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Abstract

Artificial intelligence-related inventions raise complex questions of how to define the boundaries
around patentable subject matter. In the United States, many claim that the recent doctrinal
developments by the Supreme Court have led to incoherences and excessive uncertainty within
the innovation community. In response, policymakers and stakeholders have suggested legislative
amendments to address these concerns. We first review these developments, and subsequently use
the patent examination record to empirically test the claims of increased uncertainty. We find that,
although uncertainty did spike following the Supreme Court’s holding in Alice, it quickly returned to
levels comparable to its historic norm. This has implications both for those advocating for legislative
changes to the law of eligible subject matter, as well as other jurisdictions considering adopting a
test similar to that applied in Alice.

1. Introduction

As the economic and strategic importance of artificial intelligence (AI) has increased in recent
years, so too has pressure on policymakers to develop policies that support and facilitate further
development of the technology. Policy debate in patent law often focuses on striking a balance be-
tween providing su�cient incentive for investors and innovators, without unduly slowing innovation
by blockading knowledge behind privately-owned patents. This challenge holds true across patent
law, but is particularly challenging in fields like AI due to the comparatively abstract nature of
the inventions in question. The patentability standards that have evolved in response to the rapid
growth in patent applications claiming AI-related inventions have led to perceptions of uncertainty
about patentability, and claims that recent responses by courts and policymakers have increased
that uncertainty—often to the detriment of future innovation in AI.

Patent legislation and related common law have long recognized a number of exceptions to
patentability. For instance, laws of nature, natural phenomena, mathematical formulae, and abstract
ideas are unpatentable in most jurisdictions. The precise boundaries of these exceptions, however,
are subject to heated debate and in some jurisdictions, changing policy. In the United States, the
Supreme Court has restricted the scope of patentable subject matter via a handful of high-profile
decisions. These developments have inspired a recent legislative attempt to rewrite Section 101
of the Patent Act, which delineates the scope of patentable subject matter. To motivated these
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proposed revisions, Senator Coons, who co-introduced the proposed legislation declared that ‘U.S.
patent law discourages innovation in some of the most critical areas of technology, including artificial
intelligence, medical diagnostics, and personalized medicine’1. In a set of hearings before the Senate
Judiciary Subcommittee on Intellectual Property in June, current patent-eligibility standards were
described as “truly [..] a mess”2 and “unnecessarily ambiguous and uncertain”3. For software and
computer-implemented inventions, the blame for undue uncertainty often goes to the Supreme Court
decision Alice Corp. v. CLS Bank International (Alice)4 and its interpretation by the Patent O�ce
and the Federal Circuit, the appeals court charged with hearing patent disputes. Below, we present
the framework developed by the Supreme Court to assess whether a patent claim is an abstract idea,
and therefore unpatentable, for inventions in the field of AI. We then challenge the common wisdom
that uncertainty has unduly increased in recent years due to Alice.

2. Abstract Ideas in Artificial Intelligence

Patentable subject matter has been defined broadly as including ”anything under the sun that
is made by man”5. The abstract idea doctrine is the most significant exemption to this rule, with
the aim of channeling patent protection away from unnecessary upstream patents6. As the Supreme
Court stated in Brenner v. Manson (1966), patenting an abstract idea would grant the patent holder
a ‘vast, unknown, and perhaps unknowable area’ and the power to block o↵ whole areas of scientific
development7. For AI especially, where there are fears that fundamentals techniques may become
enclosed by private patent rights, distinguishing abstract ideas from implementations is key. The
patenting of dropout methods by Google, of approaches to design memory networks by Facebook,
or active machine learning methods by Microsoft, all illustrate how firms seek to monopolize basic
concepts of AI technology, reinforcing the need for objective standards for patent-eligibility8.

Alice Corporation was the assignee of four patents disclosing a scheme for intermediated financial
risk settlement. The claims represented variants of a method for exchanging financial obligations, a
computer system configured to carry out the method for exchanging obligations, and a computer-
readable medium containing program code for performing the method of exchanging obligations.
The District Court for the District of Columbia and the Court of Appeals held that all of the claims
were directed to an abstract idea and therefore ineligible for patent protection. In a heavily political
litigation with over 50 amicus briefs filed for either side9, the Supreme Court was asked to set the
boundaries for patentable subject matter for computer-implemented inventions under Section 101.

In Alice, the Supreme Court established a two-part test to determine patent-eligibility of software
patents, building on its jurisprudence in Mayo v. Prometheus (2012)10. Under the test, a court must
first establish whether the patent claims are directed to a patent-ineligible concept such as a law
of nature, a natural phenomena, or an abstract idea. Many AI patent claims must overcome the
obstacle of being drawn to an abstract idea, that is to an ”idea ”of itself””11. The basic concept
of organizing information through mathematical correlations has been found to be an abstract idea
by the courts12. Similarly, key machine learning and AI techniques such as the steps of producing
new labeled observations, evaluating an observation, comparing scores, identifying a feature, and
updating a model have been deemed abstract, since they are examples of organizing information13.

When the claims at issue are directed to an abstract idea, the second step of the test requires
a court to search for an “inventive concept”, i.e. to examine whether the elements of the claim
include additional limitations amounting to “significantly more” than the exception. In Alice, the
Supreme Court found that the claims amounted to nothing more than an instruction to apply the
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abstract idea of intermediated settlement using some unspecified, generic computer. A number
of characteristics of “significantly more” were spelled out by the Supreme Court and have been
developed in subsequent Federal Circuit case law. For instance, patent claims can purport to improve
the functioning of the computer itself14. In this case, the claims must improve the way a computer
functions as a tool; recitations of specific data structures, rules, combinations of steps or hardware
configurations improving the functioning of a computer therefore cover eligible subject-matter15.
Further, claims which e↵ect an improvement in any technology or technical field may be patentable
as well. This would be the case for claims directed towards improvements in machine vision in
labeling the contents of images if they are directed to improvements in the technological process,
rather than simply in determining an algorithm or classifier16. Alternatively, the inventor can show
that a claim is a particular technical solution to a technical problem17. The patent o�ce nonetheless
finds that retraining or updating a machine learning model is merely an improved algorithm and
that the updating process is abstract – data manipulated to create other data and thus insu�ciently
technical18. Finally, the inventor can demonstrate that the claimed improvement describe and solve
a problem necessarily rooted in computer technology19. The Patent Trial and Appeal Board found
this to be true for claims addressing the problem of monitoring the operations of machines and to
predict maintenance needs and equipment failures using several artificial intelligence classification
technologies20.

Years after Alice, the definition of what constitutes an abstract idea for AI inventions remains
unclear. According to some, uncertainty has now increased and upsets AI development; inventors
being better o↵ seeking patent protection in China and Europe21. At the recent Congressional
hearings, Nokia contended that its Section 101 rejection rate for AI-related inventions increased by
about 50% after Alice, while another estimate claims AI patent rejections increased overall nearly
four times since the decision22. While the Alice two-part test has been applied by courts and the
patent o�ce, commentators find that its application is incoherent and inconsistent23. Critics point
out that the uncertainty in administrative and judicial outcome defeats the economic incentive
purpose of patent law: AI patents risk being challenged in opportunistic litigation24, businesses
cannot e�ciently allocate research and development resources25 nor di↵use associated technologies
via patent licensing26 . Proponents, however, argue that Alice does not necessarily harm innovation.
The software industry was innovative in the decades prior to the expansion of patentable subject
matter in the 1990s, when the viability of these patents was unclear and may well continue to be so
regardless of how the law evolves27.

3

Electronic copy available at: https://ssrn.com/abstract=4099290



3. Patenting under Uncertainty

To assess whether claims about AI patenting uncertainty are supported by the empirical record,
we identify AI-related patents by relying on the classification developed by the United States Patent
and Trademark O�ce (USPTO), which classifies AI patents in its USPC class 706 titled ‘Data
Processing – Artificial Intelligence’. This generic class includes inventions for artificial intelligence
type computers and digital data processing systems and corresponding data processing methods and
products for emulation of intelligence. We extract data from the USPTO O�ce Action Research
Dataset for Patents, a curated dataset on actions by patent examiners, and from the Patent Exami-
nation Data System (PEDS) and the data it makes available on all published US patent applications.
Our search identified 20,866 AI patent applications (filed 1985 to 2019), and detailed rejection data
for 5,806 of them (filed 2008 to 2016). The patent examination process may be simplified as follows.
When an application is filed, it is assigned to an examiner. The patent examiner conducts a prior art
search identifying relevant prior art that supports a decision of either claim allowance or non-final
rejection. In the instance of a rejection, the applicant may enter in one or more rounds of amend-
ments and negotiations. Even after receiving a final rejection, applicants may still submit amended
applications or lodge an appeal to the Board of Patent Appeals and Interferences. Examples of
recently granted patents in the area of AI range from methods to train neural networks, learning
with deep methods, classification of data objects, and intelligent medical image detection28.

To assess the direct and immediate impact of Alice, a decision rendered in June 2014, we study
the likelihood of AI patent applications to be granted over time. Because Alice focused on patent
subject matter eligibility, we distinguish between the applications in which patent examiners raised
a non-final Section 101 rejection – with an examiner refusing to allow claims based on subject
matter – and those for which no such rejection occurred. Figure 1a shows that in both scenarios,
the grant rate dramatically dropped for patent applications filed in 2014. Strikingly, only 40% of
the AI patent applications for which a non-final Section 101 rejection was raised ended up granted,
compared to about 80% in other years. This trend holds true across subfields – such as machine
learning and neural networks patents (see Figure A2a to A2d in the Appendix). The decreased
grant rate following the Alice decision perhaps contributed to the perceived uncertainty about the
patent-eligibility of AI inventions that current proposed reforms seek to mitigate.

However, it appears that for patent applications filed after the decision, the grant rate quickly
returns to levels similar to those seen before Alice. In the same vein, the likelihood applicants would
receive a Section 101 rejection did not vary significantly over time (Figure 1b). We conduct a range
of additional tests regarding a potential substitution towards Section 102 rejections (novelty) and
Section 103 rejections (inventive step) and a comparison to another technological class, which all
tend to support the finding that Alice’s impact on the certainty of a patent grant was relatively
short-lived (Figure A3, A4, A7, and A8 in the Appendix). These findings are in line with a new
study by the USPTO according to which Alice increased subject-matter eligibility rejections in the
short-term29.
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Figure 1: Patenting AI
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(b) Rejections over Time.

Figure 1a depicts the average grant rate for AI patent applications, di↵erentiating them based on whether or not they received
a non-final Section 101 rejection; Figure 1b depicts the prevalence of a non-final and final Section 101 rejection for AI patent
applications over time (n=5,806). Pending applications were excluded.

The likelihood that an application receives a Section 101 rejection or is granted provides some
insight into the uncertainty that patent applicants may be faced with. However, the application
process is lengthy, with multiple stages at which an applicant’s claimed intellectual property can be
curtailed, altered, or granted. To further explore the degree of patenting uncertainty, and the extent
to which it may have changed over time, we construct an uncertainty index. This index is based on
a number of potential outcomes for applicants during prosecution: receiving a non-final rejection,
receiving a final rejection, abandoning the application and having claims allowed. The index is built
by averaging the standardized outcome variables, with a score normalized to [0,1] (details in the
Appendix). Figure 2 shows that, when simultaneously assessing these various outcomes that each
reflect a degree of uncertainty in the application process, uncertainty indeed increased after Alice
in 2014. Yet, those uncertainty levels remained lower than in the early 2000s, and, additionally,
decreased in 2016.
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Figure 2: Uncertainty in Patenting AI
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Figure 2 represents the normalized score of uncertainty in patenting in AI as a result of averaging the yearly likelihood of patent
applicants to receive a non-final rejection, to receive a final-rejection, to abandon the application, and to have claims not allowed
(n= 12,831). Pending applications were excluded.

Although this empirical approach provides insight into the uncertainty facing patent applicants,
it does have a number of limitations. Applicants might well be drafting di↵erent type of patent ap-
plications, for instance by including narrower claims, or they may attempt to counter the uncertainty
by putting more time and resources into the grant procedure30. Studies by Chien et al. (2020)31

and Kesan and Wang (2020)32 find that software patent holder adjusted their application strategies
by filing amended patent claims and fewer patent applications post-Alice. These alternate avenues
through which uncertainty might manifest deserve further research. Our data is also limited in time;
the impact of new examiner guidelines and court decisions cannot be examined. In its investiga-
tion of Alice, the USPTO found that since the issuance of the USPTO’s memorandum ”Change in
Examination Procedure Pertaining to Subject Matter Eligibility, Recent Subject Matter Eligibility
Decision” in April 2018 and the subsequent Revised Patent Subject Matter Eligibility Guidance in
January 2019, uncertainty in Alice-a↵ected technologies has declined33.

4. Conclusion

The empirical assessment of AI patent prosecution suggests Alice’s impact on uncertainty has
perhaps been exaggerated in the current policy discourse. Patent applicants appear able to inter-
nalize new legal standards rapidly, even in the face of a highly debated and politically charged court
decision. The levels of uncertainty, may in fact be linked to the inherent di�culty in delineating ab-
stract AI claims from technical implementations, or simply to di�culties in patenting new, emerging
technologies. The cost of the existing uncertainty is notable; patent applicants must invest resources
to overcome the mismatch of their perception of patent-eligibility and that of patent examiners. As
a result, smaller firms and start-ups might well be the most severely a↵ected.
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The temporary uncertainty that followed Alice highlights the implications of relying on courts
to deal with complex patent policy issues. This approach may harm applicants when standards
change abruptly as a result of court decisions. Firms with pending AI patent applications in the
US in 2014 exemplify this – only a fraction of their patents ended up being granted. With countries
worldwide discussing the introduction and merits of an Alice test, this study suggests that those
jurisdictions considering changes to their patent eligibility policy should do so carefully, so as to
minimize harm to inventors and firms. The current proposed legislative changes to Section 101 in
the US represent an alternate path to patent policy development. Whereas Alice injected relatively
sudden—and apparently temporary—uncertainty into the patent system, legislative changes by their
nature provide greater notice to participants in the patenting process and are likely to result in lower
degrees of uncertainty shock.
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