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(57) Abstract: A method of comparing first and second documents, the method comprising
determining criteria of the comparison, selecting comparison means based on the criteria from
a plurality of comparison means, and performing the comparison of the first and second docu-
ments by using the selected comparison means. Also disclosed is a method of comparing first
and second documents, the first document including or associated with one or more first con-
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sponding to positions of the first concepts within the first document, the second axis corre-
sponding to positions of the second concepts within the second document, the method further
comprising displaying or highlighting one or more points on the diagram, each point at a po-
sition on the first axis corresponding to a first one of the concepts in the first document and
on the second axis corresponding to a second one of the concepts in the second document,
whereby the first concept is identical or similar to the second concept.
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DOCUMENT COMPARISON

FIELD OF EMBODIMENTS OF THE INVENTION

Embodiments of the invention relate to document comparison, for example for

comparing the text content of documents.

BACKGROUND TO EMBODIMENTS OF THE INVENTION

Document comparison using electronic means is useful, particularly when there are a
large number of documents to compare especially when the documents have a similar
structure and are segmentable within this structure. Electronic document comparison
may use one or more data processing systems to compare text from the documents,

the text also being in or being obtainable in electronic form.

For example, an individual may wish to compare two or more patent documents (that
is, granted patents, patent applications, provisional applications, utility model
applications and the like). There exists an enormous number of published patent
documents, making the task of manually comparing the documents, or selecting
documents for comparison, complicated. Electronic methods of comparing patent

documents or selecting documents for comparison may therefore be useful.

SUMMARY OF EMBODIMENTS OF THE INVENTION

Aspects of embodiments of the invention are set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described by way of example only with

reference to the following figures, in which:

Figure 1 shows an example of determining variables in a complete linkage

method according to embodiments of the invention;
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Figure 2 shows an example of determining variables in a complete linkage

method according to embodiments of the invention;

Figure 3 shows an example of determining variables in a complete linkage

method according to embodiments of the invention;

Figure 4 shows an example of determining variables in a reduced linkage

method according to embodiments of the invention;

Figure 5 shows an example of determining variables in a wedding linkage

method according to embodiments of the invention;

Figure 6 shows an example of determining variables in an integer linkage

method according to embodiments of the invention;

Figure 7 shows an example of determining variables in a bounded integer

linkage method according to embodiments of the invention;

Figure 8 shows an example of a method for comparing documents according

to embodiments of the invention;

Figure 9 shows an example of a diagram for comparing documents according

to embodiments of the invention; and

Figure 10 shows an example of a data processing system suitable for use with

embodiments of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Embodiments of the invention compare two or more documents based on the concepts
that are found within the documents. Concepts may comprise, for example, general
notions, ideas or subjects found or referred to in the documents. The concepts may
then be used to determine one or more numerical values reflecting the similarity of the

documents. Additionally or alternatively, the concepts and their locations within the



10

15

20

25

30

WO 2011/029474 PCT/EP2009/061713

documents may be used to produce a diagram of concepts that are common to
multiple documents, indicating in which part of the documents there are
accumulations of similar concepts, thus leading to an in-depth analysis of document

relationships.

According to first embodiments of the invention, criteria of a document comparison
are determined, and comparison means for comparing the documents are selected
based on the criteria. The comparison means may then be used to compare the
documents, for example to provide one or more numerical values reflecting the

similarity or some of its facets of two or more documents.

A numerical value reflecting the similarity of two documents may use variables based
on the concepts within the two documents. A document may include or be associated
with one or more concepts. There may be multiple concepts that are identical or
similar (for example, use alternative words for the same or similar meaning).
Concepts within a document may be predefined or may be extracted from the
document. There are various ways of extracting concepts from a document and an
example is provided below. Concepts may be determined by extraction from a
document or by accessing the predefined concepts, or by other means. Where a
concept is referred to as occurring multiple times, having duplicates or being identical
to another concept, this should be understood to mean that the multiple concepts are

identical or similar to each other.

In a first method of extracting concepts from a document, free morphemes or root
forms of words are considered. For example, where a document contains any of the
words “machine”, “machines” or “machinery”, these may all be considered to be the
single word “machine”. Thus, each word in the document is replaced by its free
morpheme. Next, certain words are disregarded. For example, certain words may be
likely to appear in many if not most or all of the documents under consideration. In
patent documents, for example, the words “figure”, “show”, “embodiment”, “claim”
and others may be expected to be in a large proportion of the documents under
consideration. These words may be disregarded. The remaining words can be

considered to be a list of the concepts in the document.
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Once concepts have been determined, variables may be calculated based on the
concepts. For example, according to certain embodiments of the invention, up to five
variables may be defined. c; is the number of concepts in a first document (document
1). c¢jis the number of concepts in a second document (document j). Where there are
multiple identical or similar concepts in a single document, these are counted each
time they appear, and so the variables ¢; and ¢; may be higher than the number of
unique concepts in the respective documents. The variable ¢ is the number of
concepts in document i that have identical or similar equivalents in document j. cj) is
the number of concepts in document j that have identical or similar equivalents in
document i. ¢j; is the number of concepts that can be found in both documents. ¢j;
may differ from ¢, and ¢, which may depend on a method selected for measuring

these variables.

A method is selected for measuring the variables from a number of methods. The
selected method may give different results for the variables c;), ¢ji) and c;j than other
methods. The methods differ in the way they consider multiple occurrences of
identical or similar concepts in a single document. One method, “complete linkage”,
is shown in figure 1, which shows an example of concepts in or associated with two
example documents. In the complete linkage method, each concept is treated as if it is
unique and is counted separately from other concepts, even other identical or similar
concepts. As shown in figure 1, document 1 includes five concepts, A, B, C, E and F.
In document i, concept A appears twice, concept B appears three times, concept C
appears once, concept E appears once and concept F appears twice. In document j,
concept A appears once, concept B appears twice, concept D appears once, concept F

appears twice and concept G appears once.

The variables c; and c; are counts of the number of concepts in document i and
document j respectively, and are 9 and 7 respectively. To calculate the variable c;;, the
total number of common concepts is determined. Therefore, for complete linkage,
multiple concepts in one document that have identical concepts in the other document
are considered multiple times. This is illustrated by lines drawn between identical or
similar concepts in figure 1. Thus, the two occurrences of concept A in document 1
and the single occurrence in document j contribute 2 to the variable c;;, and the three

occurrences of concept B in document 1 and the two occurrences in document |
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contribute 6 to cj, because each occurrence of concept B in document i is considered

against each occurrence in document j. Thus, the final value for ¢;; is 12.

Figure 2 illustrates an example of calculation of the variable ¢, which indicates the
number of concepts in document i that can also be found in document j. Again,
multiple occurrences of a concept in document i are considered multiple times,
although multiple occurrences of a concept in document j do not affect the value of
ci). The value for ¢ in the example shown is 7. Similarly, figure 3 shows an

example of calculation of the variable cj;), which is 5 in the example shown.

A second method for measuring the variables is shown in figure 4. This method,
called “reduced linkage”, considers multiple occurrences of identical or similar
concepts in a document as just one occurrence. Therefore, as shown in figure 4, the
variable cj; is determined to be 3. Similarly, the variables c;j, and ¢ are also

measured to be 3.

A third method for measuring the variables, called “wedding linkage”, is shown in
figure 5. In this method, for each concept in one document, a match is searched for in
the other document. Where a match is found, this contributes to the variable c;; for
example, and the matched concepts in both documents can no longer be used.
Therefore, for multiple occurrences of a concept to be counted multiple times, there
must be multiple occurrences in both documents. For example, as shown in figure 5,
there are multiple occurrences of the concept A in document i, but only one in
document j, so concept A contributes only once to c;. On the other hand, there are
three occurrences of concept B in document i and two in document j, so the concept B
contributes twice to ¢;. In the example shown, using the wedding linkage method

provides cjj = 5, ¢i) =5 and ¢j5 =S5.

A fourth method, “integer linkage”, is shown in figure 6. In this method, multiple
concepts are treated as a single concept for calculating the variables as in reduced
linkage. However, the number of multiple occurrences is used to provide a weighting
to the contribution to the variables of the reduced concepts. In the example shown in
figure 6, the weighting given is the number of occurrences of a concept in document i

multiplied by the number of occurrences of this concept in document j. For example,
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the contribution to c;; by the concept B is 3x2 = 6. This weighting gives results for the
variables as ¢ = ¢ij) = ¢j4 = 12. However, in alternative embodiments other

weighting methods can be used.

A fifth method, “bounded integer linkage”, is shown in figure 7. This method is
similar to integer linkage as described above. However, in bounded integer linkage,
the weighting given to multiple occurrences of a concept in one document is no more
than a predetermined maximum number. In the example shown, this maximum is 2,
so the weighting given to the three occurrences of concept B in document i does not
exceed 2. In the example shown, the contribution to the variables such as ¢;; by
common concepts between the documents is equal to the weighting given to the
number of occurrences of the concept in document i multiplied by the weighting given
in document j. For example, the contribution by concept B is 2x2 = 4. According to
this example, the variables are calculated to be ¢;; = ¢;j, = ¢ji) = 10, although as for the
integer linkage method other ways of calculating the contribution and/or other

maximum values can be used.

Once a method of calculating the variables has been chosen and the variables have
been calculated, a method is chosen for determining a value that reflects the similarity
between the two documents being compared. In certain embodiments of the
invention, this comprises choosing one of a number of similarity coefficient formulas.
Examples of similarity coefficient formulas are given below. The formulas can be
split into two categories: those that give two-sided overlap coefficients, and those that

give double single-sided overlap coefficients.

The two-sided overlap coefficient formulas use the variables ¢;, ¢ and ¢;;. A number

of examples of such formulas are given in table 1 below:

Similarity coefficient Definition

Cy
Jaccard —_—
c;te,—cy

2c,,

iy

Sorensen
¢, t+c,
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7
Sokal & Sneath 2 %
t
R & one 2(c, +¢;) -3¢,
Kulczynski 1 %
ulczynski cte, _2Cij
l+_’]
Kulczynski 2 ¢, C
2
Cosine
Inclusion

Table 1: two-sided overlap similarity coefficient formulas

Double single-sided (DSS) overlap coefficient formulas use the variables ¢, ¢;, ¢ig)

and c¢js), and a number of examples are given in table 2 below:

Similarity coefficient Definition
Cin+C i
DSS-Jaccard e
¢, +c;
Ciny Cii
DSS-Inclusion max{ﬂ,ﬁl
C. C.
i j
DSS-Inclusion max(ci(j) 5 C i )
(extreme variant) minc;,c;
7 =y
1+ [Cim] 4| Go
DSS-Gamma-Inclusion ¢ €
0<y<l1

Table 2: double single-sided overlap similarity coefficient formulas

The DSS-Gamma-Inclusion formula includes a weighting variable . This variable

can be used to balance between two simple one-sided coefficients. For example, to
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balance the formula equally between the two one-sided coefficients, y is chosen to be

0.5.

Of the two-sided overlap similarity coefficient formulas listed above, the Jaccard,
5  Cosine and Inclusion coefficients will be considered further. However, in alternative
embodiments, other formulas for the two-sided and DSS overlap similarity

coefficients may be used that may or may not be those listed above.

Table 3 below gives results for selected ones of the two-sided overlap similarity
10 coefficient formulas using various methods for determining the variable c;; as
identified above. The results provide values reflecting the similarity of the two

documents being compared.

Similarity | Complete | Reduced Wedding | Bounded
coefficient | linkage linkage linkage integer linkage
Jaccard 3 0.43 0.45 1.67
Inclusion 1.7 1 0.71 1.43
Cosine 1.52 1 0.63 1.26
Table 3: two-sided overlap similarity coefficient results
15
Table 4 below gives results for the double single-sided (DSS) overlap similarity
coefficient formulas. For DSS-Gamma-Inclusion, y = 0.5.
Similarity Complete Reduced
coefficient linkage linkage
DSS-Jaccard 0.75 0.6
DSS-Inclusion 0.78 0.6
DSS-Gamma-
Inclusion 07 032
Table 4: DSS overlap similarity coefficient results
20

In certain embodiments of the invention, document comparison means comprise or

include the formula and the method for determining the variables used by the formula.
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The document comparison means are selected based on one or more criteria of the
comparison. For example, the criteria of the comparison may include a purpose of the
comparison of the documents, an importance of considering duplicate concepts in the
documents, a distribution of duplicate concepts and a size distribution of documents.

These examples are explained in more detail below.

One of the criteria used in the selection of the document comparison means may
comprise a purpose of the document comparison. For example, where one or both of
the documents is a patent document, the purpose may comprise a prior art analysis,
infringement analysis or patent document similarity mapping. For prior art or
infringement analysis, a document of interest may be compared with a plurality of
other patent documents. It may be undesirable to miss any patent document that is
potentially similar to the document of interest. Therefore, for example, a threshold of
0.2 may be set, and a document that has a similarity coefficient of greater than the
threshold may be marked for manual comparison with the document of interest. In
this case, selection of the inclusion or DSS-inclusion similarity coefficient formula
may be desirable, as the values from these formulas tend to be greater than for other
formulas as shown above. Thus, more documents are above the threshold and more
documents are marked for manual comparison, reducing the risk that an important

document is not marked for manual comparison.

For patent mapping, a m*m matrix of similarity coefficients may be obtained where m
is the number of documents being compared. As a result of the large number of
coefficients, it may be appropriate to use a more conservative similarity coefficient

formula, such as Jaccard or DSS-Jaccard.

The criteria may also include an importance of considering duplicate concepts in the
documents. In some cases, for example, there may be rare or unusual concepts in one
of the documents being compared, and so selection of document comparison means
that puts greater emphasis on multiple occurrences of identical or similar concepts
may be desired. Thus, use of the complete linkage method for variable measurement
may be appropriate, and/or use of a two-sided overlap similarity coefficient formula
may also be appropriate. This may result in a higher similarity coefficient between

those documents that include multiple occurrences of the rate or unusual concepts.
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The criteria may also include distribution of duplicate concepts. That is,
consideration of the number of identical or similar concepts in each document in the
plurality of documents that are involved in the comparison exercise. For example, an
average may be taken for each document of the number of occurrences of each
concept that occurs multiple times in that document, and then an average of all of the
averages is determined. Alternatively, for example, the ratio of the number of unique
concepts to the total number of concepts (including duplicate concepts) throughout the
documents may be determined. The resulting value may be used in the selection of
the document comparison means. For example, a higher value may suggest more
multiple occurrences of identical or similar concepts. Therefore, selection of
document comparison means that puts less emphasis on multiple occurrences may be
appropriate, such as selection of a DSS formula and/or variable measurement other

than complete linkage.

Another of the criteria that may be used in selection of the document comparison
means is a size distribution of the documents being compared. The “size” of the
documents being considered is the number of concepts within the documents and may
or may not reflect the physical size of or amount of text in the documents. The
distribution of the documents may be reflected by the variance in the size of the
documents. A low variance may mean that use of the Jaccard or DSS-Jaccard
similarity coefficient formula may be appropriate, whereas a high variance may mean
that use of the inclusion or DSS-inclusion formula may be appropriate. In case of a
high variance the documents have different sizes, thus making it more likely that a
large document will be compared with a small one. In this case the inclusion and
DSS-inclusion formula may be preferable because they indicate if a small document is

included in a large one, whereas this is less clear from the other formulas.

Thus, as indicated above, in embodiments of the invention, the comparison means for
comparing two or more documents may be chosen based on criteria of the
comparison. The comparison may be performed on properties of the documents that
comprise, for example, numbers of concepts that are found in or are associated with

the documents.
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Figure 8 shows an example of a method 800 for comparing two or more documents.
First, in step 802, the criteria of the comparison are determined. Examples of such
criteria are given above. Next, in step 804, comparison means are selected based on
the criteria. Then, in step 806, the comparison of the documents is performed using
the selected comparison means. In step 808, the results are being displayed in form of
a table. In step 810, the results are saved in a specific file format, such as csv. The

method 800 then ends at step 812.

In alternative embodiments of the invention, a diagram may be displayed that may
allow a user to visualize the similarity between two documents being compared. In
some embodiments, the diagram is a two-dimensional diagram having a first axis and
a second axis. Each axis corresponds to one of the documents being compared and
positions along an axis indicates the positions in the corresponding document of

concepts within or associated with that document.

Figure 9 shows an example of such a diagram 900. The horizontal axis corresponds
to document 1, whereas the vertical axis corresponds to document j. The documents i
and j include the same concepts as the documents 1 and j shown in figures 1 to 7. The
concepts within each document are shown on the corresponding axes for illustration
purposes, although these may not be displayed on the diagram 900. The sequence in
that the concepts are ordered on both axis corresponds to the occurance of the

concepts in the documents.

Concepts that are common to both documents are highlighted on the diagram 900 at
the appropriate positions on the horizontal and vertical axes with a “x”, although other
ways of highlighting these points are possible. Thus, in the example shown, there are
12 such points highlighted, equal to the variable ¢;; in the complete linkage method as
described above. In alternative embodiments, the principles from other methods such
as integer linkage and wedding linkage may be applied to the highlighting of points

on the diagram 900, possibly leading to fewer such points.

The diagram 900 is particularly useful when comparing patent documents. These
documents normally have a predetermined structure and, for example, may contain

one or more of the following sections in a predetermined order: background,
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summary, detailed description, claims, and other sections. Therefore, where two
documents are similar such that the corresponding sections include or are associated
with some identical or similar concepts, the highlighted points on the diagram 900
may approximate a linear pattern. The highlighted points on the example diagram
900 could be in a generally linear arrangement as indicated by the dotted line 902,
which may or may not appear on the diagram. Here, the term “linear” should be
interpreted to mean that for a highlighted point, the distance from one of the axes
tends to increase along with the distance from the other axis, although not necessarily

in a linear manner.

Alternatively, there may occur other structures: As shown in diagram 900 all axes
may be subdivided according to the document structure, meaning in several parts.
Dotted line 904 divides the Y-axis, dotted line 906 divides the X-axis. In a patent
document, for instance, such parts are the description and the claims. With the
method described in this patent it is now possible to analyse the similarities between
the parts within a document and between parts of different documents. As shown in
diagram 900, a lot of the concepts both of the description and the claim part of
document i is similar to a lot of the concepts of the description part of document j, but
only a few to the claim part of document j. This may indicate that document j is a
following document to document i. Other implications may also be obtained by this

kind of analysis.

In the above description, a document is referred to as a single entity. However, a
document may instead comprise multiple documents combined, or a portion of one or
more documents. Where two documents are compared, this may be a comparison of

two portions from the same document.

Concepts are determined in the above description for the documents being compared.
However, in embodiments of the invention these concepts could be determined for a
document every time the document is to be used in a comparison, or the concepts may

be predetermined and retrieved when required.

Figure 10 shows an example of a data processing system 1000 that is suitable for use

when implementing embodiments of the invention. The data processing system 1000
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includes a central processing unit (CPU) 1002 and a main memory 1004. The system
1000 may also include a permanent storage device 1006, such as a hard disk, and/or a
communications device 1008 such as a network interface controller (NIC). The

system 1000 may also include a display device 1010 and/or an input device 1012 such

as a mouse and/or keyboard.

The method according to the present invention may be embodied by software and/or

hardwired processing means.

The documents to which the present invention is applicable may be input as linguistic
data (texts), for example ASCII data in the .csv format. Inputting the data in the .csv
format is particularly advantageous if the processed documents are patents which may
include a different number of concepts in each patent, thus avoiding empty fields in a

relational database, for example.

The output of the comparison results in accordance with the present invention may be
represented by data in a database, particularly a relational database, for example in the
.mdb or .assdb format. This enables a speedy processing of the obtained comparison

results.

All of the features disclosed in this specification (including any accompanying claims,
abstract and drawings), and/or all of the steps of any method or process so disclosed,
may be combined in any combination, except combinations where at least some of

such features and/or steps are mutually exclusive.

Each feature disclosed in this specification (including any accompanying claims,
abstract and drawings) may be replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated otherwise. Thus, unless
expressly stated otherwise, each feature disclosed is one example only of a generic

series of equivalent or similar features.

Embodiments of the invention are not restricted to the details of any foregoing
embodiments. Embodiments of the invention extend to any novel one, or any novel

combination, of the features disclosed in this specification (including any
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accompanying claims, abstract and drawings), or to any novel one, or any novel
combination, of the steps of any method or process so disclosed. The claims should
not be construed to cover merely the foregoing embodiments, but also any

embodiments that fall within the scope of the claims.
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CLAIMS

1. A method of comparing first and second documents, the method comprising:
determining criteria of the comparison;
selecting comparison means based on the criteria from a plurality of
comparison means; and
performing the comparison of the first and second documents by using the

selected comparison means.

2. A method as claimed in claim 1, wherein using the selected comparison means
comprises applying the selected comparison means to first properties of the first

document and second properties of the second document.

3. A method as claimed in claim 2, wherein the comparison means includes
property determining means for determining the first and second properties, and the
method comprises determining the first and second properties using the property

determining means.

4. A method as claimed in claim 3, wherein the properties include properties of

concepts in the first and/or second documents.

5. A method as claimed in claim 4, wherein the property determining means
comprises a plurality of rules each for determining a number of unique and/or
repeated concepts in the first and/or second document and/or a number of concepts
common to the first and second documents, and wherein selecting the comparison

means comprises selecting one of the plurality of rules.

6. A method as claimed in claim 4 or 5, comprising determining the concepts in

the first and/or second documents.

7. A method as claimed in any of claims 2 to 6, wherein selecting the comparison
means comprises selecting at least one of a plurality of document comparison
formulae each of which provide a measure of similarity of the first and second

documents from the first and second properties.
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8. A method as claimed in claim 7, wherein the selected at least one document
comparison formula comprises at least one of a Jaccard, double-single-sided (DSS)-
Jaccard, cosine, inclusion, DSS-inclusion and DSS-gamma-inclusion document

comparison formulae.

9. A method as claimed in any of the preceding claims, wherein the criteria of the
comparison comprise one or more of a purpose of the comparison, an importance of
considering duplicate concepts in each of the first and second documents, a
distribution of the duplicate concepts and a size distribution of a plurality of

documents that include the first and second documents.

10. A method of comparing first and second documents, the first document
including or associated with one or more first concepts, the second document
including or associated with one or more second concepts, the method comprising
displaying a diagram having first and second axes, the first axis corresponding to
positions of the first concepts within the first document, the second axis
corresponding to positions of the second concepts within the second document, the
method further comprising displaying or highlighting one or more points on the
diagram, each point at a position on the first axis corresponding to a first one of the
concepts in the first document and on the second axis corresponding to a second one
of the concepts in the second document, whereby the first concept is identical or

similar to the second concept.

11. A method as claimed in claim 10, further comprising: subdividing the axes
according to a common structure of the first and second documents, the common
structure representative of at least two separable portions of each of the documents,
thereby displaying or highlighting occurrences of concepts in one portion of the first

documents identical or similar to concepts in another portion of the second document.

12. Apparatus arranged to implement the method as claimed in any of claims 1 to

11.
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13. Apparatus as claimed in claim 12, wherein the apparatus comprises a data

processing system.

14. A computer program comprising code for implementing a method as claimed

in any of claims 1 to 11.

15. Computer readable storage storing a computer program as claimed in claim

14.
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