriting—were associated with more patenting.  This is consistent with the work on financial innovation, which suggests the bulk of innovation  in recent decades has been in debt and debt-linked securities (Tufano [1989]).

But the most consistently significant measure related to ties to the academic community.  While the measure of the bank’s ties to the academic community was a crude one, it was positive and statistically significant in all regressions that did not use fixed effects.  This effect disappeared, however, when fixed effects were used.  The change was probably a consequence of banks’ ties with the academic community changing slowly.  Those investment banks that had strong connections early in the sample period, such as Salomon Brothers, generally continued to maintain these relationships.  The absence of variation over time makes it difficult to identify the effects of slowly changing regressors in the fixed-effects regression. 

I can, however, ask to what extent the investment bank fixed effect is associated with the observable characteristics.  I do this by first estimating the regression with dummy variables for each bank and then projecting the estimated dummy coefficients on the mean for each bank of the observable characteristics.  The results of this projection tell us the “effects” of the characteristics on the dependent variables, estimated in a way that takes into account an unbiased estimate of the effect of the time-varying regressors.
  As the final two regressions in Table 2 report, in each case, the estimated dummy coefficients were positively and significantly associated with the academic ties of the investment bank.  An important caveat relates to the interpretation of these results: because I am unable to control in the second-stage regression for unobserved bank effects, I cannot really say whether the effect is causal or due to a common correlation with the unobserved characteristics. 

Additional insights into these questions emerge from an ongoing project with my colleague Peter Tufano.  To better understand the impact of the new regime on the competitive environment, we conducted interviews with senior patent attorneys and financial innovators at a number of major financial institutions.  

Several themes emerged from our conversations:

· The realization of the strategic importance of financial patents was now widespread.  Even institutions that had historically not pursued financial patents were now aggressively increasing their efforts in this regard.

· Historically, major financial institutions have been reluctant to engage in protracted patent conflicts with each other.  Many senior executives share a perception that such litigation is very costly “zero sum game”: i.e., a process in which only the lawyers will benefit.

· Some observers believe that the current downturn, and the associated pressures to boost revenues, will lead to increased interest in employing newly developed patent portfolios more aggressively, including initiating more frequent litigation against peers. 
· Legal actions by “paper competitors”—individual inventors or small firms who have no foothold in the finance product market, but have relevant patent holdings—are on the increase.  Many observers believed that the patents behind these actions were often of dubious validity.  Despite the questionable nature of some claims, defendants have often chosen to settle the cases rather than undergo lengthy and uncertain legal battles.
One focus of our conversations was on the likely impact of these changes on the structure of the financial services industry.  We highlight three possible outcomes:

· The “biotech story.”  When the Supreme Court extended patent protection to biotechnology discoveries in 1980, it sparked the birth of a new industry.  Numerous small companies were formed—and continue to be established to this day—to exploit these discoveries.  Patent protection has allowed them to enter into licensing agreements and other collaborations with major pharmaceutical firms and other established players.  So too, financial patents could usher in a new set of players in the financial services industry.

· The “semiconductor scenario.”  Semiconductor firms have put more and more effort in the past two decades into seeking patent protection.  The complex nature of semiconductor technology implies that firms must use rivals’ technologies, so cross-licensing agreements are an economic necessity.  Established firms build large portfolios of patents, which they then cross-license with rivals.  New firms find it incredibly difficult to enter the industry, as they have few patents to offer in exchange for licenses to the established firms’ awards.  In a similar vein, patent protection may reinforce the position of the largest firms in the financial services industry.

· Alternatively, the strengthening of patent protection may have little impact on innovation and profits in this industry.

We believe that the second scenario is the most likely.  The established financial institutions already have substantial benefits from their broad distribution networks.  It is quite likely that the creation of large patent portfolios will only reinforce this power.  Furthermore, the nature of distribution in the financial service sector tends to make smaller firms beholden to larger ones that are the lead underwriters and syndicators.  As a result, small firms are probably unlikely to be poised to take on larger financial service firms using patenting.   This is not a new industry where patenting can play a role in determining industry structure de novo, but rather a change to an existing industry where there are apparent economies of scale and scope.  

Conclusions

This paper has taken an initial look at the competitive implications of the changing environment for financial patents.  The paper has combined large-sample analyses with interviews with practitioners.

I have highlighted five conclusions.  First, the increased protection offered financial product and process are consistent with the overall increase in patent protection in the United States.  So too are the increasing worries about the quality of issued finance patents.  Second, the strengthening of patent protection has led to a variety of strategic interactions, many of them worrisome.  There seems little reason to believe that the financial services industry will be unaffected.  Third, the number of issued finance patents has been growing rapidly, with the bulk of the awards going to U.S. financial institutions.  The distribution is very uneven, with a small number of institutions accounting for a disproportionate share of the awards.  These tend to be institutions with strong ties to academia.  Fourth, while financial institutions have historically differed in the extent to which they pursued patent protection, in recent years many more major institutions appear to be paying attention to these issues.   More speculatively, I argue that the creation of large patent portfolios will only reinforce the market power of established financial institutions with broad distribution networks.
I should be acknowledged that these conclusions must be tentative, as the legitimization of financial patents by the CAFC is a quite recent event.  Much of the consequences of this shift will only become clear with time.  But whatever the precise shape of future developments, it does appear clear that financial patents will have a considerable influence on financial institutions in the years to come.   
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Figure 1.  The number of U.S. financial patent awards, by year.  
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Figure 2.  The estimated number of financial patent applications, by year.  All estimates are based on U.S. Patent and Trademark Office statistics.  The dotted line assumes that financial patents’ share of business method patent applications remained constant (at their average share of business method patent awards between 1996 and 1999); the solid line that the financial patents’ share followed the trend seen in patent awards between 1996 and 1999.
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Table 1. The Distribution of Entities Assigned Financial Patents.  The sample consists of 605 patents awarded by the U.S. Patent and Trademark Office between January 1971 and December 2000 classified in one of five U.S. patent subclasses (705/35, 705/36, 705/37, 705/38, and part of 705/4).  Panel A presents the most frequent assignees of these patents and the number of awards each received.  Companies that had merged as of 2000 are combined in the table.  Panel B presents summary information on the types of entities assigned the patent awards in the sample.   The sample is compared to the distribution of all patent awards in 1998.

	Panel A: Largest Patentees in the Sample

	Entity
	Number of Patent Awards

	Citigroup
	21

	Merrill Lynch & Co.
	18

	Walker Asset Management
	13

	Hitachi
	11

	International Business Machines
	11

	Fujitsu
	10

	Reuters
	10

	NCR Corporation
	9

	First Data Corp.
	7

	Optimark Technologies
	7

	AT&T Corp.
	6

	Xerox Corporation
	5

	Casio Computer
	4

	General Electric
	4

	Financial Engines
	4

	Sun Microsystems
	4

	Visa International
	4

	Panel B: Summary Information on Assignees of Finance and All Patents

	
	Finance Patent Awards
	
	All Awardsb

	Entity
	Number
	Percent
	
	

	Corporations
	439
	73%
	
	***80%

	   Domestic
	363
	60%
	
	***42%

	   Foreign
	76
	13%
	
	***38%

	Individuals and Family Trusts
	158
	26%
	
	***17%

	Universities and Affiliatesa
	5
	1%
	
	*2%

	Government Bodies
	3
	0%
	
	1%


aFor the sake of comparability, the finance patent total does not include the modest number of patents applied for by university faculty that were assigned to corporations or assigned to the individual inventors.

bCompiled from U.S. Department of Commerce [1999a] and databases posted at http://www.autm.net and http://caspar.nsf.gov/webcaspar.

* = Significantly different from financial patents in a (2-tests at the 10% confidence level; ** = significantly different at the 5% level; *** = significantly different at the 1% level.

Table 2.  “Financial Patent Production Functions” for Investment Banks.  The sample consists of observations of the union of the twenty-five leading investment banks in global debt and equity underwriting during three six-year time intervals (1980-1985, 1986-1991, and 1992-1997).  (Observations of banks that merged through March 2000 are combined.)  The dependent variable in the first four regressions consists of the number of patents applied for in the time period, awarded by the U.S. Patent and Trademark Office through February 2000, classified in one of five U.S. patent subclasses (705/35, 705/36, 705/37, 705/38, and part of 705/4), and assigned to that entity.  The dependent variable is the same in the next three regressions, except that each patent is weighted by the normalized total number of citations.  The independent variables are the institution’s volume of debt and equity underwriting (expressed in billions of 1999 dollars), the bank’s “Carter-Manaster” reputation rating (expressed on a scale of 9.0 to 0.0, with 9.0 being the most prestigious), a ranking of the institution’s connection to the academic community (expressed as one hundred times its percentage share of the investment bank board seats at two academic-practitioner journals), dummies for each bank (in the within regression specifications only and not reported), and (in all but the between specification) dummies for the first two time periods.  The final two regressions are from the second-stage of a two-stage approach, in which either unweighted or weighted patent applications are the dependent variable in the first phase, and the fixed effects for each bank are the dependent variable in the second regression (see text).  The first regression employs a Poisson specification; the others employ an ordinary least squares specification.  Absolute heteroskedastistic-consistent t-statistics in brackets (except in the between specifications, where absolute t-statistics are reported). 

	
	Dependent Variable: Patent Applications
	
	Dependent Variable: Weighted Applications
	
	Dependent Variable: Fixed Bank 

	
	Poisson and
	OLS Specification
	
	OLS Specification
	
	Effect from First-Stage Regression

	
	Pooled
	Pooled
	Within
	Between
	
	Pooled
	Within
	Between
	
	Applications
	Weighted

	Equity underwriting volume
	0.005 [0.36]
	-0.004 [0.17]
	0.01 [0.32]
	-0.02 [1.12]
	
	0.01 [0.11]
	-0.01 [0.26]
	-0.02 [0.37]
	
	
	

	Debt underwriting volume
	*0.004 [1.74]
	0.004 [1.25]
	0.003 [0.52]
	**0.005 [2.12]
	
	0.005 [0.72]
	0.001 [0.05]
	*0.01 [1.94]
	
	
	

	Reputation ranking
	0.33 [0.63]
	*-0.07 [1.76]
	0.04 [0.61]
	-0.07 [1.03]
	
	-0.05 [0.35]
	0.06 [0.44]
	-0.27 [1.26]
	
	-0.09 [1.19]
	-0.26 [1.68]

	Academic connection measure
	*0.07 [1.80]
	***0.07 [4.49]
	0.03 [0.34]
	***0.10 [3.47]
	
	***0.15 [3.90]
	-0.07 [0.44]
	*0.14 [1.73]
	
	***0.09 [2.89]
	**0.13 [2.32]

	Is observation from 1980-85?
	1.23 [0.83]
	0.32 [1.04]
	0.52 [1.40]
	
	
	0.82 [0.91]
	-0.32 [0.22]
	
	
	
	

	Is observation from 1986-91?
	-0.17 [0.20]
	-0.06 [0.34]
	-0.02 [0.06]
	
	
	0.07 [0.13]
	-0.80 [0.59]
	
	
	
	

	Log likelihood
	-47.24
	
	
	
	
	
	
	
	
	
	

	(2-statstic
	100.82
	
	
	
	
	
	
	
	
	
	

	F-statistic
	
	9.27
	5.87
	11.51
	
	7.56
	200.57
	7.37
	
	2.76
	3.68

	p-Value
	0.000
	0.000
	0.000
	0.000
	
	0.000
	0.000
	0.000
	
	0.041
	0.012

	R2
	
	0.39
	0.69
	0.49
	
	0.22
	0.69
	0.43
	
	0.22
	0.45

	Number of observations
	95
	95
	95
	44
	
	95
	95
	44
	
	44
	44


* = Significant at the 10% confidence level; ** = significant at the 5% level; *** = significant at the 1% level.
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�While the treatment will not be able do justice to the complex issues involved, the interested reader will be directed to a variety of more detailed readings.  Two recent review articles—Gallini [2002] and Jaffe [2000]—are good starting places: 





�This section is based on Jaffe and Lerner [2004].  It should also be noted that there were important changes around this time in policies concerning the commercialization of patented academic research and in the harmonization of the global patent system, neither of which will be discussed here.





�These statistics are gleaned from Koenig [1980] and Harmon [1991]. 


�See the examples discussed in Merges [1999].  


�Compiled from Administrative Office of the United States Courts [various years] and U.S. Department of Commerce, Patent and Trademark Office [2001].





�These estimates are based on Lerner [1995].





�This estimate is based on a review of Texas Instruments 10-K filings.





�Some exceptions, which take an explicitly cross-industry perspective, exist as well.  Examples include Cohen, Nelson and Walsh [2000] and Kortum and Lerner [2000].  Another alternative approach, as discussed below, has been to look at specific policy shifts.





�35 U.S.C. 101. 


�The crucial decision in establishing such an exception was Hotel Security Checking Co. v. Lorraine Co., 160 F. 467 (2d Cir. 1908), which concerned a restaurant bookkeeping system. 





�149 F.3d 1368 (Fed. Cir. 1998).


�State Street, 149 F.3d at 1375. 





�The remainder of this section, as well as the first part of the next section, is based on Lerner [2002], though much of data employed in the large-sample analyses have been updated. 





�In correspondence with the author, Daughtery stated that he had disclosed additional academic works to the USPTO, but these were not cited in the final patent because the patent examiner classified them as “reviewed, but not found to be applicable.”





�One of the requirements for patentability in Section 103 of the Patent Act is “non-obviousness.”  As the Act states, “at the time the invention was made[,] a person having ordinary skill in the art to which such subject matter pertains” (which has been defined by the courts as someone who has understands the prior knowledge in the field fully, but thinks along conventional lines) should not consider the “the differences between the subject matter sought to be patented and the prior art” to be obvious.





�Patents awarded before 1971 were not available in electronic form.  Because financial patents were not given a distinct subclass until much later, it was very exceedingly difficult to identify the earlier awards.  These databases did not contain information on U.S. patent applications that have not yet issued, since all filings before November 2000 were held confidential in the United States until they were awarded.  A spreadsheet summarizing these patents, along with additional descriptive material about business method patents, is available at � HYPERLINK http://www.people.hbs.edu/jlerner/publications.html ��http://www.people.hbs.edu/jlerner/publications.html�.





�Typically, only data on applications across all industries are released.  The USPTO’s Office of Public Affairs compiled these data in response to the intense public interest in business methods patents.  The totals included all patents assigned to Class 705. 





�In order to project the share of applications that were finance-related in the 1998 and 1999 fiscal years, I assumed that the percentage would follow a linear trend.  Given the small number of observations, the projection was very noisy.





�In addition, ten patents were applied for by university faculty members and assigned not to their academic institutions, but rather to the companies with which they were affiliated or to the faculty as individuals.  Universities typically require faculty members to file a disclosure on each commercially relevant discovery that they make in the course of their teaching and research.  (In some cases, this requirement is restricted to certain technological areas or to inventions that were developed as a part of the faculty member’s employment.)  Since the passage of the Bayh-Dole Act of 1980, universities have had the unambiguous right to then decide whether to patent these discoveries or not.  If the research was federally funded and the university chooses not to file a patent, the government agency that funded the research must then be offered the right to patent it.  If this offer is declined, or if the research was not federally funded, the ownership of the invention is then typically offered to the faculty member.  (More complex arrangements often characterize industry-funded research.)





�The predicted citations were only calculated through 1996.  In order to estimate the expected number of citations in more recent years, I examined citations of similarly “seasoned” patents.  I computed the mean number of citations that previous cohorts of similar patents received in the same year after the award.





�A few banks—typically foreign ones—were not included in either ranking scheme.  In these cases, I used the mid-point of the rating scheme (4.5) as the ranking.





�This calculation was based on the composition of these boards as reported in the first issue of each year.  I used as my independent variable each bank’s board seats as a percentage of the total number of investment bank board seats (multiplied by 100).  A bank with a board seat in two of the six years was given twice the weight as one with a seat in only one year.  I counted an instance where an institution was a sponsor of a journal, but did not have a board representative, as equivalent to having one-half of a board seat.





�This methodology is discussed in Mundlak [1978].  The coefficients for the time-varying regressors in the second-stage regression indicate the partial correlation between the bank mean for these variables and the unobserved fixed effect. Since this does not have a structural interpretation, I do not report these coefficients.
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