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METHOD AND SYSTEM FOR DETERMINING SIMILARITY OF OBJECTS
'BASED ON HETEROGENEQUS RELATIONSHIPS

ABSTRACT OF THE DISCLOSURE

A method and system for measuring the similarity of objects based on
relationships with objects of the same type and different types and similarities of
those objects to other objects is provided. In one embodiment, the similarity
system defines intra-type and inter-type similarity functions for each type of object.
The similarity system may combine the intra-type and intér-type similarity
functions for a certain type into an overall similarity function for that type. After
defining the similarity functions, the similarity system collects attribute values for
the objects, which may include relationship data between objects of the same
type, referred to as intra-type relationships, and relationships between objects of
different types, referred to as inter-type relationships. After collecting the attribute
values for the objects, the similarity system solves the intra-type and inter-type

similarity functions by iteratively calculating the similarities for the objects until the
similarities converge on a solution.
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EXPRESS MAIL NO. EV336674965US

METHOD AND SYSTEM FOR DETERMINING SIMILARITY OF OBJECTS
BASED ON HETEROGENEOUS RELATIONSHIPS

TECHNICAL FIELD

The described technology relates generally to determining the similarity of

objects and particularly to determining the similarity based on object relationships.

BACKGROUND

Many search engine services, such as Google and Overture, provide for
searching for information that is accessible via the Internet. These search engine
services allow users to search for display pages, such as web pages, that may be
of interest to users. After a user submits a search request (also referred to as a
"query"™) that includes search terms, the search engine service identifies web
pages that may be related to those search terms. To quickly identify related web
pages, a search enginesewice may maintain a mapping of keywords to web
pages. The search engine service may generate this mapping by "crawling” the
web (i.e., the World Wide Web) to extract the keywords of each web page. To
crawl the web, a search engine service may use a list of root web pages and
identify all web pages that are accessible through those root web pages. The
keywords of 'any particular web page can be extracted using various well-known
information retrieval techniques, such as identifying the words of‘a headline, the
words supplied in the metadata of the web page, the words that are highlighted,
and so on. The search engine service may calculate a relevance score that
Indicates how relevant each web page is to the search request based on the
closeness of each match, web page popularity (e.g., Google's PageRank), and so
on. The search engine service then displays to the user the links to those web
pages in an order that is based on their relevance. Search engines may more

generally provide searching for information in any collection of documents. For
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example, the collections of documents could include all U.S. patents, all federal
court'opinions,' all archived documents of a company, and S0 on.

The search engine services may need to measure the similarity between
various objects such as web pages or queries. For example, a search engine
service may allow for interactive query expansion, which requires a similarity
calculation between query terms and other terms. As another example, a search
engine service may want to group web pages into clusters of similar web pages to
assist a user in navigating through the web pages. Typical algorithms for
determining the similarity of objects génerally use a feature vector relating to the

~objects and then calculate the distance between the feature vectors as an

indication of similarity. For example, web pages may have features that include
keywords, content, and so on that are used to calculate the similarity. Most
algorithms rely solely on the features associated with the objects when
determining similarity. For example, the similarity between web pages may be
based solely on the content of the web pages. A few algorithms, however, factor
in features that are based on heterogen'eous objects. For example, one algorithm
uses click-through data in which queries are similar if they contain the same terms
or lead to selection of the same web page by users. Thus, the feature vector for
such queries would include information on web pages of the query result that were
selected by users.

These techniques, however, when calculating the similarity between objects
of a type fail to take into consideration the similarity among objects of another type
that may be related. That is, the similarity' measurements for objects of a type
may be related to the similarity measurements for objects of another type. For

- example, a query may be similar to another query based, in part, on the similarity

between the web pages of the results which users select or click through.

Conversely, web pages may be similar to another based, in part, on the similarity
between the queries that return the web pages in their results. It would be

desirable to have a technique for measuring the similarity of objects that factors in
relationships between heterogeneous objects.

[41826-8036-000000-US00/SL041320.174] -2- 5/14/04
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SUMMARY

A method and system for measuring the similarity of objects based on
relationships with objects of the same type and different types and similarities of
those objects to other objects is provided. In one embodiment, the similarity
system defines intra-type and inter-type similarity functions for each type of object.
The similarity system may combine the intra-type and inter-type similarity
functions for a certain type into an overall similarity function for that type. After
defining the similarity functions, the similarity system collects attribute values for
the objects, which may include relationship data between objects of the same
type, referred to as intra-type relationships, and relationships between objects of
different types, referred to as inter-type relationships. After collecting the attribute
values for the objects, the similarity system solves the intra-type and inter-type

similarity functions by iteratively calculating the similarities for the objects until the
similarities converge on a solution.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram that illustrates components of the similarity
system in one embodiment.

Figure 2 is a flow diagram that illustrates the processing of the define
similarity functions component in one embodiment.

Figure 3 is a flow diagram that illustrates the processing of the establish
relationships component in one embodiment.

Figure' 4 is a flow diagram that illustrates the processing of the solve
similarity functions component in one embodiment.

Figure 5 is a flow diagram that illustrates the processing of the calculate
similarities functions component in one embodiment.

DETAILED DESCRIPTION

A method and system for measuring the similarity of objects based on
relationships with objects of the same type and different types and similarities of
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those objects to other objects Is provided. In one embodiment, the similarity
syétem defines intra-type and inter-type similarity functions for each type of object.
An Intra-type similarity function measures the similarity between objects of the
same type. For example, an intra-type similarity function between queries may be
based on how closely the search terms of the queries match up based on an
attribute of the users who submit the queries. An intra-type similarity between
objects may also be dependent on the similarity of other objects of the same type.
For example, two queries may be more similar to each other if they each have a
high similarity to a third query. Such intra-type similarity between objects that is
based on the similarity between other objects defines a recursive function. An
inter-type similarity function measures the similarity between two objects of one
type based on attributes, including similarity, of objects of another type. For
example, fwo queries may be more similar if a web page of one query's result that
users click through is similar to a web page of the other query's resuit that users
click through. The similarity of the objects of the other type may aiso be
dependent on the similarity to the objects of the one type. Moreover, since the
similarity of objects of one type can be dependent on the similarity of objects of
another type, and vice versa, the inter-type similarity functions are recursive
between different types. '

A type of object may have various similarity definitions defined for its
objects based on different attributes of the objects. For example, a web page may
have an intra-type similarity that is based on the content of the web pages and
another intra-type similarity based on links between web pages. The similarity
system may combine the intra-type and inter-type similarity functions for a certain
type into an overall similarity function for that type. In one embodiment, the
similarity system combines the intra-type and inter-type similarity functions by a

linear equation with weights applied to each intra-type and inter-type similarity
function based on its perceived accuracy in representing the overall similarity

between objects of that type. For example, an intra-type similarity function with

high accuracy may be given a high weight, and an Intra-type similarity function
with low accuracy may be given a low weight.

[41826-8036-000000-USQ0/SL041320.174] -4 5/14/04
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After defining the similarity functions, the similarity system collects attribute
values for the objects, which may include relationship data between objects of the
same type, referred to as intra-type relationships, and relationships between
objects of different types, referred to as inter-type relationships. For example, a
web page may have non-relationship-based attribute values corresponding to the
keywords of the web page. A web page may also have an intra-type relationship
based on incoming and outgoing links between web pages. A web page may

- have an inter-type relationship with queries based on click throughs from query

results to web pages.

After collecting the attribute values for the objects, the similarity system
solves the intra-type and inter-type similarity functions by iteratively calculating the
similarities for the objects until the similarities converge on a solution. The
similarity system uses an iterative approach because of the recursive nature of the
similarity functions. The similarity system starts off with the similarities initialized

~ and then calculates the similarity function for each type of object based on the

initial similarities to give new similarities. The similarity system measures the
difference between the new similarities and the old similarities to determine if the
similarities have converged on a solution. If so, the new similarities represent the
solution. If not, the similarity system repeats the process with the new similarities
becoming the old similarities. The similarity system thus calculates the similarities
of objects of one type based on the similarities of objects of another type and
based on relationships between the objects of the different types. '
In the following, an example of the processing of the similarity system in the
context of a search engine iIs provided. The similarity system models objects
(e.g., web pages and queries) and relationships (e.g., incoming links and click
throughs) used by a search engine as a directed graph G =(V,E) where nodes V

represent objects of the search engine and edges E represent relationships
between the objects. The nodes V can be divided into two subsets

0=1{4'.4".....q"} and P={p', p*,..., p"} where Q represents the queries and P

represents the web pages. The relationships among these web pages and

queries may include an incoming link relationship (ZL), an outgoing link
[41826-8036-000000-US00/SL041320.174] ~5- 5/14/04
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relationship (OL), and a click-through relationship (CT). For a node v in a graph,

M, (v) represents the set of the adjacent nodes that have the relationship R with
node v. For example, M, (v) represents the set of the web pages that are the

source of incoming links to web page v. M} (v) denotes the i web page in the

set. The similarity system uses a similarity matrix S to represent the similarity

between objects, and S|a, b} represents the similarity between the objects a and

b.

The similarity system is based on a principle that objects of one type are
similar based, in part, on the similarity of interrelated objects of another type. |If
two objects of one type have a relationShip with the same object of another type,
then the two objects are similar to an extent. Also, if two objects of the same type
have a relationship to two different, but similar, objects of another type, then the

two objects are similar to an extent. The similarity system represents this principle
with the following equations:

- C M (a)|M, (b) .i ,-
Solabl= ey & & S Ma(@): M2 (0)] (1)

where S, represents the similarity between objects a and 5 of type O, S,

represents the similarity between objects i and j of another type, R represents
the inter-type relationship that the similarity is based on, and C is a weight factor.

If a is equalto b, then S, [a,b] Is defined to be 1, that is, the similarity between

an object and itself defines the maximal similarity of 1. If a and 5 are both

related to the same object 4 in 0,, then S, | 4, 4] is 1, which gives the maximum

contribution to S, [a,b]. If either a or b does not have any neighbors, that is, no
relationship to an object in O,, then |M, (a)| or |M,(b) would be equal to zero. In

such a case, the similarity system sets §, |a,b] to zero, preventing division by

zero. As an example, assume that O, contains objects a and b, that O, contains

objects 4, B, and C, and that a is related to 4 and B and 5 is related to B and

[41826-8036-000000-US00/S5L041320.174] -0- | 5/14/04
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C. IfS,|4,B]is.7, S, [B,C] is .7, and S,, | B,C] is .49 and the weighting factor
is .7, then, by applying Equation 1, So [a,b] is .5 (e.g., . 714~ (.7 + .49 + 1.0 +.7)).

The similarity system defines the overall similarity of a type of objects
based on a combination of similarities derived from the intra-type similarity
functions and the inter-type similarity functions. In one embodiment, the similarity
system uses a linear combination of the similarities of the intra-type similarity

functions and the inter..-typ'e'_ similarity functions as represented by the following
equation:

S[a,b]= @S,y [a,B]+ BS,er [0:5] (2)

where S, and S, represent the similarities derived from intra-type similarity

functions and the inter-type similarity functions and ¢ and £ are weights for the
similarities with o+ f =1. By assigning different values to o and £, the similarity

system can adjust the contributions of different similarity functions to the overall
similarity. As described above, Equation 2 can be defined recursively since the
similarity of one object can jbe defined based on the similarity of another object,
which can be in turn deﬁned based on the similarity of the one object. In one

embodiment, the similarity system solves the similarity functions iteratively by

calculating the similarities until they converge (i.e., |S'-S"'l<g, where ¢ is a

J

difference threshold).

In the search engine context, the similarity system may use only the
content of a query to define the intra-type similarity function. The intra-type
similarity function based on content may be defined by the following equation:

- lKeyword (a) N Keyword (b)|
“wkkywonJG;ﬁJjﬁawvnd@ﬂ)

Soc|a,b]

(3)

|
where a and b are queries and S,. is the content similarity matrix of the queries

“based on content. As an example, when queries a and 5 have two search terms

(or keywords) with one keyword in common, then their similarity value would be
.33 (l.e., 1/3). The similarity system may define the inter-type similarity function for

[41826-8036-000000-US00/51.041320.174] -/- 5/14/04
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a guery based on a click-through relaﬁonship to web pages by the following
equation:
C iMcr(“)|Wcr(b)l

Mo O Srer | Mer (@) Mer (b (4)
iMCT(a “Mcr(b l ; =1 [ ( )]

Socr [a bl=

where S,., represents the similarity matrix of the queries based on click throughs,
S,-r represents the similarity matrix of the web pages based on click throughs,
M., (a) represents the click throughs from query a to web pages that are

identified from query logs, and C., is a weighting factor. The similarity system

combines Equations (3) and (4) into an overall similarity function for queries that is
represented by the following equation:

Syla.b]=aS,c|a,b]+ BS,cr|a,b] . (5)
where S, represents the overall similarity matrix of the queries.

The similarity system represents the similarity of web pages based on intra-
type relationships of incoming links and outgoing links and an inter-type
relationship with queries that result in click throughs to the web pages. The
similarity system defines an intra-type similarity function based on an incoming link
relationship to reflect that two web pages may be similar when they are linked to
by the same web page (or similar web pages). The similarity system also defines
an inter-type similarity function based on an outgoing link relationship to reflect
that two web pages may be similar when they link to the same web page (or to
similar web pages). The similarity system represents the intra-type similarity

functions for web pages based on outgoing and incoming link relationships by the
following equations:

- C, Mg, (A)|Mo(B) : ;
Sl Bl 5] 2 & | Mo, (4), M, (B) ] ©6)
C M. (4) ”M!L(B j
AP i & % Sl ()04 0), ™

where 4 and B represent web pages, C,, and C, represent the weighting

factors, S, and S, are the similarity matrices based on outgoing and incoming

[41826-8036-000000-US00/SL041320.174) -8- 5/14/04
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links, M,, (4) represents the destination web pages of outgoing links from web

page 4, and M, (A4) represents the source of the web pages of the incoming

links to web page 4. The similarity system represents the inter-type similarity
function for web pages based on the click-through relationship by the following
equation:

C., Mor(4)[Mcr(B)

S 3 Sper|Mér(4), M (B)] (8)

Spcr [4, B] = Sl
rer [ 4:B] M, (A)|M (B) A i3

where M. (A) represents the queries that users click through to access web
page A. Since Equation 8 is defined in terms of Equation 4 (i.e., Socr ), and vice

versa, the pair of equations defines a recursive function. The similarity system
defines the overall similarity function for web pages as the linear combination of

the intra-type similarity functions and the inter-type similarity functions, which is

represented by the following equation:

S,|4,Bl=a'S,, |4, B+ B'S, | 4, B+ ¥'S;cr | 4, B] (9)
where S, represents the similarity matrix for web pages, and «', B', and ' are
weights-where a+ B +y =1

The similarity system thus uses a unified framework to integrate
heterogeneous objects and their inter-type relationships.  Since the overall
similarity functions are recursive, the similarity system solves the similarity
functions simultaneously and iteratively. The similarity functions are' represented
by the following equations:

S, [ab]= Keyword (a) N Keyword (b)
L™ Keyword (@) Keyword (b)
c. Mo (fMer®) .
Sgcr [a, b] = NI 2. 2 Sp [MCL (a)aMéL (b)]

- |M or (a)“Mm =l j=l

S,|a,b]= asS,:la,b]+ BS,cr la,b]

| - Cppe Moy (A)|Mor(B)

S, [A,B]:MM;(B] > ,Zl S, | My, (4),M5,(B)]  (10)

[41826-8036-000000-US00/SL041320.174) -9~ 5/14/04
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S04 8= — MV s ) ag (8)]
M (@ (B) = LT

- C pcr (a)fpcr (B) ,, N
Sper |4, B = T 2 L SQ[MCT(A)’MéT(B)J

IMCT (A)IlET (Eﬂ =t JE

Sy |4,Bl=a'Sy, [A4,Bl+ B'S, |4, B+ ¥'Spcr | 4, B]
as defined above. As can be seen in Equations 10, the inter-type similarity
between any two queries is affected by the similarity of web pages, both intra-type

and inter-type similarity. Since the inter-type similarity between web pages is
affected by the similarity of queries, both intra-type and inter-type, Equations 10

define recursive relationships. Thus, the similarities of web pages and queries

mutually spread to each other and converge to a stable state.

Figure 1 is a block diagram that illustrates components of the similarity
system in one embodiment. Web sites 101 are connected via communications
link 102 to the similarity system 110. The similarity system includes a calculate
similarities component 111, a define similarity functions component 112, an
establish relationships component 113, and a solve similarity functions component
114. The calculate sim-ilarities component calculates the similarities between
objects based on inter-type relationships and similarities of other types of objects.
The calculate similarities component invokes the define similarity functions
component, the establish ‘felationehips component, and the solve similarity
functions component. The define similarity functions component may interact with
a user to define the types of objects, the relationships between the objects, and
the various similarity functions for each type of object. The establish relationships
component generates the relationship data based on collected data. For
example, the collected data may include queries, web pages of the query results,
and query logs. The solve similarity functions component iteratively calculates the
defined similarity functions to generate updated similarity matrices until the

similarities of the similarity matrices converge on a solution.
The computing device on which the similarity system is implemented may
include a central processing unit, memory, input devices (e.g., keyboard and

pointing devices), output devices (e.g., display devices), and storage devices (e.g.,

[41826-8036-000000-US00/51.041320.174) -10- 5/14/04
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disk drives). The memory and storage devices are computer-readable media that
may contain instructions that implement the similarity system. In addition, the
data structures and message structures may be stored or transmitted via a data
transmission medium, such as a signal on a communications link. Various
communications links may be used, such as the Internet, a local area network, a
wide area network, or a point-to-point dial-up connection.

' The similarity system may be implemented in various operating
environments.  Various well-known computing systems, environments, and
configurations that may be suitable for use include personal computers, server
computers, hand-held or Iaptop devices, multiprocessor systems, microprocessor-
based systems, programmable consumer electronics, network PCs,
minicomputers, mainframe computers, distributed computing environments that
include any of the above systems or devices, and the like. ’

The similarity system may be described in the general context of computer-
executable instructions, such as program modules, executed by one or more
computers or other devices. Generally, program modules include routines,
programs, objects, components, data structures, and so on that perform particular
tasks or implement particular abstract data types. Typically, the functionality of
the program modules may be combined or distributed as desired in various
embodiments. ,

Figure 2 is a flow diagram that illustrates the processing of the define
similarity functions component in one embodiment. In blocks 201-209. the
component loops selecting each type of object and defining intra-type and inter-
type similarity functions for objects of that type. In one embodiment, the
component may interact with the user to define the intra-type and inter-type
relationships between objécts. The component may also define similarity
functions that are not based recursively on the similarity between objects, such as
similarity based search terms of a query. In block 201, the component selects the
next type of object. In decision block 202, if all the types of objects have already
been selected, then the component returns, else the component continues at

block 203. In block 203, the component selects the next intra-type relationship for

[41826-8036-000000-US00/SL041320.174] -11- 5/14/04
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the selected type. In decision block 204 if all the intra-type relationships have
already been selected, then the component continues at block 206, else the
component continues at block 205. In biock 205, the component defines an intra-
type similarity function for the selected type and relationship. The component
then loops to block 203 to select the next intra-type relationship. In block 206, the
component selects the next inter-type relationship for the selected type. In
decision block 207, if all the inter-type relationships'have already been selecteq,
then the component continues at block 209, else the component continues at
block 208. In block 208, the component defines the inter-type similarity function
for the selected type and relationship. The component then loops to block 206 to
select the next inter-type relationship. In block 209, the component defines the
overall similarity function by combining the defined intra-type similarity functions
and inter-type similarity functions for the selected type. The component may
apply weighting factors to each of the combined similarity functions. The
component then loops to block 201 to select the next type of object.

Figure 3 is a flow diagram that illustrates the processing of the establish
relationships component in one embodiment. The component processes the
collected data and generates the relationship data. In blocks 301-308, the
component loops selecting each type of object and generating the relationship
data for that type of object. In block 301, the component selects the next type of
object. In decision block 302, if all the types have already been selected, then the
component returns, else the component continues at block 303. In block 303, the
component selects the next intra-type ’r_elationship for the selected type. In
decision block 304, if all the intra-type relationships have already been selected,
then the component continues at block 306, else the component continues at
block 305. In block 305, the component sets the elements of the relationship data
for the selected type and selected intra-type relationship. The component then
loops to block 303 to select the next intra-type relationship. In block 3086, the
component selects the next inter-type relationship for the selected type. In
decision block 307, if all the inter-type relationships have already been selected,

then the component loops to block 301 to select the next type of object, else the
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component continues at block 308. In block 308, the component sets the
elements of the relationship data for the selected type and selected inter-
reilationship type. The compbnent.then loops to block 306 to select the next inter-
type relationship for the selected type.

Figure 4 is a flow d‘-iagram that illustrates the processing of the solve
similarity functions component in one embodiment. In block 401, the component
initializes the similarity matrices. For example, the component may set the
similarity values of the diagonals to one to indicate maximal similarity and the
other similarity values to random numbers. In block 402, the component sets a
difference value to a very large number so that at least one iteration is performed.
In biocks 403-408, the component loops calculating the overall similarity functions
for multiple iterations to update the similarity matrices until the similarity values
converge on a solution. In block 403, the component selects the next iteration. In
decision block 404, if the sum of the difference values for the similarities of the
types is less than a threshold difference, then the solution has converged and the
component returns, else the component continues at block 405. In block 405, the
component selects the next type of object. In decision block 4086, if all the types
have already been selected, then the component cdntinues at block 408, else the
component continues at block 407. In block 407, the component calculates the
similarity function fbr the selected type to update the similarity matrix for the
selected type and then loops to block 405 to select the next type. In block 408,
the component calculates the difference between the similarity values of this
iteration and the similarity values of the previous iteration for the selected type.
The component then loops to block 403 to start the next iteration. )

Figure 5 is a flow diagram that illustrates the processing of the calculate
similarities component in ohe embodiment. The component is passed a type of
object and updates the similarity matrices for that type. In block 501, the
component selects the next intra-type similarity function for the passed type. In
decision block 502, if all the intra-type similarity functions have already been
selected, then the component continues at block 504, else the component

continues at block 503. In block 503, the component calculates a new similarity
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value for each object of the passed type. The component then loops to block 501
to select the next intra-type similarity function. In block 504, the component
selects the next inter-type similarity function for the passed type. Ih decision block
505, if all the inter-type similarity functions have already been selected, then the
component continues at block 507, else the component continues at block 506. In
block 506, the component calculates the new similarity values for each object of
the passed type using the selected inter-type similarity function. The component
then loops to block 504 to sélect the next inter-type similarity function. In block
507, the component combinés the matrices using weights to generate an overall
similarity for the passed type for the current iteration. The component then
returns. ' \

One skilled in the art will appreciate that although specific embodiments of
the similarity system have been described herein for purposes of illustration,
various modifications may be made without deviating from the spirit and scope of

the invention. Accordingly, the invention is not limited except by the appended
claims.
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CLAIMS

I/We claim:

[c1] 1. A method in a computer system for generating measurements of
similarity between objects, éach object having one of a plurality of types, a type
having an intra-type relationShip, a pair of types having an inter-type relationship,
the method comprising:

for each type,
when the similarity of that type is based on an intra-type relationship,
providing an intra-type similarity function for each such
relationship that measures the similarity between objects of
that type,;
when the similarity of that type is based on an inter-type relationship,
providing an inter-type similarity function for each such
relationShip that measures the similarity between objects of
that type based on the similarity of objects of another type;
and .
providing a similarity function that measures the similarity between
objebts of that type based on any intra-type similarity
functions and any inter-type similarity functions for that type;
and
for each relationship, providing data that defines that relationship between
objects associated with that relationship; and
simultaneously solving the provided similarity functions based on the
relationships defined by the provided data.

[c2] 2. The method of claim 1 wherein an intra-type similarity function for a
type is defined recursively based on the similarity function of that type.
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3. The method of claim 1 wherein an inter-type similarity function for a
type is defined recursively based on the similarity function of another type.

4. The method of claim 1 wherein the similarity function for a type is a
linear combination of intra-type and inter-type similarity functions for that type.

S. The method of claim 4 wherein each intra-type and inter-type
similarity function is given a weight.

6. The method of claim 5 wherein the weights for the intra-type and
inter-type similarity functions for that type sum to one.

7. The method of claim 1 wherein the similarity functions are solved by
iteratively calculating similarities for the objects based on the similarity functions.

8. The method of claim 7 wherein the similarity functions are solved

when a difference measure, based on the similarities from one iteration to a next
iteration, converges.

9. The method of claim 7 wherein the similarity functions are solved
when a difference measure, based on the similarities from one iteration to a next
iteration, is less than a 'threshold difference.

10. The method of claim 1 wherein the types of objects include web

pages and queries, and an inter-type relationship between a query and a web
page is based on click throughs from a query to a web page.

11. The method of claim 1 wherein the types of objects include web
pages and queries, intra-type relationships for web pages are based on incoming
and outgoing links, and an. inter-type relationship 'between a web page and a
query is based on click throughs from a query to a web page.

[41826-8036-000000-US00/SL041320.174] -16- 5/14/04
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12. A computer-readable medium c'ontaining instructions for controlling a
computer system to genérate-measurements of similarity between objects, each
object having one of a plurality of types, by a method comprising:

providing a similarity function for each type that' measures the similarity

between objects of that type based on intra-type similarities between
objects of that type when an intra-type similarity is defined for that
type and inter-type similarity between objects of that type based on
the similarity‘of objects of another type when an inter-type similarity
is defined for that type;

for each relationship, providing data that defines that relationship between

objects associated with that relationship; and

solving the provided similarity functions based on the relationships defined
by the provided data.

13. The computer-readable medium of claim 12 wherein the similarity
functions define a set of linear equations.

14. The computer-readable medium of claim 12 wherein a similarity
function is defined recursively based on the similarities of objects of a different

type.

15. The computer-readable medium of claim 12 wherein a similarity

function is defined recursively based on similarities of objects of that type for
different relationships.

16. The computer-readable medium of claim 12 wherein the similarity

function for a type is a linear combination of intra-type and inter-type similarities
for that type.

17. The computer-readable medium of claim 16 wherein each intra-type
and inter-type similarity is given a weight.
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[c18] 18. The computer-ireadable medium of claim 17 wherein the weights' for
the intra-type and inter-type similarities for that type sum to one. ‘

[c19] 19. The computer-readable medium of claim 12 wherein the similarity
functions are solved by iterstively calculating similarities for the objects based on
the similarity functions.

[c20) 20. The computer-readable medium of claim 19 wherein the similarity
functions are solved when a difference measure based on the similarities from

one iteration to a next iteration converges.

[c21] 21. The computer-readable medium of ciaim 19 wherein the similarity
functions are solved when a difference measure based on the similarities from
one Iferation to a next iteration is less than a threshold difference.

[c22] 22. A computer system for calculating a similarity score for objects, each
object having one of a plurality of types and each type having an inter-type
relationship with another type, the system comprising:

a component for eash type that implements a similarity function that
provides a similarity score for pairs of objects of that type based on
inter-type similarity between objects of that type and objects of
another type, the inter-type similarity being defined recursively based
on the similarity score for pairs of objects of the other type and inter-
type relationships between pairs of objects; and

a component that solves the similarity functions based on the inter-type
relationships defined for a set of objects by iteratively invoking the
components thst implement the similarity function until the similarity

scores converge.
[c23] 23.  The computer system of claim 22 wherein the similarity functions

define a set of linear equations.
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24.  The computer system of claim 22 wherein a type has an intra-type
relationship between objects of that type and wherein the similarity function is
further based on intra-type similarities between objects of that type based on intra-

type relationships between the objects.

25. The computer 'system of claim 24 wherein an intra-type similarity for

a type Is based on inter-type similarities between objects of that type and another
type.

26. The computer system of claim 24 wherein a similarity function is

defined recursively based on intra-type similarities of objects for different intra-type
relationships.

27. The computer system of claim 24 wherein the similarity function for a

type is a linear combination of intra-type and inter-type similarity functions for that
type.

28. The computer system of claim 27 wherein each intra-type and inter-
type similarity function is given a weight.

29.  The computer system of claim 28 wherein the weights for the intra-

type and inter-type similarity functions for that type sum to one.

30. The computer system of claim 22 wherein the similarity scores
converge when a diﬁerence; measure based on the similarities from one iteration
to a next iteration is less than a difference threshold.

31.  The computer system of claim 22 wherein the similarity functions are
solved when a difference measure based on the similarities from one iteration fo a
next iteration is less than a threshold difference.
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32. A method in a computer system for calculating similarity between
objects, the method comprising:

identifying relationships between objects of different types;

defining the similarity between objects of a type based on the similarity
between objects of another type that have an identified relationship
with the objects of the type;

receiving data specifying the relationships between the objects of the type
and the other type; and

calculating the similarity petween objects of the type based on the definition

of the simiiarity and the specified relationships.

33. The method of claim 32 wherein the defining of the similarity
includes defining an overall similarity that may be based on intra-type and inter-

type similarities.

34. The method of claim 32 wherein the similarity between objects of the

type and the similarity between objects of the other type are defined recursively.

35. The method of claim 34 wherein the calculating includes iteratively
calculating the similarities for the objects of the type and the objects of the other

type until the similarities converge on a solution.

36. The method of claim 32 wherein the similarities for objects are
defined by a linear equation for each type.

37. The method of claim 36 wherein the calculating solves the linear
equations simultaneously.

Smart & Biggar
Ottawa, Canada
Patent Agents
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