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40. Functional Patent Classification

Andrea Bonaccorsi, Gualtiero Fantoni, Riccardo Apreda, Donata Gabelloni

Patent classifications are systematically used in
patent analysis for a number of purposes. Existing
classifications not only shape the administrative
activities of recording and reporting and the search
for prior art, but also create the backbone of the
construction of science and technology indicators
used in economic analysis, policy making, and
business and competitive intelligence.

Yet the current classification system of patents,
despite significant and continuous efforts to up-
date, suffers from a number of limitations. In
particular, it fails to capture the full potential of in-
ventions to cut across industrial boundaries, does
not allow fine-grained technology intelligence,
and misses almost entirely the opportunities for
lateral vision.

We suggest integrating existing schemes with
a full scale functional classification, i. e., based
on the main functions performed by a technol-
ogy, rather than on the inventive solutions or
their potential applications. The functional ap-
proach allows us to overcome most of the limits
of traditional classification, due to the generality
and abstraction of the representation of functions.
In this chapter, we will first review the concep-
tual background of the functional approach in
epistemology and analytical philosophy and il-
lustrate its recent developments in engineering
design, design theory, artificial intelligence, com-
putational linguistics, and data mining. We then
discuss three short case studies of the application
of themethodology for the definition of patent sets
(in particular within a technology foresight exer-
cise), prior art analysis, and technology crossover
identification and mapping.
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40.1 Patent Classifications

Patents are routinely classified into classes by patent
offices. The classification process follows international
standards, which were established back in history and
are regularly updated in order to follow the techno-
logical evolution. Classifications are, then, routinely
adopted for a large variety of practical and analytical
purposes, ranging from prior art search to econometric
modeling.

Patent classifications follow a mix of functional
and industrial criteria. By functional we mean a clas-
sification that is based on the engineering principles
underlying the technical invention.

In the engineering literature, a function is defined as
follows [40.1, p. 72]:

The function is a property of the technical system,
and describes its ability to fulfill a purpose, namely
to convert an input measure into a required output
under precisely given condition.

A function is a transformation that takes place in the
physical space. From a representational point of view,
it can be described by a verbal expression (functional
verb), usually associated to an object and a modal ex-
pression.

This notion is, needless to say, crucial for the
working of the entire building of the patent system.
Functional descriptions deal with the novelty and utility
requisites of patents. The notion of utility requires that
the invention deliver something of value for a user, at
least potentially. For the utility to be delivered, what is
needed is precisely that a function (perhaps a complex
one) is implemented. The notion of novelty requires that
this function has never been implemented the way it
is implemented in the patent application. More rarely,
the function itself is an invention, in the sense that it
was not conceptualized before the invention. Industrial
criteria, on the contrary, refer to potential users of in-
ventions. They deal mainly with the industrial requisite
of patents.

The functional language is crucial in the defini-
tion of invention, as well as in the doctrine of func-
tional equivalence, stating that solutions that realize
the same function should be considered protected by
the same patent. Furthermore, it can be shown that
some of the most relevant changes in legislation and
practice in the last decades, namely the patentabil-
ity of software and of biotechnological inventions,
have been promulgated on the basis of scientific the-
ories about the alleged functional impact of patentabil-
ity [40.2].

Notwithstanding the foundational role of the con-
cept, legal and economic doctrines and practices rely
on a relatively informal definition of functions. The
International Patent Classification (IPC) and the Coop-
erative Patent Classification (CPC), for example, use
a relatively loose definition of functions, and use it in
a non-systematic and complete way. Furthermore, there
has not been any systematic connection with the dis-
ciplines in which a great deal of work has been done
to define and formalize functions, such as theories of
engineering design, theories of systematic invention, or
functional analysis.

In this chapter, we argue that the current classifi-
cation system of patents, despite a significant effort to
update, is not able to follow the acceleration of tech-
nological developments. New pervasive and transversal
technologies, broadly defined as digital technologies,
have almost destroyed industrial boundaries and opened
new forms of lateral and transversal competition. New
products and services are developed by combining ex-
isting technologies in novel ways. Very often inventions
that were initially conceived for an industry find ap-
plications in entirely new domains. To mention just
a couple of examples, blockchain solutions, which were
initially conceived for the financial industry, now find
applications in agriculture, in order to certify the space
and time of an inspection of a protected label. Or
Second Life, which was intended as an entertainment
software platform, is currently largely used as a thera-
peutic tool.

Under this kind of technological dynamics, existing
classifications are almost inevitably in delay. In partic-
ular, mixed functional-industrial classifications fail to
capture the full potential of inventions to cut across in-
dustrial boundaries. Consequently, using existing patent
classes does not allow a fine-grained technology intel-
ligence and misses almost entirely the opportunities for
lateral vision.

We suggest integrating the existing classifications
with a full scale functional classification, based on func-
tional hierarchies and supported for specific tasks by the
construction of a large functional dictionary.

The chapter is structured as follows. First, we offer
a short overview of the notion of function in a variety
of disciplines and comment on recent advancements in
computational linguistics that have made it possible to
develop large scale dictionaries and classifications. In
Sect. 40.3, we discuss in detail the limitations of exist-
ing patent classifications. In Sect. 40.4, we offer three
short case studies of the application of the methodol-
ogy. The final section concludes this chapter.
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40.2 A Brief History of Functional Analysis

The main elements that characterize functions are as
follows:

1. Functions are abstract representations–theymust be
independent on specific technical solutions. This is
called solution neutrality.

2. Functions are normative–they describe a purpose,
or a goal, or a raison d’être of an object, and in this
way they describe the conditions under which the
object may come into existence, and, correspond-
ingly, the conditions under which the object may not
work properly, or its dysfunction.

3. Functions are hierarchical–they can be decomposed
in an iterative way, moving up to functions of higher
abstraction or down to functions of lower abstrac-
tion, or higher instantiation. However, there might
be multiple hierarchies or different ways to decom-
pose a higher level function.

4. Functions involve a transformation in the physical
space–they can then be made consistent with phys-
ical descriptions.

Due to the novelty of the methodology, it is useful
to review briefly the origins of the main concepts and
definitions. The notion of function is an established one
in engineering and architecture disciplines and has at-
tracted the attention of philosophers, but it has not yet
gained universal recognition due to a number of theo-
retical and practical issues, which we must illustrate in
detail.

In the following, we call the attention of the com-
munity working on Science and Technology (S&T)
indicators to the deeper intellectual roots of some of the
concepts that we utilize.

40.2.1 Philosophical Foundations
of Functional Thinking

According to Aristotle, the general notion of cause, as
conceptualized for physical entities, was not sufficient to
explain the relation between some forms of action and
theworld. In hisPhysics, Aristotle introduced the notion
of telos, or goal, as the basis for a separate form of expla-
nation, called teleological explanation [40.3, p. 8]:

Teleological explanation in Aristotle pertains
broadly to goal-directed actions or behavior. Aris-
totle invokes teleology when an event or action
pertains to goals: ‘that for the sake of which’.

The explanation was found by positing a separate no-
tion of cause, called final cause. Final causality worked

backward: the existence of a final goal required by
necessity the working of individual elements in such
a way that their coordination could ensure the working
of the whole organism. Interestingly, Aristotle used the
notion of telos to cover two distinct kinds of final tele-
ology: agency-centered teleology (involving behavior
and artifacts, or technology) and teleology pertaining
to natural organisms [40.3]. While the distinction be-
tween the two classes is one of consciousness (agents
are aware of the goal of their behavior, natural organ-
isms are not), the notion of functions can be applied
to both fields. According to Aristotle, consequently, the
actions aimed at constructing artifacts have value only
as manifestations of human goals, that is, they have no
internal necessity [40.4].

This notion was rejected after the modern Scien-
tific Revolution. Galileo already asked to reason only
in terms of physical causes, leaving the overall why to
things outside the scientific domain. Notably Darwin,
in his rejection of Lamarck’s explanation of the adapta-
tion of life, called for a scientific reasoning that moved
only from causes to effects and never backward [40.5,
6]. Adaptation comes from random variations that are
selected only by virtue of their fitness to the environ-
ment and not by virtue of some finalization to superior
forms. Variation is random, selection is blind. This is
function without purpose [40.7, 8].

These arguments were formalized in the twentieth
century in two separate traditions. On the one hand, the
neo-Darwinian synthesis, introduced by authors such as
S. Wright, R.A. Fisher, and J. Maynard Smith, provided
the mathematical framework to examine the way in
which random genotypic variations could generate new
forms or new phenotypes [40.6, 9–11]. On the other
hand, the neopositivist philosophy of science rejected
the teleological arguments, proposing that arguments
outside the physical causality notion, introducing tele-
ology, should not be considered valid [40.12, 13].

Overall, there was a general consensus until the end
of the twentieth century on the idea that the notion of
function, having inevitably a normative content, should
not be admitted in scientific reasoning at all.

This agreement encountered some trouble at the
end of the twentieth century, although the streams of
thinkers that have criticized the dominant view are still
somewhat peripheral. In Kuhnian terms, they point to
anomalies in the dominant view, but they still have not
gained central ground. Nevertheless, the convergence of
critical arguments from a variety of theoretical starting
points is an indication of deeper problems.

First, within the philosophy of biology, the notion of
pure randomness of variations has been criticized. Start-
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ing from the famous metaphor of the spandrels of San
Marco in Venice [40.14], Gould argued vigorously that
variation is not random, but has an internal structure,
most likely hierarchical, that makes the probabilities
to change in different directions in the space of ge-
netic possibilities highly constrained [40.15–17]. This
argument, initially minoritary in evolutionary biology,
found support in the recent advancements of epigenet-
ics and systems biology.

Second, the notion of organism has gained promi-
nence in a recent revival of the philosophy of Hegel.
The German philosopher tried to conceptualize the ex-
istence of complex living entities by positing a new type
of causality, called dialectics, as a mutual determination
of constraints at different hierarchical levels of reality.
Here, the main question is not whether causality can
work backward in time (as in teleology) but can work
downward, or from a higher-level structure or organism,
down to more elementary units. The extent to which di-
alectics could be used in the philosophy of science is
open to debate, but it is clearly on the table. It seems to
be a way to give autonomous philosophical foundations
to the notion of organization, which is also central in
the analysis of complex systems.

Finally, in the last two decades, a number of con-
tributions in analytical philosophy have reintroduced
and rejuvenated the notion of function, in a way fully
compatible with the procedures of scientific reason-
ing. In this tradition, starting from the earlier studies
ofWright [40.18] and Cummins [40.19], biological and
technological systems are considered an instantiation
of a more general class of entities in which the inter-
nal working satisfies some general conditions, drawn
from the scientific knowledge of the world, for sur-
vival or self-reproduction [40.20–24]. Functions may
be described in causal terms, according to this analytic
tradition, although with some qualifications [40.25,
26].

Summing up, and to make a long story short (for
a longer story see [40.27]), we now witness an in-
tellectual landscape in foundational disciplines that is
favourable to the development of a general framework,
which gives prominence to the notion of functions. This
intellectual climate fits nicely with recent developments
in the applied disciplines, such as engineering or design,
to which we now turn.

The following is not a complete review of existing
approaches to functional analysis, which would require
a long exposition. There are several traditions, mainly
developed in USA, Germany, Russia, and Japan, with
a large number of contributions. Rather, we try to iden-
tify those contributions that are more relevant for our
issue: how to use functional analysis in the field of
patent classification and patent search.

40.2.2 The German School
of Systematic Engineering Design

While the notion of function is intuitive, the challenge
is how to represent it in such a way to be able to manip-
ulate and use the concept in practical terms. This is the
object of functional analysis, a stream of scholarship in
engineering design whose goal is to develop theoretical
frameworks and tools to represent technical problems
in an abstract way.

This challenge was taken up systematically by
a number of authors, mainly in mechanical engi-
neering, who wrote in German and were active in
German-speaking countries. Their books have subse-
quently been translated into English. Examples of this
approach are Hubka and Eder’s Theory of Technical
Systems [40.1] and Pahl and Beitz’s Engineering De-
sign. A Systematic Approach [40.28, first edition 1977].

These fundamental books should be interpreted in
the light of the professional tradition of German engi-
neers and of their academic training (for a reconstruc-
tion of this tradition see [40.29]). German engineers
are trained to design new technical solutions by mov-
ing from first principles in a highly structured way. The
specific rules of reasoning are written down in a formal
way and generate lists of suggestions. In some sense,
the discipline is one of the systematic examination of
many solutions, following a formal list of methods to
guide the reasoning process (see also [40.30]).

It is within this tradition that one should understand
functional analysis, as a systematic effort to describe
and standardize the abstract requirements of design
tasks. A development that took place independently
but with a similar abstraction goal (and a rather sim-
ilar time trajectory), should also be mentioned here,
i. e., the theory of inventive principles, or TRIZ (the
Russian acronym for the theory of inventive problem
solving [40.31]). While this is not the object of this
chapter, the TRIZ literature pushed forward the notion
that there is a compact collection of general inventive
principles to be applied to engineering problems, whose
functional meaning can be made explicit. Indeed, even
if treated from a different point of view, functional
thinking has a significant role in TRIZ theory.

40.2.3 Artificial Intelligence and Design:
From Herbert Simon
to the Carnegie Mellon Project

From an entirely different intellectual tradition, a num-
ber of scholars of artificial intelligence started to ask
whether the design task could be formalized and au-
tomatized. This was in clear continuity of the ambitious
tradition of cognitive science that started from the au-
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tomation of well-structured problems, such as chess
playing, and moved to ill-structured problems, such as
scientific discovery or design [40.32–35]. At Carnegie
Mellon, this project was pursued systematically for
many years [40.36–40].

The emphasis here was more on the cognitive pro-
cedures utilized to move in the design space, called
heuristics, than on the initial requirements of de-
sign tasks. Nevertheless, the formal definition of re-
quirements in terms of functions was a necessary
element of the description of the problem [40.41].
A remarkable example of this tradition is Tong and
Sriram’s Artificial Intelligence in Engineering De-
sign [40.42] and Sriram’s Intelligent Systems for En-
gineering [40.43].

Interestingly, these efforts did not produce com-
pelling results. The most relevant applications were
found in the field of the design of electric and electronic
circuits. Applications in the field of architectural design
were also explored, but with limited success.

One might argue that the focus on the cognitive pro-
cedures missed a point, that is, the language with which
people transform the abstract requirement (the why of
the artifact) into broad ideas, then more precise con-
cepts, down to detailed specifications and design. In
other words, there must be an interaction between cog-
nitive processes of the general type [40.44, 45] and the
specific representational language in each of the design
domains. Such interaction was almost entirely missed in
earlier efforts to automatize design, due to the empha-
sis on discovering and modeling general mechanisms of
intelligent behavior [40.35].

40.2.4 Functional Bases

These limitations led to a different strategy, i. e., fo-
cusing more on the language than on the cognitive
operations in the design space. The task was to de-
velop a language that might be used to write functional
expressions that were consistent with grammar and se-
mantic rules.

Interestingly, this intuition was forwarded in the
direction of the development of functional languages
based on the manipulation of a very small set of
functional verbs. This strategy followed some sort of
Occam’s razor argument: the goal was to describe func-
tionally an artifact using the smallest possible number
of different functional verbs. The main research goal
was parsimony and elegance, rather than coverage and
usability in every context. This approach, labeled func-
tional basis, was developed mainly in the USA, starting
with the pioneering works of Little et al. [40.46] and
Stone and Wood [40.47]. A more systematic version
was elaborated shortly after by Hirtz et al. [40.48]
and further expanded by many authors [40.49–51]. The

functional basis paradigm created a systematic link-
age with earlier traditions of engineering analysis, such
as value analysis. Several US research teams created
a stream of research that transformed functional anal-
ysis into a usable tool.

Over time, however, this approach showed some
limitations; in real world applications, it was practically
impossible to use functional bases without the help of
experts in specific engineering domains. In order to cap-
ture the functions of artifacts it was necessary to add
several qualifications to verbs that were too broad or
general. These limitations were evident when the trend
towards automatic text processing became dominant.
Functional bases were mainly intended for manual use.
They were not suited for the treatment of large collec-
tions of texts.

40.2.5 Introducing Behavior
in the Functional Representation:
The Function-Behavior-Structure
(FBS) Model

The limits of functional bases were clearly anticipated
in a stream of literature that introduced a new layer of
description.

In functional analysis, a distinction is made between
the structure of the artifact (i. e., its geometry and ma-
terial composition) and the function, or the abstract
description of its purpose. The function is, however, im-
plemented by the structure of the artifact in a dynamic
way, that is, by producing a behavior. This behavior is
consistent with the structure and is aimed at delivering
the function. In functional analysis, the description of
the behavior is absorbed in the functional description,
by working with varying degrees of granularity in the
hierarchy of functions.

Various authors [40.52, 53] suggested enriching the
framework by developing a separate layer, called be-
havior, within a unitary framework called function–
behavior–structure (FBS). In this way, functional de-
scriptions can be left more general, and the implemen-
tation of functions can be described more carefully in
dynamic terms, by following the behavior of artifacts in
their context [40.53–56]. This approach is much more
flexible and articulated, as it permits the representation
of functions in dynamic terms, as well as a more explicit
link between the functions and the expected behavior or
user expectation [40.57–60]. In other words, in linking
structure and function through the notion of behavior,
this approach allows us to examine expected behavior
by users as an indication of needs. It has received large
acclaim in the literature [40.61, 62].

Other authors have also articulated functional anal-
ysis in order to accommodate a separate behavior
layer [40.52, 63].
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40.2.6 The Ontology Revolution
and the Role of Computational
Linguistics

The developments discussed above (Pahl and Beitz’s
systematic design, functional bases, and the FBS frame-
work) were developed within the engineering design lit-
erature. This literature is produced by a relatively small
community, whose main interests are in the construc-
tion of formal systems for representing technological
problems moving from a deep knowledge of engineer-
ing disciplines [40.64]. In other words, this is a minority
of scholars in engineering who, in addition to, some-
times (more rarely) in substitution for, deep studies in
specialized engineering disciplines, have a propensity
for theoretical generalization and formalization.

Parallel to these developments, and initially with
no overlappings, the last two decades have witnessed
impressive advancements in computational linguistics,
and the ability of artificial systems to process large
collections of texts has increased enormously. These
developments are based on the construction of formal
ontologies or abstract representations of entities and
their relations. In parallel, powerful statistical methods
for the extraction of meaningful information have been
developed in the fields of information retrieval and data
mining.

After several pioneering contributions, a full-scale
effort to develop a functional ontology was promoted
by Kitamura and co-authors [40.65–68]. The construc-
tion of an ontology requires the formal modeling, using
knowledge representation concepts and theorems, of
the substantive relations among entities [40.69]. This
is usually done in interaction between domain knowl-
edge experts (in this case, engineers and designers) and
computer science experts.

After the initial effort, the literature on functional
ontologies witnessed large adoption [40.70]. Yet, other
authors followed a different path: they built functional
representations by massively processing technical texts
(in particular, patents) in order to automatically ex-
tract functional information. This was done without
a pre-existing functional ontology, but only on linguis-
tic bases. In particular, Montecchi and Russo started to
apply to the newly created patent classification (CPC)
linguistic queries based on the FBS framework and its
variants [40.71–73].

Other authors did not capitalize on existing engi-
neering functional frameworks but reconstructed the
notion of function on the basis of purely linguistic struc-
tures, e. g., actions. This approach is called SAO. The
acronym SAO means subject-action-object structures:
every verbal construct in which there is a subject doing
an action that involves an object. Yoon and Kim [40.74]

developed a patent analysis strategy based on the con-
cepts of natural language processing. Taking advantage
of parsing tools like the Stanford Parser or Knowledg-
ist, patents claims are analyzed to reach a level where
each of them is representable by a set of SAO structures.
This permits a rapid identification of what the com-
ponents in a new product are, and what their function
is. The extracted structures are compared using a sim-
ilarity measure that is purely linguistic, i. e., does not
implement an underlying ontology. A similar approach
is found in Choi et al. [40.75], while Park et al. [40.76]
combine the SAO structure with TRIZ inventive prin-
ciples. These contributions realize the goal of offering
a rich language for functional descriptions. They might
be labeled text mining without ontologies. The underly-
ing engineering, and ultimately physical, constitution is
not made manifest.

40.2.7 Functional Dictionaries

Finally, an alternative path was followed at the intersec-
tion between engineering design and machine learning,
i. e., the development of large functional dictionaries.
This path followed the notion that cognitive operations
in design depend on the representation of the design
task in specific, contextual, and semantically rich en-
vironments, in which the interplay between function
and structure could be produced. This idea was also at
the origin of the Functional Basis movement of Hirtz,
Stone, Wood, and co-authors. These authors, however,
pursued a goal of parsimony.

The functional dictionary approach goes in the op-
posite direction, developing the largest possible dictio-
nary. It also goes in a different direction to the ontology
movement of Kitamura and co-authors, in the sense
that there is no need to develop a full scale ontology.
What is needed is a procedure to generate the largest
possible collection of functional lemmas and to demon-
strate that the semantic space of design is saturated,
or there are not any important undescribed elements
left. By saturation, we mean a methodology, borrowed
from social sciences, in which there is systematic in-
teraction between observed data and modeling until
the model includes all elements that are needed to ex-
plain the data. In the context of engineering design, this
means completeness at two levels: the level of the cat-
egories of elements needed to describe an artifact and
the level of all the various possible technical imple-
mentations existing in each category. A related crucial
factor, to be dealt with properly for the methodology
to work, is the domain dependency of many types of
technical concepts: saturation in one domain does not
guarantee the same in another, and completeness must
be achieved at a third level too, that of all sectors
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of interest. In our case, we tested the dictionary in a
dozen applications in highly disparate industries, up to
the point where the entries were fully adequate to de-
scribe the problem at hand. The construction of large
repositories of technical terminology has been inves-
tigated by various research groups, especially within
the TRIZ community. As an example, the commercial
software Goldfire Innovator (http://inventionmachine.
com) includes a large database of functions and phys-
ical effects; furthermore, the extraction of functional
information from patents was pioneered by Cascini and
co-authors [40.77–79]. Dictionaries for specific sectors
have been built by a number of authors (see, for exam-
ple, [40.80, 81]).

This direction was taken over a decade ago also by
the authors of this chapter [40.27, 82–86]. To reach the
optimal result, we combined different techniques, rang-
ing from advanced text mining, use of knowledge pat-
terns and structures, and human factor analysis, all re-
vised by experts in the technological sectors examined.

The most important achievement of this research
effort was the construction of a functional dictionary
containing more than 100 000 lemmas, of which there
are approximately 12 000 functional verbs. This dic-
tionary contains functions, behaviors, and structures,
defined as atoms of the artifact, in terms of process, ac-
tion, or task that the artifact system is able to perform.
All entries are related to semantically related entries,
such as synonyms, antonyms, and hyperonyms.

This approach has opened the way to an auto-
matic procedure to extract functional information from
patents [40.87], while keeping full control of the under-
lying physical description of functions. This dictionary
has been repeatedly used in tasks of patent search,
patent classification, topics modeling, technology fore-
sight, and design crossover, in the last few years.

More recently, the same dictionary approach was
followed in an effort to build up other technical dictio-
naries referring to advantages/disadvantages of artifacts
and to users or stakeholders of artifacts. The idea is to
increase the coverage of all the directions in the design
space, thus expanding the possible applications. Over-
all, the following dictionaries have been developed:

� Stakeholders: persons who have relations with
a product or service. It has been built by merging
multiple lists (e. g., users, workers, patients). Its size
is about 77 000 entries [40.88].� Advantages and disadvantages: positive and neg-
ative effects of products/services. These classes
could be also defined as benefits and failures. They
consist of more than 20 000 entries.� Components: list of systems and sub-systems con-
tained in products.

� Physical quantities and units of measurement: phys-
ical properties of a phenomenon that can be quanti-
fied by numbers and units of measurement.

More recently, a vertical dictionary has been built,
called Technimeter® 4.0 [40.89]. It is a list of tech-
nologies and techniques related to Industry 4.0. The
dictionary and taxonomy behind the Technimeter are
designed to map documents of the new industrial rev-
olution. It has the form of a fully linked graph and
consists of about 2000 technologies and 200 000 links.
It is in three languages (automatically expandable) and
could be easily extended to fields like precision agri-
culture, the Internet of Things (IoT), smart cities, smart
energy, and E-health.

A sample of entries from these dictionaries is given
in Table 40.1.

The approach, which is based on large, non-
ontological dictionaries is not suited for all type of
analyses, at least in its current state of development.
When the analysis requires a high level of abstraction
with respect to the specific artifact descriptions, such
as in the construction of functional diagrams or other
functional modeling-related tasks, and in general for ev-
ery study performed by a human expert, the variety and
the details embedded in the database just add unneeded
complexity. In such cases, more prescriptive and con-
cise methods, such as those built on functional bases,
usually deliver faster results.

On the other hand, in all cases in which the investi-
gation needs to deal with the complexity and fuzziness
of natural language, a complete functional dictionary
provides, almost by design, an efficient and reliable
instrument. This is the case of all forms of software-
based, automated analyses of texts, which in turn are
the only possible way of tackling large amounts of
technical documents in tasks as diverse as information
retrieval, knowledge extraction, or document catego-
rization and labeling.

One of the most promising areas of application
of the functional dictionary is, indeed, patent classi-
fication. We suggest that a full scale functional dic-
tionary allows a fine-grained representation (i. e., re-
trieval, mapping, clustering, and profiling) of patent
information, opening the way to a variety of power-
ful applications. As a future development, integrating
a full dictionary with computational linguistic algo-
rithms may even allow tasks such as constructing func-
tional diagrams in an automated way and comparing
them.

In the next chapters, alongside the general discus-
sion about functional classification of patents, we will
also provide some examples of use, among others, of
the dictionary approach.

http://inventionmachine.com
http://inventionmachine.com
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Table 40.1 Sample of entries from the functional dictionary, the stakeholder or user dictionary, the advantage/disadvantage dic-
tionary and the Technimeter 4.0 (in alphabetical order)

Functional behavior structure Stakeholders, pains and gains Technological aspects
Functional
verbs

Behaviors Structures/
components

Users Advantages Dis-
advantages

Units of mea-
surement

Technimeter® 4.0

Abrade Abraham–
Lorentz
(force)

Annular,
annulus

Academi-
cian

Ability Abandon ag Actroid

Absorb Absorption Axial, axis Accor-
dionist

Accessible Absent aHz ADA (programming language)

Abut Acoustic
(shock,
wave, . . . )

Arc, arched,
arcuate

Acousti-
cian

Accommo-
date

Abuse aJ AM (additive manufacturing)

Accelerate Activation
(energy,
coefficient)

Ampoule Acrobat Accurate Accident am=s2 Advanced audio distribution profile

Access Adhesion,
adhesive

Aperture Actor Accurateness Accidental aN Advanced mobile phone system

Acidify Adiabatic
(transfor-
mation)

Arm Acupunc-
turist

Adaptable Aggravated A AGV (automated guided vehicle)

Acierate Archimedes
(principle)

Axle Adult Adequate Aggravation Ampere Aibo (artificial intelligence robot)

Adapt Auger
(effect)

Anode Aestheti-
cian

Adjustability Alterations atto- AIML (artificial intelligence
makeup language)

Add Austenitiza-
tion

Antenna Alpinist Adjustable Anxiety aW Air cobot

. . . . . . . . . . . . . . . . . . . . . . . .

40.3 Patent Search and the Limitations of Existing Patent Classifications

Patent classification is a necessary part of any patent
system, for legal, administrative, and practical pur-
poses. One of the main areas of utilization of patent
classification is patent search, which has two main
applications: ex ante patent search or the search of
prior art done by inventors, assignees, attorneys, and
patent officers before and during patent application, and
ex post patent search, or the search in databases carried
out after the publication of patents.

Patent search can be based on several alternative
strategies of query. Some queries are exclusively based
on existing patent classifications (IPC or CPC) or in-
dustrial classifications, others use other metadata that
are included in patent documents. Summing up a patent
search is usually done in one or more of the following
ways:

1. IPC or CPC classifications
2. The codes of NACE-CLIO, that is, the European

Industry Classification (The acronym stands for
Nomenclature générale des Activités économiques
dans les Communautés Européennes–Classification

Input–Output or equivalent national correspon-
dents, such as the Italian ATECO (ATtività ECO-
nomiche), to identify the name of companies of the
field of interest

3. Keywords associated with technologies of interest
4. Full names of companies and/or research centers

that develop technologies in the field of interest
5. Full names of inventors.

Interestingly, each of these search strategies suffers
from a number of severe limitations. We review them in
order.

40.3.1 IPC or CPC Classes

The official patent classifications are the most largely
used in patent analysis, both in professional practice
and in academic research. In the latter domain, patent
classifications are routinely used in the economics of in-
novation and strategic management literature, in order
to address issues such as diversification of companies,
related variety, innovation search, or novelty. Yet these
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classifications suffer from limitations that are not al-
ways clearly recognized.

To start with, the large number of IPC codes (more
than 70 000 IPC codes among classes, subclasses,
groups, and subgroups [40.90] and of CPC entries
(more than 200 000) [40.91], while an indication of the
effort of IPR authorities to follow the evolution of tech-
nology, generates a cumbersome task. Patent officers
and analysts are faced with a severe trade-off: using
fine-grained classification requires a large specialized
knowledge, while using higher-level codes would bring
in the patent set lot of noise from distant and unre-
lated documents. As a matter of fact, the reading of
the definitions of patent classes does not solve at all
uncertainties in classification and also in information
retrieval.

Second, the IPC/CPC classification has its own
ambiguities of attribution. Compare, for example, the
subgroup A61B 5/00–Measuring for Diagnostic Pur-
poses with the class G01 Measuring, or the subclass
F16F–Springs; Shock Absorbers with the equally valid
subclass B60G–Vehicle Suspensions. It is clear that
a patent of interest can be legitimately listed under
one or the other code. This means that an incomplete
IPC-based query (in particular, a query that fails to rec-
ognize these kinds of ambiguities) will miss important
information.

Third, there are errors of classification. In some
cases, the technology covered by the patent has nothing
to do with the patent class, due to mistakes or misprints.
However, the most intriguing (and disturbing) classi-
fication error is intentional. Applicants submit patent
applications that intentionally include misleading infor-
mation, that lead patent analysts at patent office into
misclassification. In other words, companies try to hide
the true content of their patents from competitors, for
defensive purposes or for creating hidden threats. It
is not uncommon, for example, to see inventions for
power windows in the automotive sector classified as
blinds for use in houses or solutions for gas turbines
classified as solutions for standard combustion engines,
and vice versa.

Fourth, the speed at which new patent classifica-
tions are introduced does not match the speed of tech-
nological evolution. Despite significant efforts, official
classifications are several steps behind the technologi-
cal state of the art. In particular, patent classifications
are under pressure in following inventions that are
transversal in nature. In general, patents with broad
cross-field and cross-industry application are classified
in several sectors of the IPC classification. On the other
hand, CPC has tried to address the issue by introduc-
ing the Y class, but for the time being the coverage
is far from complete. As a clear example, it has been

shown [40.92] that only a tiny fraction (5%) of the rele-
vant patents in the field of bioinformatics is listed under
the corresponding IPC code G06F19/10, while all the
others are scattered among over 30 codes. A similar
problem refers to the case of transversal or interdis-
ciplinary technologies, which adopt several technical
solutions and span several applications, and, therefore,
can be pertinent to many classes. Consider for exam-
ple patents for robotics, or IoT. More generally, even
standard technologies may have multiple IPC/CPC at-
tributions. A classic case is control software, which can
be classified either under pure software classes or un-
der classes related to the specific industrial sector of
application.

Finally, the IPC/CPC classification has not yet been
adopted in all National Patent Offices.

Summing up, the use of IPC or CPC classification
schemes is justified as a first approximation, while it
suffers from severe limitations if the goal is to iden-
tify emerging technologies and technological trends,
as well as to build up strategic technology intelli-
gence tools that allow for lateral innovation, boundary-
crossing technologies, and strategic hiding behavior by
competitors.

40.3.2 Industry Codes

A suitable alternative to the construction of lists of com-
panies is to rely on industry codes. At the European
level, they follow the NACE-CLIO nomenclature.

This approach, too, has various limitations. First,
using industry classification creates the same problem
of classification errors found for patent classes; some-
times companies are listed in classes that have nothing
to do with the reality of their production, due to mis-
classification.

Secondly, large enterprises and holdings generally
operate in more than one industrial sector; thus the
reference is to multiple NACE codes, so that a clear
association of enterprises to NACE is difficult. Further-
more, in the case of groups or holdings, quite often the
parent company is classified under services, although
the associated or subsidiary companies are manufactur-
ing enterprises.

Finally, research centers are not classified by indus-
try codes.

40.3.3 Keywords

Keywords are another largely used technique in patent
search. After patent classes, keywords are probably the
most important search tool. Keywords must be built up
after an expert judgment. More recently, the elicitation
of keywords by experts in the subject domain is inte-
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grated with formal computer language methodologies
(ontologies).

In practice, however, it is difficult to characterize
completely and precisely a technology using only a lim-
ited number of keywords. The larger and more inclusive
is the choice of keywords, for example, including all
synonyms of a given term, the greater the risk of find-
ing unrelated patents due to polysemy or usage of the
word in several other industries. Moreover, assignees
may use (inadvertently or intentionally) different termi-
nology to label the same technical concept. The list of
variants is not known a priori.

Often inventions are described in ways that defy
the precise qualification by means of keywords. Or the
same functions are described differently, so leading to
the publication of different keywords.

Finally, the labeling with keywords may miss im-
portant information. As a matter of fact, even the most
obvious keywords may not be present in patent docu-
ments. For example, the CPC subgroup F04D 19/042
is about turbomolecular vacuum pumps, and yet there
are 52 documents classified in F04D 19/042 that do
not contain the term turbomolecular pump or any other
variation of such an expression (source: http://www.
wipo.int/meetings/en/details.jsp?meeting_id=39303).

40.3.4 Full Name of Assignees (Companies
or Research Centers)

It is usually quite difficult to start with a complete list
of companies and/or research centers that may be des-
ignated as assignees of patents. This is even more so
in rapidly growing sectors, due to the massive entry of
newcomers, as well as frequent mergers and acquisi-
tions (M&A). A list of the full names of companies can
be found in some industrial sectors in sources like in-
dustrial repositories, catalogues, trade associations, and
associated websites. Complementary sources are the
commercial database services.

However, even if a complete list were available,
there are several limitations, some of which are similar
to those commonly found in bibliometrics and sciento-
metrics.

The well-known problem of harmonization of com-
pany names is pervasive: there are countless variations
of company names to be found in patents. Harmoniza-
tion efforts come into play, but they are still incomplete.
In addition, companies try to hide their identity by as-
signing patents to subsidiaries whose corporate links
are difficult to reconstruct, or even to their long term
suppliers. In many cases, the assignees are inventors
themselves, so the name of the company is not vis-
ible in the patent data. However, the inventors are

employees or collaborators of a company. This in-
formation is not available in patent documents, so it
must be inferred from other sources. As a matter of
fact, the information may be difficult or impossible to
reconstruct.

Finally, lists of companies are typically based on
criteria for inclusion that refer mainly to the final prod-
ucts, i. e., are based on industry-sector criteria. This
corresponds to the traditional notion that members of
an industry are only those companies that actively com-
pete in the product markets, or, more formally, those
for which the cross-elasticity of product demand is
non-zero. This notion was entirely appropriate in an
innovation landscape in which there was a strong co-
herence between the technology owned or controlled
by a company and its product portfolio. However,
in a landscape of pervasive digital technologies and
disruptive business models, this strict correspondence
is not warranted. As an example, in emerging tech-
nologies, one often finds among assignees names of
companies, usually large ones, coming from completely
unrelated fields. This means that they are studying
the technology. The extent to which they will develop
products based on these patents, becoming new en-
trants and newcomer competitors, is not obvious at
all.

40.3.5 Full Names of Inventors

The inventor record in the patent text is a source of cru-
cial information. Many studies have been carried out
by using lists of inventors, as well as their affiliation,
country of origin, nationality, extracted from given sets
of patents. An interesting example is the classification
of inventors by country based on automatic tools of
disambiguation, which assign a country or region with
a certain probability given the frequency distribution of
names and surnames.

Inventors are, however, physical persons. Contrary
to names of companies and research centers, which cre-
ate a universe in the order of magnitude of dozens of
thousands, names of physical persons are in the or-
der of millions. In addition, for companies there is an
incentive to select corporate or brand names that are
clearly distinguishable from competitors. This does not
happen for physical persons. This means that issues of
homonymy are cumbersome and may create lot of noise
in data.

In addition, there is no validated list of inventors,
for the time being.

For the convenience of the reader, the main limita-
tions of existing patent search criteria and approaches
are summarized in Table 40.2.

http://www.wipo.int/meetings/en/details.jsp?meeting_id=39303
http://www.wipo.int/meetings/en/details.jsp?meeting_id=39303
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Table 40.2 Summary of the limitations of existing patent classifications

Search criteria Limitations
IPC or CPC classes � Large number of IPC codes and CPC entries generates cumbersome task of classification and infor-

mation retrieval� Ambiguities of attribution� Classification errors� Strategic information hiding� Mismatch between speed of updating of classification and speed of emergence of new technologies� Cross-field technologies
Industry codes � Classification errors� Research centers are not categorized by industry codes
Keywords � Incomplete profiling of technologies using keywords� Polysemy� Ambiguity in the description of technologies by companies� Missing keywords
Full name of assignees
(Name of companies
or research centers)

� Cost of compiling lists of companies� Completeness of list of companies (new entry, M&A)� Name harmonization� Allocation of patents to subsidiaries with opaque corporate links and/or loyal and strategic suppliers
in order to hide patent activity� Allocation of patents to individual inventors who are employees/collaborators in order to hide patent
activity� Entry from unrelated industries

Full name of inventors � Lack of completeness of inventor list� Homonymy

40.4 Functional Patent Classification: Three Case Studies

As mentioned in the previous chapters a functional
patent classification (FPC) is based on the main func-
tions performed by the technology, rather than on the
inventive solutions or their potential applications. The
functional approach allows overcoming most of the
above-mentioned limits. One aspect that makes func-
tions such a powerful tool is their generality and ab-
straction. Representing logical, physical, or teleological
concepts, functions are neither domain specific nor do-
main dependent. As an example, separation, movement,
and control are present in every technical domain, what
changes is only the structure that realizes these general
goals or effects. Therefore, functions can help the iden-
tification of connections or even the creation of bridges
between distant technologies or industrial areas.

The connection may be found in the two time di-
rections. Looking retrospectively, it is possible to start
from a given present-day solution and explore inven-
tions of the past belonging to different sectors, either
to make more complete the positioning of a technology
and the understanding of its evolution trajectory, or to
widen the scope of infringement, opposition, or free-
dom to operate analyses.

Looking forward, on the contrary, the existing
patent corpus can be used to provide inspiration for

the inventions of the future, tackling a creative process
called crossover, i. e., the adaptation of technical solu-
tions from one field to another. The same approach can
help in anticipating the evolution of transversal tech-
nologies.

Furthermore, the search of prior-art is very im-
portant in the every day practice of engineers, de-
signers and IP professionals; however, the projection
towards the future provided by crossover is probably
even more important, since it leads to new technolo-
gies and businesses, and can provide valuable sup-
port to the strategic planning of companies and policy
makers.

In the following sections, we will review some of
the advantages of using FPC in a variety of directions.
These include:

� Patent search� Technology foresight� Prior art� Crossover analysis

In the first two case studies, we will show how
adopting a functional reasoning and FPC allows a better
retrieval of the patents:
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� Related to a technological cluster, e. g., during
a foresight activity.� Related to a specific product that a company plan to
patent and commercialize without infringing one or
more existing IP (in the case of patent search and
prior art analysis).

In the third case study, we will discuss how per-
forming a patent search based on functional criteria
permits us to identify different technologies that satisfy
the same need and apply that to crossover activities, in
order to support creative tasks in the conceptual design
phase.

These applications are of interest for patent of-
fices, patent attorneys, and patent analysts, as well as
for entrepreneurs and venture capitalists, or researchers
and analysts interested in technology and competitive
intelligence.

40.4.1 Case Study No. 1: Patent Search

There are two main advantages of adopting a functional
point of view when performing a patent search. The first
is higher recall (in information retrieval; the term recall
indicates a percentage parameter representing the com-
pleteness of a given target document set; in the present
case, it gives the fraction of relevant patents that have
been actually retrieved over the total amount of exist-
ing relevant inventions). Quite often, relevant patents
are filed under IPC/CPC classes different from that of
the starting patent application, and traditional queries
are usually not able to retrieve them, either because they
rely too much on the IPC/CPC patent classification, or
because the keywords used are too domain dependent.
Even similarity search, based on semantic technologies,
usually fails in this task, since it still bases its internal
representation on the specific terminology of the initial
example.

The second advantage is that finding solutions
coming from different fields is often unexpected and,
therefore, offers additional weapons in the IP dialec-
tics (for example, in patent litigation or opposition),
similar to the possibility of utilizing non-patent litera-
ture. Moreover, the reverse is also true, that is, using
the functional approach it is possible to detect patents
that have been hidden in classes that are far away
from the obvious one, either for defensive or offensive
purposes.

In the foresight activity of the biomedical indus-
try commissioned in 2017 by Toscana Life Science,
a non-profit organization in the support of biomedi-
cal research and acceleration of startup companies, the
starting point was the creation of the set of relevant
patents.

The biomedical field has been clustered in 12 ar-
eas, defined at high level by using functional verbs that
identify the main action performed by the technologies
belonging to each area. For example, in the field of
surgery, instead of listing individual technologies such
as scalpel or cutting laser, we defined the cluster in
terms of the main function, i. e., to separate/cut the tis-
sues of a patient. Table 40.3 shows the main functions
identified in the exercise. This segmentation is not in-
tended to be exhaustive; it addresses the main ares of
interest of the client. It gives a hint to the search strat-
egy that the functional classification suggests.

Let us consider the cluster of technologies which
function is to support the motor functions (listed as
number 5 in Table 40.3). It contains the products and
devices used for the rehabilitation and the aid of the
mobility of a patient, such as crutches, wheelchairs, or
training equipment.

Taking advantage of the functional dictionary to
support the functionalization of the search, i. e., con-
sidering all possible variants of the functional concepts
to be retrieved, we identified in this functional class
a global patent set of 133 197 documents, belonging to
45 976 patent families, filed worldwide from 1900 to
2015.

Only a tiny fraction of these patents were filed in the
region supporting the study (Tuscany). From the above
set, in fact, 267 individual patents filed by assignees lo-
calized in the region have been found. They belong to
42 patent families, and their filing date is after 1985.
Focusing on this small sample, it appears that some of
the patents identified would not have been found, had
we used the search criteria listed above.

For example, the application US2006113846_A1
(Mechanism of motor reduction with variable rigidity

Table 40.3 Classification of patents for medical devices
adopting the similarity of functions performed as criterion
for clustering

Segmentation of the technologies according
to performed function
1. Technologies to remove/separate material
2. Technologies to provide stimulus to the body
3. Technologies to measure physiological parameters
4. Technologies to detect images
5. Technologies to support the motor functions
6. Technologies to reach a specific part of the body
7. Technologies to collect samples
8. Technologies to pre-process samples
9. Technologies to increase sample quantity
10. Technologies to allow interaction of samples and

reagents
11. Technologies to detect signals from body fluid and tissue
12. Technologies to sterilize the devices
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and rapidly controllable) is classified under the IPC
groups B25J9/02, F16H19/06 and H02N3/00. These
groups are labeled, respectively, Manipulators posi-
tioned in space by hand, Gearings comprising essen-
tially only toothed gears or friction members and not
capable of conveying indefinitely-continuing rotary mo-
tion and Generators in which thermal or kinetic energy
is converted into electrical energy by ionisation of
a fluid and removal of the charge therefrom. If we had
conducted the search using just those IPC classes for
which the definition matches the concept of rehabilita-
tion devices or mobility aids (that is, A61F,- Medical
or veterinary science; Hygiene; filters implantable into
blood vessels; prostheses; devices providing patency
to, or preventing collapsing of, tubular structures of
the body; orthopaedic, nursing or contraceptive devices
or A61G,- Medical or veterinary science; Hygiene;
Transport, personal conveyances, or accommodation
specially adapted for patients or disabled persons), we
would have not identified the above relevant US ap-
plication, since it is classified under classes apparently
unrelated to the biomedical field.

Rather often, the assignees and the inventor of
a patent overlap. This is generally true for US applica-
tions, since in that jurisdiction there is the presumption
that the inventor is the initial owner of a patent or patent
application. Sometimes the inventor is, indeed, a single
professional working on his/her own. More frequently,
however, particularly in some industries, the inventor
is an employee in the R&D department of a company
and, by contract, the owner of the intellectual prop-
erty is the company, not the inventor. In certain cases,
the re-assignment to the legal entity from the physi-
cal person (inventor) to the company may still be in
progress. In other cases, however, companies intention-
ally leave individual inventors as assignees, in order to
hide the invention from competitors. Therefore, if these
patents were searched using the names of the compa-
nies active in the industry, they would not be retrieved.
For example, in the patent IT1252816_B (Reinforced
cotyle for hip joint prosthesis)Mr. Massimo Giontella is
both the assignee and the inventor. We started a search
on other documents and discovered that this inventor
works for a company (MP srl), and that this company
owns several patents that refer to devices for the sup-
port of the motor functions. Had we searched for the
standard criteria listed above, we would not have been
able to reconstruct this hidden connection.

Another interesting remark about the above-
mentioned company, MP srl, is that it performs me-
chanical manufacturing. Indeed, from its website it is
not possible to infer that it produces biomedical equip-
ment. For this reason, it would be difficult to retrieve its
patents relying on the assignee information only, since

it is not listed in any company list in the biomedical
industry.

Similarly, we identified an assignee whose indus-
trial classification was Integrated engineering design
services (Ateco code 71.12.2 in the Italian industry clas-
sification). This industrial classification is too generic
to infer any relatedness to the medical device industry.
Yet it is the classification used for Prensilia, a university
spinoff company, whose patent EP2653137_A1 (Self-
contained multifunctional hand prosthesis) is clearly
relevant to the biomedical industry. The patents of Pren-
silia would have been missed if the query had been
based on industry classification only.

Finally, industrial classifications do not cover uni-
versities and research institutes and centers. In our case,
as many as 34 patents related to the motor functions
are assigned to Scuola Superiore Sant’Anna, a univer-
sity institution. Thanks to the functional approach, it is,
therefore, possible to find documents that do not have
explicit reference to known assignees. In addition, it is
also possible to elaborate on the relations between the
technologies of interest and the strategic orientation of
companies that do not appear in the core of the indus-
try, and, therefore, are not under the regular scrutiny of
competitors.

To sum up, in using the Functional Dictionary il-
lustrated above, the levels of recall and precision were
extremely high, by the standards adopted in the compu-
tational linguistics community (in information retrieval,
the term precision indicates the fraction of relevant doc-
uments contained in the retrieved set; in the present
case, such percentage parameter estimates how many of
the patents in a given target patent-set do pertain to the
technical area of interest). Functional thinking in gen-
eral allows finding results that would have been missed
otherwise, both by traditional patent search methods
and by relying on pre-existing knowledge.

A final comment about the application of func-
tional classification to the field of technology foresight
is in order. Here, the functional approach is extended
along the time dimension. The functional representation
of technologies supports the identification of technical
trends that project into the future the evolution of so-
lutions, beyond the existing ones. This is a powerful
counterbalance to the tendency of experts to reason of
future technologies in terms of extensions of already
existing solutions. Following the functional approach,
the technology foresight may lead to the prediction of
forthcoming solutions that fulfill the needs and goals
emerging from the analysis, or, stated more formally,
the functions of interest [40.93]. In other words, by
investigating functions not properly addressed by ex-
isting solutions, as well as by extrapolating trends well
known from the theory of functional analysis, it is pos-
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sible to identify the directions along which the next
innovative steps will take place. In addition, the func-
tional approach allows the early identification of the
potential failures of inventions. Failures can, in fact, be
conceptualized as negative functions. A functional rep-
resentation allows early detection of the areas in which
the promised deliveries of benefits are likely to be frus-
trated [40.94].

40.4.2 Case Study No. 2:
Prior Art and Out-of-Field Citations

The advantages of retrieving solutions coming from dif-
ferent fields were already pointed out in the previous
section. There, the discussion was on search in general,
but the same is true for the specific case of prior art
search.

However, for anteriority search an objection can
arise. How far apart (from the technical point of view)
can two inventions be, so that one can still be consid-
ered a legitimate prior art of the other? Indeed, one
may object that, in principle, there might be a thresh-
old over which two solutions are so different that they
can hardly be considered by a person skilled in the
art to share a similar inventive step, even if they per-
form a similar function. However, there is no common
agreed upon definition of an objective or measurable
distance between artifacts that would allow setting such
a threshold in a clear way. The judgement about the de-
gree of similarity is usually left to the sensibility and
experience of the IP professional. In addition, as a mat-
ter of fact, out-of-field citations are, indeed, used by
patent examiners, patent attorneys, and companies’ IP
professionals.

To investigate the degree of usage/retrieval in prior
art searches of solutions coming from external sec-
tors, we used a set of over 200 000 patent applications,
belonging to the biomedical sector and coming from
several jurisdictions, which we had carefully selected
for a previous study, and looked at the backward cita-
tions. For all data on citations and on search reports,
we refer to the European Patent Office’s PATSTAT ser-
vice [40.95].

We assumed a very simple metric to compare any
given application with its citations: two documents are
considered pertaining to different sectors only if they
have a different IPC/CPC class, i. e., if the first three
characters of their IPC/CPC code are different. Any
difference in the subsequent characters has no rele-
vance for the present purposes. Such a metric, relying
on the IPC classification tree, the criticalities of which
we have already highlighted, is probably not the most
accurate for an in-depth one-to-one comparison but
can be easily automated to process large amount of

documents, and the results are reliable on a statistical
basis.

The study of the above-mentioned patent set led to
some interesting results.

First, out-of-field citation is quite common; in al-
most one out of two patent applications (46%), the ex-
aminer cited in his/her search report at least one docu-
ment belonging to a different sector. (Note that we re-
stricted our analysis to citations made by patent office
examiners and third parties only, neglecting the citations
made by the applicant themselves. Please also note that
the above percentage can be slightly overestimated be-
cause some documents have multiple IPC attributions,
which may be both in-field and out-of-field.)

Out of almost 4 million backward citations from ex-
aminers for the whole set, 32% have a different IPC
class with respect to the starting application (again, the
exact percentage may be a bit lower when taking into
account multiple attributions).

Second, even given the above, examiners very rarely
rely on out-of-field citations only. In the various search
reports of patent office examiners, around 10 000 ap-
plications were found to present prior art that would
compromise the validity of one or more claims (X or
Y categories of citation according to European Patent
Office’s convention: category X is applicable where
a document is such that when taken alone, a claimed
invention cannot be considered novel or cannot be con-
sidered to involve an inventive step; category Y is
applicable where a document is such that a claimed in-
vention cannot be considered to involve an inventive
step when the document is combined with one or more
other such documents, such combination being obvi-
ous to a person skilled in the art). Of those, about half
still presented at least one out-of-field citation, but only
0:3% (29 out of 10621) had only out-of-field citations.
Even if we included non-invalidating citations (A cate-
gory and similar), we reach only 0:9% of applications
with out-of-field citations only.

Third, out-of-field citations are relatively more im-
portant in patent opposition (an opposition occurs when
a third party challenges the validity of a patent; data for
oppositions can also be found using the PATSTAT ser-
vice). We found only 153 patent applications within the
set that received an opposition. However, the percent-
age of documents opposed using out-of-field citations
only now rises to 4:6% (7 out of 153), i. e., more than
ten times the examiner’s case.

We now turn to specific examples. Consider, for ex-
ample, patent application EP1943975 (A1), about an
Holder for storage of surgical or medical equipment
with filling template and assigned to IPC subclass A61B
(diagnosis, surgery, identification; a drawing of the in-
vention can be seen in Fig. 40.1a). The only critical
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prior art (it received the X category) cited by the ex-
aminer during his/her search is US5379887 (A), about
aMethod and apparatus for managing sewing machine
spare parts and assigned to subclasses B25H (workshop
equipment) and D05B (sewing) (Fig. 40.1b). Although
the application sectors are very different, the two doc-
uments obviously share the same main function, i. e.,
storage of objects. Reading the patents it is clear that
they also share the additional function of displaying
the correct position of objects within the box to the
user. Similar functions often imply similar solutions,
and indeed, as pointed out by the examiner, both patents
recur for the display function to a template fixed to the
lid.

As for EP 1479353 (A1) instead, a Control panel
for electro-surgery devices, also filed under subclass
A61B, the examiner has found only in-field prior art,
such as for example patent DE3923024 (A1) about an
Electrosurgical apparatus with operating, display and
safety device. On the contrary, the patent application
received an opposition citing the following three doc-
uments:

� DE10022588 (A1) an Electronic device under
H04M (telephonic communication)� de19951100 (A1) an Operating element, filed under
H01H (electric switches) and with a clear automo-
tive application� WO0073867 (A1), an Indicator for a robotic ma-
chine, filed under various classes including A47L
(domestic washing or cleaning) and concerning
a robotic vacuum cleaner.

a) b)

Fig. 40.1a,b Example of similarity of functions in patents from distant IPC classes: (a) comes from patent EP1943975
and represents a holder for surgical instruments (after [40.96]), (b) from patent US5379887, refers to an holder for sewing
machine parts (after [40.97]). The two inventions belong to different industrial areas yet they perform the same function
and indeed share also many features and part of the inventive step, as detailed in the text

The documents belong to different sectors, yet they
all perform the control and display functions in a similar
way.

As a further example consider finally EP1670371
(A1), a Transport device for sterile media in A61B; the
examiner cited, for example, the Fluid jet blood sam-
pling device and methods of US 20020045912, still in
A61B, but a competitor filed an opposition citing instead
the Flow control system for liquid chromatographs of
US4137011 (A) under, among others, F04B (positive-
displacement machines for liquids; pumps).

Identifying out-of-field citations may be crucial for
supporting patent litigation or for defending the com-
petitive position against competitors. A strategy often
adopted by attorneys that oppose a patent is to invoke
the so called general common knowledge: if a solution
is adopted in other industries, one should infer that it
is largely known. It is, therefore, of crucial importance
to carry out an extensive out-of-field search in order to
anticipate potential arguments for opposition. Indeed,
in a case we studied, there were similar solutions in at
least seven (sic) different industries.

40.4.3 Case Study No. 3:
Functional Crossover
in Food Container Sterilization

As much as functions highlight connections between
existing solutions in different sectors, they can be used
to create a bridge to reach the inventions yet to be in-
vented, thus fostering the innovation process. Patents
can be a very interesting source of ideas to support
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the activities of inventors and designers in the concept
design stage of the new product development (NPD)
process. Indeed, understanding what has been created
by others can spark creative solutions, in the form of
variants or new combinations.

Going further, it is possible to use a technology
traditionally developed in one industry to satisfy the
needs of users in totally different fields of applica-
tions. This goes under the name of crossover, and it
is a well-known way in which inventions are gener-
ated, consciously or not. For example, biomimetic is
just a type of crossover, and while it is now a design
discipline on its own, humans have always taken inspi-
ration from nature for new inventions.

Crossover requires analogical reasoning, that is,
the ability to identify the similarity between the deep
structure of problems, beneath the surface of differ-
ences [40.98–100]. People capable of analogical rea-
soning discover similarity where ordinary people see
only semantically irreducible problems.

Functional analysis offers a systematic approach to
identify similarity across distant industries and prod-
ucts. It builds up abstract representations of the goals
of products and technologies, that cut across existing
solutions described in structural terms. In fact, the same
functions may be found in completely different indus-
tries. Harnessing the functional approach coupled with
a proper mining of the patent corpus is the most ef-
fective way to generate crossovers [40.85, 101, 102].
Several heuristics can be used for this purpose, such
as the search for variants, the use of the same physical
principles for different functions, the systematic search
for synonyms and antonyms, and the like.

Table 40.4 Sample of patents identified with an FPC in the field of food container sterilization

Cluster UID Title Filing date Assignee Technical sectors
Magnetic field US4524079_A Deactivation of microor-

ganisms by an oscillating
magnetic field

1983 Maxwell Labora-
tories

Instruments/medical technology
Chemistry/food chemistry
Chemistry/biotechnology
Chemistry/environmental technology

Micro
waves C steam

WO9729016_A1 A method and an appara-
tus for surface sterilizing
items and a system suit-
able for sterilizing bottles

1997 Clean-Pack
Group

Mechanical engineering/handling

Alternate pres-
sure

US6966345_B2 Method for durability
treatment of a pumpable
material as well as a de-
vice therefor

2003 Flow Holdings
Sagl

Instruments/medical technology
Mechanical engineering/handling
Chemistry/food chemistry

Gamma rays WO0043049_A1 Gamma-irradiation
sterilized polyethylene
packaging

1999 Pharmacia & Up-
john Company

Instruments/medical technology
Mechanical engineering/handling

Ultrasounds EP2550867_A1 Method for and device
for control of microbes in
food materials by means
of vacuum and resonant
ultrasound treatment

2011 University Of
Miyazaki/Kaijo
Corporation

Chemistry/food chemistry

We applied functional analysis to the field of food
container sterilization. The goal was to identify novel
technologies, outside the focal industry. This challenge
could not be addressed by relying on any of the search
criteria discussed above; no patent classification, no list
of companies or inventors, no industry classification,
and no keywords were available, and if they had been
available, they would not have allowed the discovery of
the same result.

The preliminary stage was the formal definition of
the main functions of a food container sterilizer (i. e.,
the destruction or removal of bacteria and other organ-
isms harmful to humans). It is crucial that the functions
come to be described in a clear and formal way. This re-
quires a good understanding of the functional paradigm
and can benefit from the use of a complete functional
dictionary.

The full scale functional representation was then
projected on the patent corpus in order to find those
technologies that perform the functions, without im-
posing any restriction on the industrial sector. Fol-
lowing this approach, we identified as many as 50
patents about systems to sterilize materials and sur-
faces, outside the focal patent classes and industry
classifications. In turn, these documents have been
classified according to the physical effect underlying
the patented technology, such as for example x-rays,
gamma rays, plasma, ultrasounds, chemical agents, and
so on (the latter classification can be performed in an
automated way if a database of physical effects is avail-
able).

Table 40.4 shows a sample of results from this anal-
ysis.
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In Table 40.4 we list a few patents that were iden-
tified through the functional approach. They are also
classified according to the correspondence between IPC
classes and technical sectors developed by Schmoch
and co-authors [40.103, 104]. It is clear from the ta-
ble that highly relevant patents are found in industries
and technical sectors that have no proximity to the food
or packaging industries, such as, for example, medical
technology.

After the identification of these patents, it was
possible to set up brainstorming sessions aimed at ex-
ploring the underlying inventive principles and their
relevance for the sterilization of food containers. This
activity led to the validation of a large number of prod-
uct concepts: as many as 55. These concepts were then
subject to a process of screening and refining, until
a small number was selected for implementation.

40.5 Conclusions and Future Research

The notion of function is at the core of the patent
system. However, the legal and economic doctrine of
patents, as well as professional practice, have largely
ignored the theoretical and empirical developments of
this notion in fields such as engineering design and de-
sign theory.

It is time to make an effort to put this notion at
the core of analysis and practice. We have shown that
the theoretical treatment of the notion is now mature,
from a philosophical and epistemological point of view,
as well as in engineering disciplines. These conceptual
developments offer a robust background for a system-
atic analysis of the notion of functions in the legal and
economic doctrine of intellectual property. In turn, this
might offer ground for more systematic and formal pro-
cedures of patent search carried out at patent offices.

We have also shown that the recent and impres-
sive developments in computational linguistics and the
automatic treatment of texts open the way for new ap-
plications.

In this chapter, we have suggested the integration
between current approaches to patent classification and
the functional classification approach. It is clear that
a full scale, pure functional classification of all existing
patents is a long term goal, requiring further research
over many years. However, a promising intermediate
step might be to compare existing classifications with
functional classification in limited, controllable, new
areas of technology that require dedicated efforts of up-
dating. Are the current approaches to classify patents,
say, in the field of Industry 4.0, appropriate? Or in
the field of FinTech? It would be useful to develop
a formal framework for the comparison of alterna-
tive approaches, based on well-defined metrics drawn
from computational linguistics and from graph the-
ory (e. g., precision, recall, predictive power, number,
and share of relevant out-of-the field citations iden-
tified, and measures of distance in the classification
graph).

Another long term goal, which is, however, made
realistic by the current developments in computational
linguistics, is the definition of formal measures of tech-
nological distance and its semi-automatic computation.

Keeping the full scale functional classification as
a long term goal, other short term applications are al-
ready very promising. In the field of patent search and
patent analysis, the functional approach allows us to
overcome the limitations of existing classifications, by
identifying several relevant inventions that would re-
main hidden otherwise. Applications to patent search
will prove valuable in prior art analysis, freedom to op-
erate, and litigation. Patent offices might find it useful
to incorporate it in their routine procedures.

The functional approach offers new perspectives in
fields of analysis that use patent datasets for a variety
of purposes. It is a powerful tool for the profiling of
emerging technologies, beyond existing technology or
industry boundaries. It allows the identification of lat-
eral opportunities, analogical solutions, and crossover
applications in innovation management. It supports
a systematic projection of technologies in the future, in
studies of technology foresight, mitigating the cognitive
and motivational biases of experts.

A promising direction is the use of large scale func-
tional dictionaries, based on deep engineering domain
knowledge, coupled with powerful linguistic tools.
Given the success in developing large scale dictionar-
ies based on functions, the same approach should be
followed in the effort to reach saturation in dictionaries
that deal with stakeholders/users, advantages and dis-
advantages, and physical descriptions of structures and
behaviors.

A large research agenda is therefore open.
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