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A method and system for ranking objects based on relationships with objects of a different object type Is provided. The ranking
system defines an equation for each attribute of each type of object. The equations define the attribute values and are based on
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relationships between the attribute and the attributes associated with the same type of object and different types of objects. The

ranking system iteratively calculates the attribute values for the objects using the equations until the attribute values converge on a
solution. The ranking system then ranks objects based on attribute values.
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METHOD AND SYSTEM FOR RANKING OBJECTS BASED ON INTRA-TYPE
AND INTER-TYPE RELATIONSHIPS

ABSTRACT OF THE DISCLOSURE

A method and system for ranking objects based on relationships with
objects of a different object type is provided. The ranking system defines an
equation for each attribute of each type of object. The equations define the
attribute values and are based on relationships between the attribute and the
attributes associated with the same type of object and different types of objects.
The ranking system iteratively calculates the attribute values for the objects using
the equations until the attribute values converge on a solution. The ranking

system then ranks objects based on attribute values.
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EXPRESS MAIL NO. EV336674930US

METHOD AND SYSTEM FOR RANKING OBJECTS BASED ON INTRA-TYPE
AND INTER-TYPE RELATIONSHIPS

TECHNICAL FIELD

The described technology relates generally to ranking of objects and
particularly to ranking 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 engine service 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
iIndicates 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 so on.

Two well-known techniques for ranking web pages are PageRank and HITS
("Hyperlinked-Induced Topic Search”). PageRank is based on the principle that
web pages will have links to (i.e., "outgoing links") important web pages. Thus,
the importance of a web page is based on the number and importance of other
web pages that link to that web page (i.e., "incoming links"). In a simple form, the

links between web pages can be represented by matrix 4, where 4, represents

the number of outgoing links from web page i to web page j. The importance

score w; for web page ;j can be represented by the following equation:
w, =2, AW,
This equation can be solved by iterative calculations based on the following
equation:
A w=w
where w is the vector of importance scores for the web pages and is the principal

eigenvector of 4" .

The HITS technique is additionally based on the principle that a web page
that has many links to other important web pages may itself be important. Thus,
HITS divides "importance” of web pages into two related attributes: "hub" and
"authority." Hub is measured by the "authority” score of the web pages that a web
page links to, and "authority" is measured by the "hub" score of the web pages
that link to the web page. In contrast to PageRank, which calculates the
importance of web pages independently from the query, HITS -calculates
Importance based on the web pages of the result and web pages that are related
to the web pages of the result by following incoming and outgoing links. HITS
submits a query to a search engine service and uses the web pages of the results
as the initial set of web pages. HITS adds to the set those web pages that are the
destinations of incoming links and those web pages that are the sources of
outgoing links of the web pages of the result. HITS then calculates the authority

[41826-8037-USCG000/SL041340.110] ~2- 5/14/04
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~and hub score of each web page usnng an iterative algonthm The authonty and

hub scores can be represented by the followmg equatlons

a(p)= Z h(q) and . h(p) Ea(q)

P9

where a(p) represents the authority score for..web page p- and h(p)-represents_ "

" the hub score for web page y 2 HITS uses an adjacency matrix 4 to represent o

. the links. The adjacenoy matnx is represented by the followmg equatron

b =

Y

{1if page i has a link to page j,
0 other\wi-se

The vectors a and h correspond to the-authority and hub sCores,' res_pectively,.of_

- all web pages in the set and can be represented by the following equations:

Th and h=Aa

- Thus,” aand h are engenvectors of matrrces AT A and ‘44" . HITS m’av also be

'modlfled to factor in the populanty of a web page as measured by the number of |

visits. Based on an analysus of web logs, -b, of the adjacency matrix can be

, mcreased whenever a user travels from web page i to web . page j.

- . [oo05]

These web page ranklng techmques base their rankings pnmanly on

_attnbutes of the web pages themselves These attnbutes include links from one
“web page to another and travels from one web page to another. The rankmg B
- technlques fail -to factor in attnbutes that are not drrectly related to web pages.

"“'For example the importance of a web page mlght more accurately be determmed |

when the expertlse of users who access the web page IS factored in. It would be

-~ desrrable to have a techntque for calculatlng the 1mportance of web pages based

on attributes that are not dlrectly related to web pages. More generally, it would |

. be desirable to generate a score for an obJect of one type (e g., web pages) based
on relatlonshrps to objects of another type (e. g., users)
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SUMMARY

According to one aspect of the present invention, there Is provided a
method in a computer system for determining attribute values of attributes of objects,

the method comprising:
5 providing types, each type having a type-specific attribute;
identifying objects, each object associated with a type;
for each of the types,

identifying relationships for that type between the objects associated

with that type; and

10 identifying relationships for that type between an object associated with

that type and an object associated with other types;

for each of the types, calculating a value for the attribute of the object
based on the identified relationships using function for each type that calculates the

attribute value for that type, wherein the function is defined as
15 F=FR +> .FR,

‘Where F; represents the attribute value associated with
- object i, R; represents intra-type relationships between objects of the type of the
object i, and R; represents Inter-type relationships between objects of the type of the

object | and other types j;
20 storing the calculated values; and

ranking objects of a type based on their attribute values.

According to another aspect of the present invention, there is provided

a method In a computer system for determining attribute value of object, the method

comprising:
_4-
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providing a function that calculates attribute values for a type-specific
attribute for objects of a type based on relationships between objects of that type and
objects of another type that have another type-specific attribute, wherein the provided

function calculates the attribute values also based on relationships between objects

of that type and wherein the function is defined as
Fo=FR, + Z J‘#FjRﬂ

where F; represents the attribute value associated with
object I, R; represents intra-type relationships between objects of the type of the
object i and R represents inter-type relationships between objects of the type of the

object | and other types j;

receiving data specifying relationships between the objects of that type

and objects of the other type;

calculating the provided function to determine the attribute values of the

objects of that type;

storing the determined attribute values; and
ranking objects of a type based on their attribute values.

According to still another aspect of the present invention, there is
provided a computer-readable storage medium containing computer-executable
instructions that when executed by one or more processors implement a method for

controlling a computer system to determine attribute values of objects, the method

comprising:

providing a first function that calculates attribute values for a first type-
specific attribute for objects of a first type based on relationships between objects of
the first type and objects of a second type that have second type-specific attribute;



10

15

20

CA 02507337 2012-12-20

71570-22

providing a second function that calculates attribute values for the

second type-specific attribute for objects of the second type;

receiving data specifying relationships between the objects of the first

type and objects of the second type,;

calculating the provided functions that determines the attribute values of

the objects of the first type and the second type;

storing the determined attribute values wherein the functions are

defined as
r, = F;Ri T Z j;tiFjRji

where F; represents the attribute value associated with
object i, R; represents intra-type relationships between objects of the type of the

object i, and R;; represents inter-type relationships between objects of the type of the

object i and other types j; and
ranking objects of a type based on their attribute values.

According to yet another aspect of the present invention, there Is
provided a method in a computer system for determining attribute values of attributes

of objects, the method comprising:
providing types, each type having a type-specific attribute;
identifying objects, each object associated with a type;
for each of the types,

identifying relationships for that type between the objects associated

with that type; and

identifying relationships for that type between an object associated with

that type and an object associated with other types;
-4b-



10

15

20

25

CA 02507337 2012-12-20

71570-22

for each of the types, calculating a value for the attribute of the object

based on the identified relationships using a function for each type that calculates the
attribute value for that type, wherein the function is

_ T T
Wy =0y Ly Wy + Py, Z Ly Wy s
YN+M

storing the calculated values; and

ranking objects of a type based on their attribute values.

[0006] In another aspect, a method and system for ranking objects based on
relationships with objects of a different object type is provided. The ranking system
defines an equation for each attribute of each type of object. The equations define
the attribute values and are based on relationships between the attribute and the
attributes associated with the same type of object and different types of objects.
Since the attribute values may be inter-dependent that is one attribute may be
defined in terms of another attribute and vice versa, the equations represent a
recursive definition of the attributes. The ranking system iteratively calculates the
attribute values for the objects using the equations until the attribute values converge

on a solution. The ranking system then ranks objects based on attribute values.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 is a flow diagram that illustrates components of the ranking

system Iin one embodiment.

[0008] Figure 2 is a flow diagram that illustrates the processing of the rank

objects component in one embodiment.

[0009] Figure 3 is a flow diagram that illustrates the processing of the establish

relationships component in one embodiment.

[0010] Figure 4 is a flow diagram that illustrates the processing of the calculate

scores component in one embodiment.

-4¢-
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DETAILED DESCRIPTION

[0011] A method and system for ranking data objects of one data object type
based on relationships with data objects of the same or another data object type Is
provided. In one embodiment, the ranking system identifies data objects of various
5 data object types. For example, one data object type may be web pages, another

data object type may be queries, and another data object type may be users. Each
data object type may have various type-specific attributes. For example, a web page
may have an authority attribute, and a user may have an expertise attribute. The
authority attribute of the web page may be based on the number of incoming links of

10 that web page. The expertise attribute of a user may be increased when the user

accesses web pages that have high authority attribute

-44-
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values. The ranking system calculates attribute values for the data objects and
may rank the data objects based on their attribute values.

The ranking system defines "types" of objects such that each object
contains a single attribute. For example, the ranking system may define a type
corresponding to the authority attribute of a web page and another type
corresponding to the hub attribute of a web page. Thus, two types can represent
the same underlying data objects (e.g., web pages). The ranking system
determines various relationships between objects of the same type, referred to as
intra-type relationships, and between objects of different types, referred to as
inter-type relationships. For example, when a query is submitted, the ranking
system may use the results as the objects of the authority type and may use web
logs to identify users who have accessed those web pages as objects of the
expertise type. The intra-type relationships objects of the authority type may
include incoming link and outgoing link relationships of web pages. For example,
if a web page has a link to another web page, then that web page has an outgoing
link relationship to the other web page and the other web page has an incoming
link relationship to that web page. The inter-type relationships between object of
an authority type and an expertise type may be based on user access to web
pages. For example, if a user accesses a web page, then that web page and user
have an access relationship. The ranking system derives values for attributes for
objects of a certain type using intra-type relationships and using inter-type
relationships combined with the attribute values of objects of other types. For
example, the ranking system may use the incoming and outgoing link relationships
and the user access relationships to derive the authority and hub attributes of web
pages and the expertise attribute of users.

In one embodiment, the ranking system represents the relationships and
attributes using a set of equations, such as linear equations. The ranking system
represents the attribute values of each type using a linear equation that may be
recursively defined based on attribute values of another type. For example, a
linear equation for the authority attribute may be defined based on the attribute
values of the expertise attribute, and vice versa. Because the linear equations

[41826-8037-US0000/SL041340.110] -5- 5/14/04
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may be defined recursively, the ranking system solves the linear equations by
iteratively calculating the attribute values of each linear equation until the attribute
values converge on a solution. After solving the linear equations, the ranking
system may rank the data objects based on attribute values. For example, the
ranking system may rank web pages based on their authority attribute values.

The ranking system represents the attribute values for objects based on the
intra-type and inter-type relationships of the objects. The value of an attribute
may be represented by the following equation:

F, = FR + 2 F}Rj:’

J#i

where F, represents the attribute value associated with object i, R represents

i

the infra-type relationships between objects of the type of the object i, and R,

represents the inter-type relationships between objects of the type of the object i

and other types j. If there are two types of objects x={x,,x2,---xm} and

y={», ¥, ¥,}, then their intra-type relationships can be represented as R, and

R, and their inter-type relationships can be represented by R,, and R,,. The

ranking system uses adjacency matrices to represent the relationship information.

L, and L, represent the adjacency matrices of the intra-type relationships within

set X and Y, respectively. L,, and L, represent the adjacency matrix of inter-

type relationships from objects in X to objects in Y and the adjacency matrix of
inter-type relationships from objects in Y to objects in X, respectively. The

ranking system represents the adjacency matrix by the following:
1 if there 1s a relationship from object x,, to object y f

L)&’Y(la])z{

0 otherwise

where L, (i, /) indicates whether a relationship (also referred to as a "link") exists

from object i in set X to object j in set Y. The linear equations for the attribute
values can be represented as the following equations:
w,=Lw,+L _w,

_ T r
w,=Lw+L w

(1)

[41826-8037-US0000/SL041340.110] -6- 5/14/04
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where w, is the attribute vector of objects in X and w, is the attribute vector of

objects in Y. Equation 1 can be generalized to the following form:

Wy = LL Wy + VEM LYJ;IM Wy (2)

where M represents the matrix of attribute vectors.

Because mutually reinforcing relationships between objects may give
undue attribute values to objects, the ranking system may normalize the binary
adjacency matrices in such a way that if an object is related to » other objects in
one adjacency matrix, then each related-to object gets 1/n" of its attribute value.
The ranking system may also introduce the random surfer model of PageRank to
simulate random relationships and thus avoid sink nodes during computation as
described below. In addition, since attributes from different types may have
different importance to each other attribute, the ranking system may use weights
for each combination of types. Thus, the ranking system may factor in the
normalization, the random surfer model, and the weights to represent the attribute
values by the following equation:

where

o, +VA§M B, =L, >0 B, >0; (3)
L, =€eU+(1-¢€)L,,;0<e<];

Ly, =0,U+(1-8,)Ly,;0< 8, <1.

where U is a transition matrix of uniform transition probabilities (u, =1/n for all i,

J: where n is the total number of objects in data space N), L, and L,,, are

normalized adjacency matrices, 0 and & are smoothing factors used to simulate

random relationships in matrices L,, and L,,,, and «,, and f,, represent the

weights of the relationships. The ranking system iteratively calculates Equation 3

until it converges. Equation 3 can be represented by a unified square matrix 4
that is represented by the following equation:

(41826-8037-US0000/SL041340.110] -7- 5/14/04
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alLl' ﬂ12Ll’2 Y ﬂlnLl'n

puly L, - pB,L,
— 2]: 21 2:17 . 2 :LZ (4)
ﬁnll’;l ﬂnZ'L:tZ " anLr:

Matrix 4 has L, on the diagonal, and L,,, in other parts of the unified matrix.

A

The ranking system uses an iterative approach to transform the vector w, which is
the attribute vector of all the data objects in different data spaces, using matrix A4

(e.g., w=A4"w). When the iterations converge, vector w is the principal
eigenvector of matrix 4.

When M and N are heterogeneous data spaces, the ranking system uses
a random relationship to represent no relationship. When an object in M has no

linking relationship to any objects in N, then the sub-matrix L, will be zero and

will represent a "sink node" to which the calculations may assign all the attribute
value. To prevent this, the ranking system sets all the elements in the

corresponding row of the sub-matrix L;,,' to 1/n, where »n is the total number of

objects in data space N. Alternatively, the ranking system can set the

corresponding weights to 0 for undesired intra-type and inter-type relationships.

However, if ,, is greater than O, then S,,, needs to be greater than O if the

iterative calculations are to converge. Thus, if the relationship of L, s

undesired, the ranking system sets f,,, to a very small positive weight to reduce

the effect of L], " .

By constructing a unified matrix using all the adjacency matrices, the
ranking system constructs a unified data space, which contains different types of
objects. Thus, previous inter-type relationships can be considered as intra-type
relationships in the unified space, and the ranking system effectively results in link
analysis in a single data space. ,

Figure 1 is a flow diagram that illustrates components of the ranking system
in one embodiment. The ranking system 110 is connected to various web sites
101 via communications link 102. The ranking system includes a rank objects

[41826-8037-US0000/SL041340.110}) -8- 5/14/04




(0019)

[0020]

CA 02507337 2005-05-13

component 111 that invokes a collect objects component 112, an establish
relationships component 113, a calculate scores component 114, and an order
objects component 115 to rank objects. The rank objects component may receive
a set of web pages and rank the web pages based on intra-type and inter-type
relationships. The collect objects component retrieves relationship information
relating to objects of various types. For example, the collect objects component
may access the web logs of the web sites to identify which users access which
web pages. The establish relationships component creates the intra-type and
inter-type relationship matrices. For example, a relationship matrix may map
users to the web pages that they access. The calculate scores component
recursively calculates the attribute values using EqUation 3 until the attribute
values converge on a solution. The order objects component sorts the data
objects based on the attribute values. For example, the order objects component
may use the value of the authority attribute for a web page to sort the web pages.

The computing device on which the ranking 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.,
disk drives). The memory and storage devices are computer-readable media that
may contain instructions that implement the ranking 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 ranking 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 laptop devices, multiprocessor systems, microprocessor-
based systems, programmable consumer electronics, network PCs,
minicomputers, mainframe computers, distributed computing environments that
iInclude any of the above systems or devices, and the like.

[41826-8037-US0000/SL041340.110] -9- 5/14/04
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The ranking 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 rank objects
component in one embodiment. The component collects object information,
establishes relationships between the objects, calculates attribute values for the
objects, and orders objects based on the attribute. In block 201, the component
collects information relating to the various objects. In block 202, the component
invokes the establish relationships component to generate the adjacency
matrices. The establish relationships component may also retrieve and adjust the
a and g weights. In block 203, the component invokes the calculate scores

component to iteratively calculate the attribute values until they converge on a
solution. In block 204, the component orders the data objects based on the value
of an attribute. For example, the component may order web pages based on the
authority attribute.

Figure 3 is a flow diagram that illustrates the processing of the establish
relationships component in one embodiment. In blocks 301-303, the component
loops establishing the adjacency matrices for each type. In block 301, the
component selects the next type. 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 establishes the relationships between
the objects of the selected type and the objects of all the types. For example, the
component will establish the relationship between the authority type and the hub

type, and the authority type and the expertise type. The component then loops to
block 301 to select the next type.

Figure 4 is a flow diagram that illustrates the processing of the calculate
scores component in one embodiment. The component iteratively calculates the

[41826-8037-US0000/SL041340.110] -10- 5/14/04
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equations until the attribute values converge. In block 401, the component
retrieves the object relationships represented by the adjacency matrices. In block
402, the component retrieves the weights « and g for the intra-type and inter-

type relationships. In block 403, the component initializes the vector w for each
type to have an equal attribute value for each object of that type. The component
may set each value to 1/m, where m is the number of objects of the type. For
example, if there are 10 users, then the component sets the initial attribute values
for the expertise type to 1/10. The component also initializes a difference variable
for each type to a large value so that the component will initially pass the test of
decision block 405. . The component calculates the new value for each
difference variable at the end of each iteration for determining whether the
calculations have converged to a solution. In blocks 404-409, the component
performs the calculations of Equation 3 until the calculations converge on a
solution. In block 404, the component starts the next iteration. In decision block
405, if the sum of the differences calculated during the last iteration is less than a
difference threshold, then the calculations have converged on a solution and the
component returns, else the component continues at block 406. In block 406, the
component selects the next type. In decision block 407, if all the types have
already been selected, then the component loops to block 404 to start the next
iteration, else the component continues at block 408. In block 408, the
component calculates the values for the selected type based on the values
calculated in the previous iteration. In block 409, the component calculates the
difference between the values of this iteration and the values of the previous
iteration for the selected type. The component then loops to block 406 to select
the next type.

One skilled in the art will appreciate that although specific embodiments of
the ranking system have been described herein for purposes of illustration
various modifications may be made without deviating from the spirit and scope of
the invention. For example, one skilled in the art will appreciate that non-linear
equations may be used to represent attribute values. Also, the ranking system
may be used on objects of all types that have some relationship to each other.

[41826-8037-US0000/SL041340.110] -11- 5/14/04
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For example, the ranking system could be used to rank universities based on
"importance" using relationships with students or applicants and professors, where
universities, students, and professors represent objects of different types.
Accordingly, the invention is not limited except as by the appended claims.

[41826-8037-US0000/S1.041340.110] -12- 5/14/04
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CLAIMS:

1. A method in a computer system for determining attribute values of

attributes of objects, the method comprising:
providing types, each type having a type-specific attribute;
identifying objects, each object associated with a type;
for each of the types,

identifying relationships for that type between the objects associated

with that type; and

identifying relationships for that type between an object associated with

that type and an object associated with other types;

for each of the types, calculating a value for the attribute of the object
based on the identified relationships using function for each type that calculates the

attribute value for that type, wherein the function is defined as
F,=FR, + Z jatiFjRji

where F; represents the attribute value associated with

object i, R; represents intra-type relationships between objects of the type of the
object i, and Rj represents inter-type relationships between objects of the type of the

object i and other types j;

storing the calculated values; and

ranking objects of a type based on their attribute values.

2. The method of claim 1 wherein the types include an authority type, a

hub type, and an expertise type.
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3. The method of claim 2 wherein the relationship for objects of the

authority type is based on whether a web page has a link to another web page.

4 The method of claim 3 wherein the relationship between an object of

the authority type and an object of the expertise type is based on access by a user to

a web page.

5. The method of claim 2 wherein the relationship for objects of the hub

type is based on whether a web page has a link to another web page.

6. The method of claim 5 wherein the relationship between an object of
the hub type and an object of the expertise type is based on access by a user to a

web page.

/. The method of claim 1 wherein the relationships between objects of the

same type are intra-type relationships.

8. The method of claim 1 wherein the relationships between objects of

different types are inter-type relationships.

9. The method of claim 1 including providing an equation for each type

that defines the attribute values of the type.

10. The method of claim 9 wherein the calculating includes iteratively

solving the equations.

11. The method of claim 9 wherein the equations are defined recursively

based on attribute values of other equations.

12. A method in a computer system for determining attribute value of

object, the method comprising:

providing a function that calculates attribute values for a type-specific
attribute for objects of a type based on relationships between objects of that type and

objects of another type that have another type-specific attribute,

-14-
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wherein the provided function calculates the atiribute values also based on

relationships between objects of that type and wherein the function is defined as
r,=FR, + Z j;tiFjRj:‘

where F; represents the attribute value associated with

5 object i, R;jrepresents intra-type relationships between objects of the type of the
object i and R;; represents inter-type relationships between objects of the type of the

object | and other types |;

receiving data specifying relationships between the objects of that type

and objects of the other type;

10 calculating the provided function to determine the attribute values of the

objects of that type;

>

storing the determined attribute values; and
ranking objects of a type based on their attribute values.

13. The method of claim 12 including providing a function for calculating the

15 attribute values for the type-specific attribute for objects of the other type.

14. The method of claim 13 wherein the functions are recursively defined.

15. The method of claim 14 wherein the calculating includes iteratively

calculating each function until the attribute values converge on a solution.

16. The method of claim 14 wherein the functions represent linear

20 equations.

17. A computer-readable storage medium containing computer-executable

instructions that when executed by one or more processors implement a method for

controlling a computer system to determine attribute values of objects, the method
comprising:

-15-
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providing a first function that calculates attribute values for a first type-

specific attribute for objects of a first type based on relationships between objects of

the first type and objects of a second type that have second type-specific attribute;

providing a second function that calculates attribute values for the

second type-specific attribute for objects of the second type;

receiving data specifying relationships between the objects of the first

type and objects of the second type,;

calculating the provided functions that determines the attribute values of

the objects of the first type and the second type;

storing the determined attribute values wherein the functions are

defined as
F:' — ER: T Z J’#:’F]Rji

where F; represents the attribute value associated with
object i, R; represents intra-type relationships between objects of the type of the

object i, and Rj represents inter-type relationships between objects of the type of the

object i and other types J; and
ranking objects of a type based on their attribute values.

18. The computer-readable storage medium of claim 17 wherein the
second function calculates the attribute values based on a relationship between

objects of the second type.

19. The computer-readable storage medium of claim 17 wherein the first
function further calculates the attribute values based on a relationship between

objects of the first type.
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20. The computer-readable storage medium of claim 17 wherein the

second function calculates attribute values based on the attribute values of the object

of the first type.

21. The computer-readable storage medium of claim 17 wherein the

functions are recursively defined.

22. The computer-readable storage medium of claim 21 wherein the

calculating includes iteratively calculating each function until the attribute values

converge on a solution.

23. The computer-readable storage medium of claim 17 wherein the

functions represent linear equations.

24 A method in a computer system for determining attribute values of

attributes of objects, the method comprising:
providing types, each type having a type-specific attribute;
iIdentifying objects, each object associated with a type;
for each of the types,

identifying relationships for that type between the objects associated

with that type; and

identifying relationships for that type between an object associated with

that type and an object associated with other types;

for each of the types, calculating a value for the attribute of the object
based on the identified relationships using a function for each type that calculates the

attribute value for that type, wherein the function is

_ T T
Wy =0y Ly Wy + By Z Lyps Wy s
VYN+M
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storing the calculated values; and
ranking objects of a type based on their attribute values.
25. The method of claim 24 wherein the types include an authority type, a

hub type, and an expertise type.

20. The method of claim 25 wherein the relationship for objects of the

authority type is based on whether a web page has a link to another web page.

27. The method of claim 26 wherein the relationship between an object of

the authority type and an object of the expertise type is based on access by a user to

a web page.

28. The method of claim 25 wherein the relationship for objects of the hub

type is based on whether a web page has a link to another web page.

29. The method of claim 28 wherein the relationship between an object of

the hub type and an object of the expertise type is based on access by a user to a

web page.

30. The method of claim 24 wherein the relationships between objects of

the same type are intra-type relationships.

31. The method of claim 24 wherein the relationships between objects of

different types are inter-type relationships.

32. The method of claim 24 including providing an equation for each type

that defines the attribute values of the type.

33. The method of claim 32 wherein the calculating includes iteratively

solving the equations.

34. The method of claim 32 wherein the equations are defined recursively

based on attribute values of other equations.
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