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PHRASE IDENTIFICATION IN AN INFORMATION RETRIEVAL SYSTEM
Abstract of the Disclosure

. An information retrieval system uses phrases to index, retrieve, organize and
describé documents. Phrases are identified that predict the presence of other phrases in
documents, Documents are the indexed according to their included phrases. Related
phrases and phrase extensions are also identified. Phrases in a query are identified and
used to retrieve and rank documents. Phrases are also used to cluster documents in the
search results, create document descriptions, and eliminate duplicate documents from
the search results, and from the index.
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Field of the Invention ,
' The present invention relates to an information retrieval system for
indexing, searching, and classifying documents in a large scale corpus, such as the

Internet.
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Background of the Invention
ﬁ\fomaﬁon retrieval sysfems, generally called search engines, are now an
essential tool for finding information in large scale, diverse, and growing corpuses such
as the Internet. Generally, search engines create an index that relates documents (or
"pages”)vm the individual words present in each document. A document is retrieved in
response to e‘1. query containing a number of query terms, typically based on having
some number of qitery terms present in the document. The retrieved documents are
then ranked accordiﬁg to other statistical measures, such as freqﬁency of occurrence of
the query terms, host domain, link analysis, and the like: The retrieved documents are
then presented to the user, tyéica]ly in their ranked order, and without any further
grouping or imposed hierarchy. In some casés, a selected portion of a text of a
document is presented to provide the user with a glimpse of the docmnent’ s content.
Direct “Boolean” matching of quez"y terms has well known limitations,

and in particular does not identify document; that do not have the query terms, but
have related words. For example, in a typical Boolean system, a search on “ Australian
Shepherds” would not return documents about other h&dmg dogs such as Border
Collies that do not have the exact query terms. Rather, such a system is likely to also
retrieve and highly rank documents that are about Aus&aﬁg (and have nothing to do
with dogs), and documents about “shepherds” generally.

| The problem here is that conventional systéms index documents based
on individual terms, than on concepts. Concepts are often expr&séed in phrases, such as
“Australian Shephe:d,” “President of the Un'rtéd States,” or “Sundance Film Festival”.
At best, some prior systems will index decuments with respect to a predetermined and
very limited set of ‘known’ ‘phrases, which are typically selected by 2 hu'mén operator.

2
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Indeﬁ}g of_pﬁrases is typically avoided because of the perceived compﬁtaﬁonal and
memory requirgﬁerits to identify all possible phrases of say ﬂirée, four, or five or more .
words. For example, on the assumption that any five words couid constitute a phrase,
and a large corpus v;'ould have at least 200,000 unique terms, there would
approximately 3.2 x 10% possible phrases, clearly more than any existing system could
store in memfny o;- otherwise programmatically manipulate: A further ptbblem is that
phrases continually enter and leave the Texicon in terms of their usage, much more
frequently than new mdchlual words are invented. Ne.w pluases are always being
genéraﬁed, from sources such technology, arts, world events, and law. Other phrases
will decline in usage over time.

Some existmg information retrieval systems attempt to provide retrieval
of concepts by using co-occurrence patterns of individual words. In these systeixls a
sear&l on one word, such as “President” will also retrieve Idocuments that have other
words that frequently appear with “President”, such as “White” and “ House.” While
this approach may produce search results haﬁng documents that are conceptually
related at the level of individual words, it does not typically capture topical
relationships that inhere between co-occurring phrases.

Accordingly, there is a need for an information retrieval system and
methodology that can comprehensively identify phrases in a large scale ;:orpus, index
documents according to phrases, search and rank documents in accordance with their
phrases, and provide additional clustering and descriptive information about the

documents.
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Summary of the Invention
Aninformation retrieval system and methodology uses phrases to index,

" search, rank, and describe documents in the document collection. The system is

adapted to identify phrases that have sufﬁdénuy fre;;uent and/ or distinguished usage
in the document collection to indicate that they are “valid” or “good” phrases. In this
mannef multiple word phrases, for e)(ampie phrases of four, five, or more terms, can be
identified. This avoids the problem of having to identify and index every possible
phrases resulting from the all of the possible sequences of a given number of words.

The system is further adapted to identify phrases that are related to each

- other, based on a phrase’s ability to predict the presence of other phrases in a document.

More specifically, 2 prediction measure is used that relates the actual &mmmce rate
of two phrases to an expected co-occurrence rate of the two phrases. Information gain,
as the ratio of actual co-occurrence rate to expected co—occtiumcé rate, is one such -
prediction measure. Two phrases are related where the prediction measure exceeds a
predetermined threshold, Tn that case, the second phase has signifcant information
gain with respect to the first phrase. Semantically, related phrases will be those that are
commonly used to discuss or describe a given topic or concept, such as “President of the
United States” and “White House." For a given phrase, the related phrases canbe
ordered according o their relevance or significance based on their respective prediction
measures,

An information retrieval system indexes documents in the document .
collection by the valid or good phrases. For each phrase, a posting list identifies the
documents that contain the phrase. In addition, for a giv@ phrase, a sécond Iist, vector,
or other structure is used to store data indicating which of tize;el_ated phrases of the

. 4
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given phrase are also present in each document containing the given phrase. In this
mannet, the'systém can.readily identify not only whir;h documems contain which
phrases in response to a search query, but which documenﬁ also contain phrases that
are related to query phrases, and thus more likely to be specifically about the topics or
concepts expressed in the query phrases. | '

v Tité use of phrases and related phrases further provides for the creation
and use of du;;hexs of related phrases, which represent semantically meaningful
groui;ings of phrases. Clusters are identified from related phrases that have very high
prediction measure between all of the phrases in the cluster. Clusters @w used to
organize the results of a search, ﬁwluding selecting which documents o include in the
search results and their order, as well as eliminating docirments from the search results.

'I'he.information retrieval system s also %dapféd to use the phrases when
searching for documenfs in response to a query.. Ti;e'quéry is processed to identify any
phrases that are pr%&lt in the query, so as to retrieve the associated posting lists for the
query phrases, and the related phrase information. In addition, in some instances a user
may enter an incomplete phrase in a search query, guch as “President of the”.
Incomplete phrases such as these may be identified and replaced by a phrase extension,
such as “President of the United States.” This helps ensure that the user's most likely
search is in fact executed. '

The related phrase information may also be used by the system o -
identify or select which documents to include in the search result. The related phrase
information indicetes for a given phrase and a given document, which related phrases of
the given phrase are present in the given document. Accordingly, for a query containing

two query phrases, the posting list for a first query phrase is processed to identify
5
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documénts ccmtmmng the first query phrase, and then the related phrase information is
processed to identify which of these documents also contain the second query; phrase.
These latter docuiments are then included in the search results, This eliminates the need
for the system to then separately process the posting list of the second query phrase,
thereby providing fastet search times. of course, this appmﬁch may be extended to any
number of phrases in a query, yielding in significant coﬁpuﬁﬁmﬂ and hmmg savings.
The system may be further adapted to use the phrgsé and re;lated phrase .
information to rank documents in a set of search results. ' The related phrase
hxform:éﬁon of a given Ph:ase is frefexably stored in a format, suchas abit vector, which
exf)resses the rélaﬁve significance of each re]aligd phrase to the givem phrase. For »
example, a related phrase bit vector has a bit for eéch related phrase of &le given phrage,
and the bits are ordered according to the prediction measures (e;g., information gain) for

the related phrases. The most significant bit of the related phrase bit vector are

* associated with the related phrase having the highest prediction measure, and the least

significant bit is associated with the related phrase having a lowest prediction measure.
In this manner, for a given document anda given phrase, the related phrase information
can be used to score the document. The value of the bit vector itself (as a value) may be
used as the document score. In this manner documents that contain high order related
phrases ofa query phrase are more likely to be topically related to the query than those
that have low.ordered related phrases. The bit vector value may also be used asa
component in a more .c‘omplex scoring function, and additionally may be weighted. The
documents can thenbe ranked according to their document scores.

Phrase information may also be used in an information retrieval system

to personalize searches for a user. A user is modeled as a collection of phrases, for
6




2005203240 25 Jul 2005
)

v

example, derived from documents that the user has accessed (e.g, viewed on screen,
printed, stored, etc.). More particularly, given a document accessed by user, the related
phrases that'aie present in this docummt,. are inctuded in a user model or profile.
During subsequent searches, the ph:asés in the user model are used to ﬁltér the phrages
of the search query and to weight the document scores of the retrieved d@em. :

Phrase information may also be used in an infomﬁtion retrieval system
to create a description of a document, for example the do:ﬁmems included in a set of
search fesults. Given a search query, the system identifies the phrases present in the
query, along with théir related phxéses, and‘ their phrase exl'ensmns For a given
document, each @me of the document has a count of how many of the query
phrases, related phrases, and phrase extensions are present in the sentence. The
sentences of document can be ranked by these counts (individually or in combination),
and some number of the top ranking sentences (e.g., five sentences) are selected to form
the document description. The document description can then be presented to the user
when the document is included in search results, so that the user obtains a better
understanding of the document, relative to the query; '

A further refinemnent of this process of generating document descriptions
allows the system to provide personalized descriptions, that reflect the interests of the
user. As before, a user model stores information identifying related phrases that are of
interest to the user. This user model is intersected with a list of phrases related to the
query phrases, to 1denﬁ.fy phrases common to both groups. The common set is theﬁ
ordered according to the related phrase information. The resulting set of related phrases
is then used to rank the sentences of a document according to the number of instances of

these related phrases present in each document. A number of sentences having the
7
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highest number of common related phrases is selected as the personalized document
description.

An information retrieval system may also use the phrase information to identify and
eliminate duplicate documents, either while indexing (crawling) the document collection, or
when processing a search query. For a given document, each sentence of the document has
a count of how many related phrases are present in the sentence. The sentences of document
can be ranked by this count, and a number of the top ranking sentences (e.g., five sentences)
are selected to form a document description. This description is then stored in association
with the document, for example as a string or a hash of the sentences. During indexing, a
newly crawled document is processed in the same manner to generate the document
description. The new document description can be matched (e.g., hashed) against previous
document descriptions, and if a match is found, then the new document is a duplicate.
Similarly, during preparation of the results of a search query, the documents in the search
result set can be processed to eliminate duplicates.

The present invention has further embodiments in system and software architectures,
computer program products and computer implemented methods, and computer generated
user interfaces and presentations.

The foregoing are just some of the features of an information retrieval system and
methodology based on phrases. Those of skill in the art of information retrieval will
appreciate the flexibility of generality of the phrase information allows for a large variety of
uses and applications in indexing, document annotation, searching, ranking, and other areas
of document analysis and processing.

Throughout this specification the word "comprise", or variations such as "comprises"
or "comprising", will be understood to imply the inclusion of a stated element, integer or
step, or group of elements, integers or steps, but not the exclusion of any other element,
integer or step, or group of elements, integers or steps.

Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is solely for the purpose of providing a context for
the present invention. It is not to be taken as an admission that any or all of these matters
form part of the prior art base or were common general knowledge in the field relevant to the

present invention as it existed before the priority date of each claim of this application.

11-
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. Brief D_esﬁim of the Drawingg‘
FIG. 1is block diagram of the software architecture of one embodiment of
the present invention, |
" FIG. 2 illustrates a method of identifying phrases in documents.

FIG. 3 illustrates a document w1tb a phrase window and a secondary -

window. _
FIG. 4 illustrates a method of idﬁ\ﬁfying felé.ted phrases.
FIG. 5 illustrates a method of indexing documents for related pﬁrases.
FIG 6 illustrates a method of retrieving documents based on phrases.
FIG. 7111ustrates operations of the presentation sysiun tobprfsent search
results,
FIGS. 8a and 8b illustrate relationships between referencing-and
referenced documents.

The figures depict a preferred embodiment of the present invention for
purp(;ses of illustration only. One skilled in the art will readily recognize from the
following discussion that alternative embodiments of the st;ﬁctu:es and methods
illustrated herein may be employed without departing from the principles of the

invention described herein,

Detailed Description of the Invention

L System Overview
Referring now to FIG. 1, there is shown the software architecture of an

embodiment of a search system 100 in accordance with one embodiment of present

-12-
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mventlpn In this embodiment, the system includes é indexing éystem 110, a search
system’120, a pres;mhﬁbn system 150, and a front end se&er 140,

The indexing system 110 is responsible for ﬁmﬁfymg phrasesin
documents, and indexing documents according to their phrases, by accessing various
web;site's 190 and other document collections. The front end server 140 receives queries
from a iser of a client 170, and provides those qugrifa ﬁo the search system 120, The
search system 120 s responsible for searching for documents relevant to the search
query (search r(sults),. induding identifying any phrases in the search query, and then
ranking the documents in the search results using the presence of phrases to influence
the ranking order. The search system 120 provides the search results to the presentation
system’130. The presentation system 130 is responsible for modifying the search results
including removing near duplicate documents, and gmaaﬁné topical descriptions of
documents, and providing the modified search res.ults back to the front end server 140,
which provides the results to the client 170. The system 100 further includes an index
150 that stores the indexing information pertaining to documents, and a phrase data
store 160 that stores phrases, and related statistical information.

In the context of this application, “documents” are understood to be any
type of media that can be indexed and retrieved by a search engine, including web
documents, images, multimedia files, text documents, PDFs or other image formatted
files, and so forth. A document may have one or more pages, partitions, segments or
other components, as appropriate {o its content and type. Equivalenﬂy a document may
be referred toas a ”i]age," as commonly used to refer to documents on the Internet. No
Timitation as to the scope of the invention is implied by the use of the generic term

“documents.” The search system 100 operates over a large corpus of documents, such as
10
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the Intérnet and World Wide Web, but can likewise be used in more limited collections,
such asifor the dmt collections of a library or private enterprises. In either
context; it will be appreciated that the documents are typlcally distributed across many
different computer systems and sites. Without loss of gene.r.ality. then, the documents
generally, regardless of format or location (e.g., which website or database) will be
collectively referred to as a corpus or document collection. Each donxr_rient has an
associated identifier that uniquely identifies the document; the identifier is preferably a
URL, bit other types of identifiers (e.g., document numbers) may be used as well. In
this disclosure, the use of URLS to identify documents is assumed. |
I  IndexingSystem -

Inone embodiment; the indexing system 110 provides three primary

functiohal operaﬁom: 1) identification of phrases and related phrases, 2) indexing of

documents with respect to phrases, and 3) generation and maintenance of a phrase-

' based taxonomy. Thase of skill in the art will apyreciaﬁé that the indexing system 110

will perform other functions as well in support of conventional indexing functions, and
thus these other operations are not further described herein. The indexing system 110
operates on an index 150 and data repository 160 of phrase data. These data repositories
are further described below. |

1. Phrase [dentification
The phrase identification operation of the indexing system 110 identifies

“good” and “bad” phrases in the document collection that are useful to indexing and

searching documents. In one aspect, good phrases are phrases that tend to occur in

more than certain percentage of documents in the document collection, and/or are

indicated as having a distinguished appearance in such documents, such as delimited by
11
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markup tags or other ﬁmrphological, format, or grammattcal markers. Another aspect
of good phrases is th;t they are Mﬁve of other good‘ ph!ases; and are not merely
sequences of words that appear in the lexicon. For example, the phrase “President of the
United States" is a phrase that predicts other phrases such as “George Bush” aﬁd “Bill
Clinton.” However, other phrases are not predictive, such as “fell down the stairs” or
“top of the morning,” “out of the blue,” since idioms and colloquisms lik.e these tend to
appear with many o&er dlfferent and unrelated phrases. Thus, the phrase

E identification phase determines which phrases are good phrases and which are bad (ie.,

lacking in predic&ve-power).

‘Referring o row FIG. 2, the phsase identifiation process has the
following functional stages:

200: Collect possible and good phrases, along with frequency and co-
occurrence statistics of the phrases. - ' »

202; Classify possible phrases to either good or bad phrasé based on
frequency staﬁ;ﬁcs. . . ‘

204:vPrune good phrase list based on a predictive measure derived from
the co-occurrence statistics. |

Each of these stages will now be described in further detail,

The first stage 200 is a process by which the indexing system 110 crawls a

set of documents in the document collection, making repeated partitions of the

* document collection over time. One partition is pracessed per pass. The number of

documents crawled per pass can vary, and is preferably about 1,000,000 per partition, It
is preferred that only previously uncrawled documents are processed in each partition,

until all documents have been processed, or some other termination criteria is met. In
' ' o '

-15-
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practice, the crawling continues as new documents are being continually added to the
document collection. The following steps are taken by the indexing system 110 for each
document that is crawled. . |

Traverse the words of the document with a phrase window length of n,
where n is a desired maximum phrase length. The length of the window will typically
be at least 2, and preferably 4 or 5 terms (words). Preferably phrases include all words
in the phrase window, including what would oherwise be characterized as stop words,
such ag"’a", “the,” and so forth. A phrase window may be terminated by an end of line,
a paragraph return, a markup tag, or other mdlaa of a change in content or format.

FIG. 3 illustrates a portion of a document 300 during a traversal, showing
the phrase window 302 starting at the word “stock” and extending 5 words to the right.
The first word in the window 302 is candidate phrase i, and the each of the sequences
i+1, +2, 43, i+4, and i+5 is likewise a candidate phrase. Thiss, in this example, the
candidate phrases are: “stock”, “stock dogs”, “stock dogs for”, “stock dogs for the”,
“stock dogs for the Basque”, and “stock dogs for the Basque shepherds”.

In each phrase window 302, each candidate phrase is checked in turn to
determine if it is already present in the good phrase list ﬁ)B or the possible phrase list
206, If the candidate phrase is not present in ejther the good phrase list 208 or the
possible phrase list 206, then the candidate has already been determined to be “bad” and
is skipped.

If the candidate phrase is in the good phrase list 208, as entry g, then the
index 150 entry for phrase g is updated to iﬁclude the document (e.g., its URL or other
document idenﬁﬁer), to indicate that this candidate phrase g appears in the current

document. An entry in the index 150 fora phrase g (or a térm) is referred to as the
13
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postinglist of the i)hrase - The posting list includes a st of documents d (by their
document identifiers, e.g. a document number, or albemaﬁveiy a URL) inwhich the
phrase occurs.

| In addition, the co-occurrence matrix 212 is updated, as further explained .
below. In the very first pass, the good and bad lists will be énlpty, and thus, most
phrases will tend to be added to the possible phrase list 206.

If the candidate phrase is not in the good phrése list 208 then it is added

 to the possible phrase list 206, unless it is already present therein. “Each entry p on the

possible phrase list 206 has three associated counts:
) P(p): Nizmber of documents on which the possible phrase appears;

S(p): Number of all instances of the possible phrase; and

M((p): Number of interesting instances of the possible phrase. An instance
of a possible phrase is “interesting” where the possible phrase is distinguished from
neighboring @mt in the document by grammatical or f&mat markers, for example by
being in boldface, or underline, or as anchor text in a hyperlink, or in quotation marks.
These (and other) distinguishing appearances are indicated by various HTML markup
language tags and grammatical markers. These statistics are maintained for a phrase
when it is placed on the good phrase list 208,

In addition the various lists, a co-occurrence matrix 212 (G) fqr the good
phrases is maintained. The matrix G has a dimension of m x m, where m is the npmber
of good phrases. Bach eritry G(j, k) in the matrix represents a pair of good phrases (g
8. The co-occurrence matrix 212 logically (though not necessarily physically) maintaing
three separate counts for each pair (g;, g¢) of good phrases mth respect to a secondary

window 304 that is céntered at the current word i, and extends +/- h words. In one
14
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embodin‘\ent,‘ sucﬁ as illustrated in FIG. 3, the secondary wﬁdm 304is 30 words, The
co-occyrrence matrix ﬁZ thus maintains: ' o

R(k): Raw Cﬁ-occurrence count. The number of tlmes that phrase g; -
appears in a secondary window 304 with phraség»; v

D(jk): Disjunctive Interesting count, The number of times that either
phrase:g; or phrase g appears as djsﬁnguished text in a secondary window; and

C(jk): Conjunctive Interesting count: the number of times that both g and
phrase g appear as distinguished text in a secondary window. The use of the
conjunctive mteresting count is particularly beneficial to avoid the circumstance where a
phrase (e.g., 2 ccvpyright notice) appears frequently in sidebats, footers, or headers, and
thus is not a;cfually predictive of other text. |

Referring to the example of FIG. 3, Me that the “stock dogs” is on the |
good phrase hst 208, as well as the phrases “ Australian Shepherd” and “Australian
Shepard Club of America”. Both of these latter phrases appear wrthm the secondary
window 304 around the current phrase “stock dogs”. However, the phrase “ Australian
Shepherd .Club of America” appears as anchor text for a hyperlink (indicated by the
underline) to website. Thus the raw co-occurrence counf for the pair {“stock dogs”,
“Australian Shepherd”} is incremented, and the raw océu.tradce count and the
disjunctive interesting count for {“stock dogs”, “ Austtalian Shepherd Club of America”}
are both incremented because the latter appears as distinguished text.

The process of traversing each document with both the sequence window
302 and the secondary window 304, is repeated for each‘ document in the partition.

Once the documents in the partition have been hayersed, the next siageb

of the indexing operation is to update 202 the good phrase list 208 from the possible
15 '
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_ phraseiistZOG. A possible phrase p on the pdséible phrase list 206 is moved to the good-

phrase fist 208 if the frequency ofappeérance ofﬂ\e phrase and the number of
documents that the phrase appears in indicates that it has sufficient usage as
semantically meaningful phrase,
I:} one embodiment, this is tested as follows. A possible phrase p is
removed from the possible phrase list 206 and pléce;i.onv&teAgood phrase list 208 if:
. 2} P(p)>10and S(p) > 20 (the number of documents containing phrase p
is more than 10, and thg number of occurrences of phrase p is more then 20); or

b) M(p) > 5 (the number of ihteresting instances of phrase p is more than

These thresholds are scaled by the number of documents in the partition;
for ea;a.inple if 2,000,000 documnents are crawled in a partition, then the thresholds are
appm)dmate;ly doubled. Of course, those of skill in the art will appreciate that the
specific values of the thresholds, or the logic of testing them, can be varied as dasired

If a phrase p does not qualify for the good phrase list 208, then it is
checked for qualification for being a bad phrase. A phrase p isa bad phrase if:

a) number of documents containing phrase; P@p)<2; and

b) number of interesting instances of phrase, M(p)=0.

These conditions indicate that the phrase is both infrequent, and not used
as indicative of significant content and again these thresholds may be scaled per number
of documents in the partition.

It should be noted that the good phrase list 208 will naturally include

individual words as phrases, in addition to multi-word phrases, as described above.

16
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This is because each the first word in the phrase windowSO_Zisjal.ways acandidate
phrase,:and the appropriate instance counts will be accumu]ated Thus, the indexing
system 110 can auhﬁ&ally index inofh individual woras (i.e., phrases with 4 single
word) and multiple word phrases. The good phrase list 208 will also be considerably
shorter than the tlworet\cal maximum based on all possible combinations of m phrm
In typical embodiment, the good phrase List 208 will include about 65x10° phrases. A
list of bad phrases is not niecessary to store, as the system need only keep track of
possible and good phrases.

By the final pass through the document collection, the list of possible
phrases will be relatively short, due to the eﬁpected' distribution of the use of phrases in
alarge corpus. Thus, if gay by the 10 pass (e.g., 10,000,000 douimems), a bhmse .
appears for the very first time, it is very unhkely to be a good phrase at that time. It may
be new phrase justcoming into usage, and thus during subsequent crawls becomes
increasingly common. In that case, its respective counts will increases and may
ultimately satisfy the thresholds for being a good phrase.

The third stage of the indexing operation is to prani 204 the good phrase
list 208 using a predictive measure derived from the co-occurrence matrix 212. Without
pruning, the good phrase list 208 is likely to include many phrases that while
legitimately appearing in the lexicon, themselves do not sufficiently predict the presence
of other phrases, or themselves are subsequences of lmger‘phrase‘s. Removing these
weak good phrases results in a very robust likely of gooc;l phrases. To identify good .
phrases, a predictive measure is used which expresses the increased likelihood of one
phrase appearing in a document given the presence of another phrase. This is done, in

one embodiment, as follows:
17
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' As noted above, the co-occurrence matrix 212 s an 1 x m matrix of
sboring; data associated with the good ijhmses. Each row j in the matrix represents a
good phrase g and each column k represented a good phrase gy. For each good phrase
g, an expected value.E(g;) is computed, The expected value E s the percentage of

' documents in the collection expected to contain g;. This is computed, for example, as the

ratio of the number of documents containing g; to the total number T of documents in
the collection that have been crawled: P(j)/T.

Asnoted above, the number of documents containing g;is upd%ted each
time g; appears in a document. The value for E{g)) can be updated each time the counts
for g; are incremented, or during this third stage.

Ne?t, for each other gdod phrase g {e.g, the columns of the matrix), it is
determined whether g, predicts gr. A predictive measure for g; is determined as follows:

1} compute the expected value E(gy). The expected co-occurrence rate
E(j k) of g and g, if they were unrelated phrases is then E(g)E(g);

- ii) compute the actual co-occurrence rate A(jk) of g and gy This is the
raw co-occurrence cousit R(j, k) divided by T, the total number of documents;

iii) g; is said to predict gx where the actual co-occurrence rate A(j k)
exceeds the expected co-occurrence rate E(K) by a threshoid amount,

In one embodiment, the predictive measure is information gain. Thus, a
ph.rase. g predicts another phrase g when the information gain I of gxin th;e presence of
g exceeds a threshold. In one embodiment, this is computed as follows:

1K) = AGK)/BGR)

And good phrase g; predicts good phrase g where:

18
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1k} > Information Gain threshold.

In one embodiment, the information gain threshold is 1.5, but is
Prefemﬁly between 11and17. Raising the threshold over i;ﬁ sexves to reduce the
possibility that two otherwise unrelated phrases co-occur more than randomly
predicted. ‘

As noted the computation of information gain is repeated for each
column k of the matrix G with respect to a given row j. Once a row is complete, if the
information gz;in for none of the good phrases gy exceeds the mformahon .gain threshold,
then this means that phrase g;doesnotéredict any other good phrase. In that case, g;is
renﬁve& from the good phrase list 208, essentially becoming a bad phrase. Note that
the column j for the phrase g is not removed, as this phrase itself may be predicted by
other good phrases. ’

This step is concluded when all rows of tﬁe m&cmm matrix 212
have been wﬂmted.

The final step of this stage is to prune the goodphrase]isti(lS to remove
incomplete phrases. An incomplete phrase is a phrase that only predicts its phrase
extensions, and which starts at the left most side of the phrase (ie., the beginning of the
phrase). The “phrase extension” of phrase p is a super-sequence that begins with phrase
p. For example, the phrase “President of” predicts “President of the United States”,
“President of Mexico”, “President of AT&T”, etc. All of these latter phrases are phrase
extensions of the phrase “President of” since they begin with “President of” and are
super-sequences thereof. ‘

Accordingly, each phrase g remaining on the good phrase list 208 will

predict some nuimber of other phrases, based on the information gain threshold
19 :
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previotisly discussed.. Now, for each phrase g the indexing sysbén 110 performs a
string rhatch with each of the phrases gy that is predicts. The string match tests whether
mhpredictedpmasegisapmaseemmé_f&wphmeg,. If all of the predicted
phrases gy are phfasé extensions of phrase g, then phrase g;is incomplete, and is
removed from the good phrase list 208, and added to an incomplete phrase list 216.
Thus, if ﬁiere is at least one phrase gy that isnot an a(te_néioﬁ of g, then gjis complete,
and maintained in the good phrase list 208, For example then, “President of the
United” is an incomplete phrase because the only other phrase thﬁt it predicts is
“President of the United States” which is an extension of the phrase.

The incomplete phrase List 216 itself is very useful during actual
searching. When a search query is received, it can be compared against the incomplete
phase list 216. If the query (or a portion thereof) matchs an entry in the list, then the
search sysiem 120 can lookup the most Iiké_ly phrase extensions of the mcoﬁplete-phrase
(the phrase extension having the highest information gain given fhe incomplete phrase),
and suggest this phrase extension to the user, or automatically search on the phrase
extension. For example, if the search query is “President of the United,” the search
system 120 can automatically suggest to the user “President of thg United States” as the
s.earch query. -

After the last stage of the indexing process is completed, the good phrase
List 208 will contain a large number of good phrases that have been discovered in the
corpus. Each of these good phrases will predict at least one other phrase thatis nota.
phuase extension of it. That is, each good phrase is used with sufficient frequency and
independence to represent meaningful concepts or ideas Iexpmssed in the corpus. Unlike

existing systems which use predetermined or hand selected phrases, the good phrase list
20
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reflects phrases that actual are being used in the oorpus Fﬂér, smceithe above
process of craw]ing and indexing is repeated periodically as new documents are added
to the document collection, the indexing system 110 automatically detects new phrases
as they enter the lexicon.
" 2 dentification of Related Phrases and Chusters of Related Phrases
" Referring o FIG. 4, the related phrase identification process includes the
following functional operations. _

400: Identify related phrases having a high information gain value.

402: Identify clusters of related phrases.

404: Store cluster bit vector and cluster number.

- Bach of these operations is now described in detail.

First, recall that the co-occurrence matrix 212 contairis good phrases g;,
each of which predicts at least one other good phrase g with an information gain éwm
than the'information gain threshold. To identify 400 related phrases then, for each pair
of good phrases (g, gy) the information gain is compared with a Related Phrase
threshold, e.g;, 100. That is, gyand gy are related phrases where:

I(g, g9 > 100.

This high threshold is used to identify the co—occummcesvof good phrases
that are well beyond the statistically expected rates. Statistically, it means that phrases g
and gy co-occur 100 times more than the expected co-occurrence rate. For example,
given the phrase “Monica Lewinsky” in a document, the phrése “Bill Clinton” is a 100
times more likely to appear in the same document, then the phrase “Bill Clinton” is
likely to appear on any randomly selected doctiment. Another wﬁy of saying this is that

the accuracy of the predication is 99.999% because the occurrence rate is 100:1.
21
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Accordingly, any entry (g gy that s less the Related Phrase threshold is
zeroed out, mdmtmg that the phrases g, g are not related. Any remaining entries in
the co-occurrence matrix 212 now indicate all related phrases.

The columns gy in each row gy of the co-occurrence matrix 212 are then
sorted by the ﬁfmaﬁm gain values K(g;, ), so that the related phrase g with the
highestinformation gain is listed first. This sorting thus identifies for a given phrase g,
which other phrases are most likely related in terms of kﬁomaﬁm gain.

The next step is o determine 402 which related phrases together form a
cluster of related phrases. A cluster is a set of related phrases in which each phrase has
high information gain with respect to at least one othet phrase. In one embodiment,
clusters are identified as follows.

In each row g of the matrix, there will be one or more other phrases that
are related to phrase g;. This set is relatéd phrase set Ry, where R={gy, g, ...gn}- o

for each related phrase m in R;, the indexing system 110 determines if
each of the other related phrases in R is also related to g;. Thus, if I(g, g) is also non-
zero, then gy, g, and g are part of a cluster. This cluster test is repeated for each pair (g,
ga)inR. '

For example, assume the good phrase “Bill Chnton” is related to the
phrases “President”, “Monica Lewinsky”, because the information gain of each of these
phrases with respect to “Bill Clinton” exceeds the Related Phrase threshold. Further
assumeithat the phrase “Monica Lewinsky” is related to the phrase “purse designer”.
These phrases then form the set R. To determine the clusters, the indexing system 110
evaluates the information gain of each of these phrases to the others by detamumng

their corresponding information gains. Thus, the indexing system 110 determines the
22
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information gain I(“President”, “Monica Lewinsky”), I(“President”, “purse designer”),
and o forth, for all pairs n R, Tn this example, Bill Clinton,” “President”, and “Morica.
Lewinsky” form a one cluster, “Bill Clinton,” and “President” form a second cluster, and
“Monica Lewinsky” and “purse designer” form a third cluster, and “Monica Lewinsky”,
“Bill Clinton,” and “purse designer” form a fourth cluster. This is because while “Bill
Clintort” does not predict “purse designer” with sufficient information gain, “Monica
lcwinsky" does predict both of these phrases. |

To record 404 the cluster information, each cluster is assigned a unique
cluster number (cluster ID). This information is then recorded.in conjunction with each
good phrase gj.

In one embodiment, the cluster number is determined by a cluster bit
vector that also indicates the orthogonality relationships between the phrases. The
dus@ bit vector is a sequence of bits of length , the number of good phrases in the
good phrase list 208. For a given good phrase gj, the bit positions correspond to the
sorted related phrases R of g. A bitis set if the related phrase g in R is in the same-
cluster as phrase g. More generally, this means that the corresponding bit in the cluster
bit vector is set if there is information gain in ejther direction between gjand g:.

The cluster number then is the value of the bit st:n'.ﬁg that results. This
implementation has the property that related phrases that have multiple or one-way
information gain appear in the same cluster.

An example of the cluster bit vectors are as follows, using the above

phrases:

) Morica purse | Cluster
Bill Clinton | President | Lewinsky | designer D
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Bill Clifwon 1 1 1 S0 14
President 1 1 0 0 12
Monica
Lewinky 1 ()} 1 1 11
purse . «
designer 0 0 1 1 '3

To summarize then, after this process there will be identified for each
good phirase g, a set of related phréses R, which are sorted in order of information gain
(g g) from highest to lowest. In addition, for éach good phrase g, there will be a
cluster bit vector, the value of which is a cluster number ide’ntifyiﬁg the primary cluster
of which the phrase g; is a member, and the orthogonality values (1 or 0 for each bit
position) indicating which of the related phrases in R are in common clusters with -3
Thus in the above example, “Bill Clinton”, “President”, and “Monica Lewinsky” arein
cluster 14 based on the values of the bits in the row for phrase “Bill Clinton”.,

To store this mfonmtlon, two basic repregentations are available. First,
as indicated above, the information may be stored in the co-occurrence matrix 212,
wherein:

entry Glrow j, col. k] = (I{j.k), clusterNumber, clusterBitVector)

Altémaﬁvely, the matrix representation can be avoided, and all
information stored in the good phrase list 208, wherein each row therein represents a
good phirase g;:

o Phrase row; = list [phrase g, (1K), clusterNumber, clusteiBitVector)].
This approach provides a useful organization for clusters. First, rather

than a strictly--and often arbitrarily—defined hierarchy of topics and concepts, this

approach recognizes that topics, a indicated by related phrases, form a complex gtaph

24
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of relatipnships, where some phrases are related to many ofher phrases, and some
phrases have a more limited scope, and where the relationships can be mutual (each
phrase predicts the other phrase) or one-directional (one phrés_e predicts the other, but
not vice'yersa). The result is that clusters can be characterized ”locai” to each good
phrase, and some clusters will then overlap by having one or more common related
phrases. |
i . Fora given good phrase g; then the ordering of the related phrases by
information gﬁn provides a taxonomy for naming the clusher# of the phrase: the cluster
name is the name of the related phrase in the cluster having the highest information
gain.

The above process providé a very robust way of identifying significant
phrases that appear in the document collection, and beneﬁciallﬁ the way these related
phrases are used together in natural “clusters” in actual practice. As a result, this data-
driven clustering of related phrases avoids the biases that are inherent in any manually
directed “editorial” selection of related terms and concepté, as is common in many
systems.

3. Indexing Documents with Phrases and Related Phrases -

Given the good phrase list 208, including the information pertaining to
related phrases and clusters, the next functional operation of the indexing systém 110is
to index documents in the document collection with respect to the good phrases and
clusters, and store the updated information in the index 150. FIG. 5 illustrates this
process; in which there are the following functional stages for indexing a document:

500: Post document to the posting lists of good phrases found in the

docuiment,
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502: Updahe instance counts and related phﬁse bit vector for related
phases 4nd secondary related phrases. ’

504: Annotate documents with related phrase information.

506: Reorder index entries according to posting list size.

These stages are now described in further-detail.

A set of documents is traversed or crawled, as before; this may be the
same or.a diffecent set of documents. Fora given document d, traverse 500 the
document word by word with a sequenée window 302 of length n, from position i, in the
mannendescﬁbed above.

In a given phrase window 302, identify all good phrages in the window,

starting at position i, Each good phrase is denotéd as gi. Thus, gl is the first good

pﬁrase, g2 ‘wduld be the second good ph@se, and so forth.

For each good phrase g; (example g1 “President” and g4 “President of
ATT") post the document identifier (e.g., the URL) to the posting list for the good phrase
gi in the index 150. This update identifies that the good phrase g appears in this specific
document.

In one embodiment, the posting list for a phrase g takes the following
logical form:

Phrase gy list (document d, [list: related phase counts] [related phrase
information])

For each phrase g; there is a list of the documents d on which the phrase
appears, For each document, there is a list of counts of the number of occurrences of the

related phrases R of phrase g; that also appear in document d.

26
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" In one embodiment, the related phrase information s  related phase bit
vector. This bit ;zector-may be characterized as a “bi-bit” vm, in that for each related
phrase g there are two bit positions, g1, g-2. The first bit position stores a flag
indicating whether the related phrase g is present in the documeﬁt d (Le., the count for
& in document 4 is greater than 0).. The second bit position stores a flag that indicates
whethet a related phrase g of g is aiso present in document d. The related phrases g of
arelated phrase gy of é phrase gy are herein called the “secondary related phrases of g;
The counts and bit positions correspond to the canonical order of the phrases in R
(sorted in order of decreasing information gain). This sort order has the effect of making
the related phrase g that is most highly predicted By g assddate& with the most
significant bit of the related phrase bit vector, and the related phrase g that is least
predicted by g; associated with the least significant bit.

It is useful to note that for a given phrase g, the length of the related

- phrase bit vector, and the association of the related phrases to the individual bits of the

vector, will be.the same with respect to all documents containing g. This
implementation has the property of allowing the system to readily comparé the related
phrase bit vectors for any (or all) documents containing g, to ;ee which documents have
a given related phrase. This is beneficial for facilitating the search process to identify
documents in response to a search query. .Accordingly, a given document will appear in
the posting lists of many different phrases, and in each such posting list, the related
phrase vector for that document will be si)eciﬁc to the ph.fase that owns the posting list.
This aspect preserves the locality of the related phrase bit vectors with respect to

individual phrases and documents.

27
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- Accordingly, the next stage 502 includes traversing the secondary
windowi304 of the current index position in the document (a5 before a secondary
window.of +/- K terms; for example, 30 terms), for example from K to i#+K. For each
related phrase g of g; that appears in the secondary window 304, the indexing system
110 increments the count of ga with respect to document 4 in the related phrase count. If
g appears later in the document, and the related phrase is found again within the later
secondaty window, agaih the count is incremented. v
) As noted, the correspondirig first bit gy-1 in the related phrase bit map s
setbasedonti\e count, with the bit set to 1 ifﬁ\ecountforgis >0, or set to 0 if the count
equals 0. .

Next, the second bit, g2 is set by looking up related phrase g in the
index 150, identifying in gv's posting list the entry for document 4, and then checking the
secondary related phrase counts (or bits) for g for any its related phrases. If any of these
secondayy related phrases counts/bits are set, then this indicates that the secondary
related phrases of g are also present in document d.

When document 4 has Eeen completely processed in this manner, the
indexing system 110 will have identified the following;:

i) each good phrase g; m document d;

B ii} for each good phrase gy which of its related lﬁhrases gk are present in
document 4;
iii) for each related phrase g; present in document d, which of its related

phrases g (the secondary related phrases of g) are also present in document d.
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a) Determining ; ﬁxé Topics for a Document
The indexing of documents by phrases and use of the clustering

information provides yet another advantage of the indexing system 110, which is the
ability to determine the topics that a document is about based on the related phrase
information. | ‘ N

Assume that for a given good phrase g and a given document d, the
posting list entry is as follows: v

g document d: related phrase counts:= {3,4,3,0,02,1,1,0}

related phrase bit ve_ctor.%{ 1111 iO 000010101001}
where, the related phrase bit vector is shown in the bi-bit pairs.
i From the related phrase bit vector, we can determine primary and

secondary topics for the document d. A primary topic is indicated by a bit pair (1,1), and
a secondary topic is indicated by a bit pair (1,0). A related phrase bit pair of (1,1)

indicates that both the related phrase gy for the bit pair is present in document 4, along

the secondary related phrases g as well. This may beinterpreted to mean that the

author of the document d used several related phrases g, g, and gy together in drafting
the document. A bit pair of (1,0) indicates that both g; and g are present, but no further
secondary related phrases from g; are present, and thus this is a less significant topic.

b) Document Annotation for Improved Ranking
A further aspect of the indexing system 110 is the ability to annotate 504

each document d during the indexing process with information that provides for
improved ranking during subsequent searches. The annotation process 506 is as

follows.

29
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CA glven document d in the document collection may have some number
of out]niks to o&xer documents. Each outlink (a hyper]mk) includes anchor text and ﬂ1e
document 1dentlﬁer of the target dccument For purposes of explanation, a current
document 4 bemg processed will be referred to as URLY, and the target document of an

outlink on document d will be referred to as URL1. For later use in ranking documents

" in search results, for every link in URLD, which péints to some other URLi, the indexing -

system 110 creates an ouﬂitﬂ( score for the anchor phrase of that link with respect to
URLY, and an inlink score for that anchor phrase with respect to URLI. That is, each
link in the document collection has a pair of scores, an cutlink score and an inlink score.
These scores are cpmpuﬁed as follows. _

On a given document URLD, the indexing system 110 identifies each
outlink to anotixer document URLL, in which the anchor text A is a phrase in the good
phrase list 208. FIG. 8a illustrates schematically this re]aﬁonélﬂp, i.n which anchor text
“A” in document URLO is used in a hyperlink 800.

Tn the posting list for phrase A, URLO is posted as an outlink of phrase A,

‘and URLI is posted as an inlink of phrase A. For URL, the related phrase bit vector is

completed as described above, to identify the related phrases and secondary related
phrases of A present in URLO, This related phrase bit vector is used as the outlink score -
for the link from URLO to URL? containing anchor phrase A.

Next, the inlink score is determined as follow; For each inlink to URL1
containing the anchor phrase A, the indexing system 110 scans URL, and detecmines
whether phrase A appears in the body of URL1. If phrase A not only points to URLL
(via a outlink on URLO), but also appears in the content of URL1 itself, this suggests that

URL1 can be said to be intentionally related to the concept represented by phrase A.
30
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FIG. 8b jllustrates this case, where phrase A appears in bothURLO (as MOI text) and
inthe bof:dyofURLI. In this case, the related phrase bit vector for phrase A for URL1 is
used as the inlink score forthe].i.nl(&on“lURmhuURLl containing phrase A.

If the anchor phrase A does not appear in the body of URLI (as in FIG.
8a),ﬂ1enadi£fe.rentshep is taken to determine the inlink score. | In this case, the
indexing system 110 creates a related phrase bit vector for URL1 _fﬁr phrase A (as if
phrase A was present in URL1) and indicating which of the related phrases of phrase A
appear in URL1. This related phrase bit vector is then used as the inlink score for the
link from URLJ to URL1.

. For example, assume the following phrases are initially pr'.went in URLD

and URL1:
Anchor
Phrase Related Phrase Bit Vector
Australian blue red agility
Document | Shepherd [ Aussie [ merle | merle | fricolor | training |
URLO 1 1 0 0 0 0
[TrLT 1 O 1 1 0

(In the above, and following tables, the secondary related phrase bits are
not shown). The URLO row is the outlink score of the link from anchor text A, and the
URL]1 row is the inlink score of the link. Here, URLQ contains the anchor phrase
“ Australian Shepard” which targets URL1. Of the five related phrases of “ Australian
Shepard”, only one, “Aussie” appears in URL0. Intuitively then, URLO is only weakly
about Australian Shepherds. URLI, by comparison, not only has the phrase “ Australian
Shepherd” present in the body of the document, but also has many of the related

phrases present as well, “blue merle,” “red merle,” and “tricolor.” Accordingly,

QO  because the anchor phrase “ Australian Shepard” appears in both URLO and URL1, the
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outlink gcore for URLO, and the inlink score for URLI are the respective rows shown

above.

‘The second case described above is where émchor phrase A does not
appearin URLY. In that, the indexing system 110 scans URL1 and determines which of
the related phrases “Aussie,” “blue metle,” “red merle,” “tricolor,” and "’agi]ity

training” are present in'URL1, and creates an related phrase bit vector accordingly, for

examplé:
Anchor .
Phrase - - Related Phrase Bit Vector
.| Australian blue . | red R agility
Document | Shepherd | Aussic | merle | merle | tricolor | training
[URLo 1 1 0 0 0 0
URLI 0 0 1 1 1 0

Here, this shows that the URL1 does not contain the anchor phrase
“Australian Shepaﬂ", but does contain the related phrases “blue merle”, “red merle”,
and “tricolor”.

This approach has the benefit of entirely préventing certain types of
‘manipulations of web pages (a class of documents) in order to skew the results of a
search. Search engines that use a ranking algorithm that relies on &le n@a of links
that point to a given document in order to rank that document can be “bombed” by
artificially creating a large number of pages with a given anchor text which then point to
a desired page. Asaresult, when a search query using the anchor text is entered, the
desired page is typically returned, even if in fact this page has litte or nothing fo do
with the anchor 'oéxt. Importing the related bit vector from a target document URLI into .

the phrase A related phrase bit vector for document URLO eliminates the reliance of the
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search system on just the relationship of phrase A in URLO pointing to URL1 as an
indicator of significance or URLI to the anchor text phrase.

Bach phrase in the index 150 is also given a phrase number, based on its
frequency of occurrence in the corpus. The more éommom_ the phrase, the lower phrase
numberit receivesorder in the index. The indexing system 110 ﬁ'len sorts 506 all of the
posting fists in the index 150 in declining order according o the numiber of documents
listedphrase number of in each posting list, so that the most frequently occurring
phrases are listed first. The phrase number can then be used to look up a particular
phrase. .

11 Seamh System
B The search system 120 operates to receive a query and search for
documents relevant to the query, and provide a list of these documents (with links to the
documents) in a set of search results. FIG, 6 illustrates the main functional operations of
the search system 120:

600: Identify phrases in the query.

602: Retrieve documents 1;elevant to query phrases.

604: Rank documents in search results according to phrases.

The details of each of these of these stages is as follows.

1. Identification of Phrases in the Query and Query Expansion
The first stage 600 of the search system 120 is to identify any phrases that

are present in the query in order to effectively search the index. The following
terminology is used in this section:
q: aquery as input and receive by the search system 120.

Qp: phrases present in the query.
33
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Qr: related phrases of Qp.
Qe phrase extensions of Qp.
- Q:- the' union of Qp and Qr.

A query q is received from a client 190, having up to some maximum

'S number of characters or words.

Is

L0

A phrase window of size N (e.g., 5) is used by the search system 120 to
traverse the terms of the query q. The phrase window starts with the first term of the
query, extenids N terms to the right. This window is then shifted right M-N times,
where Mis the number of terms in the query. _

At each window position, there will be N terms (or fewer) terms in the
window. These terms constitute a possible query phrase. The }Sussible phrase is looked
up in the good phrase list 208 to determine if it is a good phrase or not. [f the possible
phrase js present in the good phrase list 208, then a phrase number is returned for
phrase; the possible phrase is now a candidate phrase. .

o After all possible phrases in each window have been tested to determine
if they ate good candidate phrases, the search system 120 will have a set of phrase
numbers for the corresponding phrases in the query. These phrase numbers are then
sorted (declining order).

Starting with the highest phrase number as the first candidate phrase, the
search system 120 detemliﬁes if there is another candidate phrase within a fixed
numerical distance within the sorted list, i.e,, the difference between the phrase numbers
is within a threshold amount, e.g. 20,000. If so, then the phrase that is leftmost in the

query is'selected as a valid query phrase Qp. This query phrase and all of its sub-
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phrases is removed from the list of candidates, and the list is resorted and the proéas
repeated. The result of this process is a set of valid query pﬁam Qp.

Foi'example, assume the search query is “Hillary Rodham Clinton Bill on
the Senaite Floor”. The search system 120 would identify the following candidate
phrases, “Hillary Rodham Clinton Bill on,” “Hillary Rodham Clinon Bill* and “Hillary
Rodhiam Clinton”. Theﬁmt two are discarded, and the last one is‘kept as a valid query
phrase. Next the search system 120 would identify “Bill on the Senate Floor”, and the
subsphrases “Bill on the S.enate", “Bill on the”, “Bill on”, “Bill”, and would select “Bill” -
as a valid query phrase Qp Finally, the search system 120 would parse “on the senate
floor” and identify “Senate Floor” as a valid query phrase, |

Next, the search system 120 adjusts the valid phrasés Qp for
capitalization, When parsing the query, the search system 120 identifies potential
capitalizations in each valid phrase. This may be done using a table of known
capitalizations, sﬁch-as “united states” being capitalized as “United States”, or by using
a grammar based capitalization algorithm. This produces a set of properly capitalizéd
query phrases,

The search system 120 then makes a second pass through the capitalized
phuases, and selects only those phrases are leftmost and capitalized where both a phrase
and its subphrase is present in the set. For example, a search on “president of the
united states” will be capitalized as “President of the United States”.

[0169] In the next stage, the search system 120 identifies 602 the documents that
are relevant to the query phrases Q. The search system 120 then retrieves the posting
lists of the query phrases Q, and intersects these lists to determine which documents

appear on the all (or some number) of the posting lists for the query phrases. If a phrase
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' Qj:l&ehueryhasaaetofphraseexhensi@sQe(asfur&le:explainedbelow),t}m&m

search sfstem 120 first forms the union of the posting lists of the phrase extensions, prior
to doing the intersection with the posting lists. The search system :uo identifies phrase
extexmxms by locking up each query phrase Q in the mcomplete phrase list 216, as
described above.

The result of the intersection is a set of documents that are relevant to the
query. Indexing documents by phrases and related phrases, identifying phrases Q in the
query, and then expanding the query to include phrase extensions results in the
selection of asetof docuﬁxenis that are ﬁwre relevant to the query then would resultina
conventional Boolean based search system in which only documents that contain the
query terms are selected.

In one embodiment, the search system 120 can use an optimized
mechanism to identify documents responsive to the query without having to intersect all
of the posting lists of the query phrases Q. As a result of the structure of the index 150,
for each phrase g, the related phrases gx are known and identified in the related phrase
bit vector for gr. Accordingly, this information can be used to shortcut the intersection
process where two or more query phrases are related phrases to each other, or have
common related phrases. In those cases, the related phrase bit vectors can be directly
accessed, and then used next to retrieve corresponding do?:umenls. This précecs is
more hﬂy described as follows.

Given any two query phrases Q1 and 2, there are three possible cases of
relations;

1) Q2 is a related phrase of Q1;
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. 2) Q2 is not a related phrase of Q1 and their respectwe related phrages’
Qrl and Q12 do not intersect (i.e., no common related phrases); and
8) Q2 is not a related phrase of Q1, but their respect[ve related phrases
Qrland Qr2 do intersect.
Foreachpairofqueryphﬁses&le searchsfsﬁeml?.Odetetminesﬂte
appropriate case by looking up the related phrase bit vector of the quety phrases Qp.

-+ The search system 120 proceeds by retrieving the éosﬁng list for query
phrase.Ql, which contains the documents containing Q1, and for each of these
documents, a related phrase bit vector. The related phrase bit vector fc;r Q1 will
indicated whether phrase Q2 (and each of the remaining query phrases, if any) is a
related phrase of Q1 and is present in the document. | '

vathe first case applies to Q2, the search system 120 scans the related
phrase bitvectorfbr each document d in Q1's posting list to determine if it has a bit set -
for Q2. If this bitis not set in for document d in QU's posting list, then it means that Q2
does not appear in that document As resgult, this document can be immediately
eliminated from further consideration. The remaining documents can then be scored.
This means further that it is unnecessaty for the search system 120 to process the posting
lists of Q2 to see wluch documents it is present in as well, thereby saving compute time,

If the second case applies to (2, then the two phrases are unrelated to
each other. For example the query ”cheapvbolt action rifle” has two phrases “cheap” and

“bolt action rifle”. Neither of these phrases is .telated to each other, and further the

related phrases of each of these do not overlap; i.e,, “cheap” has related phrases “low

cost,” “expensive,” “discount,” “bargain basement,” and “lousy,”, whereas “bolt

action rifle” has related phrases “gun,” “22 caliber”, “magazine fed,” and “ Armalite AR-
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30M”, hich lists thus do ot intersect. Tn this case, the search system 120 does the
regular intersection of the posting Bists of Q1 and Q2 to obtain the documents for

| -If the third case applies, then here the two phrases Q1 and Q2 that are not
related, but that do have at least one related phrase in common. For example the phrases
“bolt action rifle” and “22” would both have “ gun” as a‘revlabed phase. In this case, the
search system 120 retrieves the posting lists of both phrases Q1 and Q2 and intersects
the lists to produce a list of documents fhat contain both phrases.

| ‘The search system 120 can then quickly score each of the resulting
documents. First, the search system 120 determines a score adjusﬁnent value for each
document. The score adjustment value is a mask formed from thé bits in the positions
corresponding to the qﬁety phrases Q1 and Q2 in the related phrase bit vector fora
document: For example, assume that Q1 and Q2 correspond to the 3 and 6% bi-bit
positions in the related phrase bit vector for document d, and the bit values in 34
position are (1,1) and the bit values in the 6t pair are (1,0), then the score adjustment -
value is the bit mask “00 00 11 00 00 10”. The score adjustment value is ihen used to
masi( the related phrase bit vector for the documents, and modified phrase bit vectors
then are passed into the ranking function (next described) to be used in calculating a
b;)dy score for the documents.
2 Ranking

a) Ranking Documents Based on Contained Phrases
The search system 120 provides a ranking stage 604 in which the

documents in the search results are ranked, using the phrase information in each

document's related phrase bit vector, and the cluster bt vector for the query phrases.
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This approach ranks documents according to the phrases that are contained in the
document, or informally “body hits.”

As described above, for any given phrase g;, each document d in the gfs

: postmg list has ani associated related phrase bit vector that identifies which related -

phrases gy and which sécondary related phrases g are present in document d. " The more
related phrases and secondary related phrases present in a given document, the more |
bits that will be set in the document’s related phrase bit vector for the given phrase. The
more bits that are sé’c, the greater the numerical value of the related phrase bit vector.

Accordingly, in one embodiment, the search sysl:em 120 sorts the
documents in the seﬁrch results according to the value of theﬂ related phrase bit vectors.
The documents containing the most related phrases to the query phrases Q will have the
highest valued related phrase bit vectors, and these documents will be the highest-
ranking documents in the search results. '

This approach is desirable because semantically, these documents are

most topically relevant to the query phrases. Note that this approach provides highly

relevarit documents even if the documents do not contain a high ﬁequency of the input
query terms q, since related phrase information was used to both identify relevant
documents, and then rank these documents, Documents with a low frequency of the
input query terms may still have a Iarge number of related phrases to the query terms
and phrases and thus be more relevant than documents that have a high frequency of
just the query terms and phrases but no related phrases.

In a second embodiment, the search system 120 scores each document in
the result set according which related phrases of the query phrase Q it contains. This is

done as follows: .
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Given each query phrase Q, there will be some number N of related
phrase!;l Qrio ﬁ\é‘query phrase, as identified during the phrase identification process.
As described above,the related query phrases Qr are ordered according to their
information gain from the query phrase Q. These related phrases are then assigned
points, started with N points for the first related phrase Qrl (ie, the related phrase Qr
with the highest information gain from Q), then N-1 points for the next related phrase
Qr2, then N-2 poihts for Qt3, and so on, so that the last related phrase QN is assigned 1
point.. .

Each document in the search results is then scored by determining which
related phrases Qr of the query phrase Q are present, and giving the documerit the
points assigned to each such related phrase Qr. The documents are then sorted from
highest to lowest score. . |

As a further refinement, the search system 120 can cull certain documents
from the result set. In some cases documents may be about many different topics; this is
particularly the case for longer documents. In many cases, users prefer documents that
are strongly on point with respect to a single topic expressed in the query over
documents that are relevant to many different topics.

To cull these latter types of documents, the search system 120 uses the
cluster information in the cluster bit vectors of the query phrases, and removes any
document in which there are more than a threshold number of clusters in the document.
For example, the search system 120 can remove any documents that contain more than
two clusters. This cluster threshold can be predetermined, or set by thg user asa search

parameter.
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) Renking Documents Based on Anchor Phrases
: In addition to ranking the documents in the search results based on body
hits of duery phrases O, in one embodiment, the search system 120 also rarks the
documents baséd'on the appearance of query phrases Q and related query phrases Qr in
anchors to other documents. In one embodiment, the searc_h system 120 calculates a
score for each document that is a function (e.g,, linear combination) of two scores, a
body hit score and :an‘a'nchor hit scoré. - ‘

For example, the document score i;or a given document can be calculated
as follows: .

Score = .30%(body hit score)+.70%(anchor hit score).

“The weights of .30 and .70 can be adjusted as desired. The body hit score
for a document isvﬂ'te. numerical value of tﬁe highest valued related phrése bit vectc;r fﬁr
the document, ngen the query phrases Qp, in the manner described above,
Alternatively, this value can directly obtained by the search system 120 by looking up
each query phrasg Qin the index 150, accessing the document fro.m the posting list of
the query phrase Q, and then accessing the related phrase bit vecbr.

The anchor hit score of a document d a function of the related phrase bit
vectors'of the query phrases Q, where Q is an anchor term in a document that references
document d. When the indexing system 110 indexes the documents in the document
collection, it maintains for each phrase a list of the documents in which the phrase is
anchor text in an outlink, and also for each document a list of the mlmks (and the
associated anchor text) from other documents. The inlinks for a document are references

(e.g. hyperlinks) from other documents (referencing documents) to a given document.
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To determine the anchor hit score for a given document d then, the search
system|120 iterates over the set of referencing documents R (=1 to number of
referencing documents) listed in index by their anchor phﬁées Q, and sums the
following product V

o Ri.QRelated phrase bit vector*D.Q Related phrase bit vector.

The mﬁ@tvﬂuehmh a score of how topical anchor phrase Q is to
document D. Tlus score is here called the “inbound score.coﬁxpment." This product
effectively weights the current document I's related bit vector by the related bit vectors
of anchior phrases in the referencing document R. If the referencing documents R
themselves are related to the quexy phrase Q (and thus, have a hiéher valued related
phrase bit vector), then this increases the significance of the current docament D score.
The body hit score and the anchor hit score are then combined to create the document
score, as described above.

Next, for each of the referencing documents R, the related phrase bit
vector for each anchor phrase Q is obtained. This is a measure of how topical the anchor
phrase Qs to the document R. This value is here called the outbound score component.

From the index 150 then, all of the (Mg document, referenced
document) pairs are extracted for the anchor phrases Q. These paits ﬁe then sorted by
their associated (outbound score component, inbound score component) values,
Depending on the implementation, either of these components can be the primary sort
key, and the other can be the secondary sort key. The sorted results are then presented
to the user. Sorting the documents on the outbound score component makes documents
that have many related phrases to the query as anchor hits, rank most highly, thus

representing these documents as “expert” documents. Sorting on the inbound
42

-45-




2005203240 25 Jul 2005

document score makes documents that frequently referenced by the anchor terms the
most high ranked | v - -

3. Phrase Based Personalization of Search

_ Anomeraspectofmeseamhsysmuomhécap;bﬂnym personalize

606 or customize the ranking of the search results in accordance with a model of the
user’s particuiar intérests. In L’nis‘ manner, documents that more likely to be relevant to
the user's interests are ranked higher iin the search results. The personalization of search
result is as follows. » ' |

As a preliminary matte, it is useful to definea ﬁds interests (e.g., a user
model) in terms of queries and documents, both of which can be represented by phrases.
For an input search query, a query is represented by the querj phrases Q, the related
phrases of Qr, and phrase extensions Qe of the query phrases Qp. - This set of terms and
phrases thus représenbi the meaning of the query. Next, the meaning of a document is
1epresented by the phirases associated with the page. As described above, given a query
and dotument, the relevant phrases for the doc@mt are demﬁmd from the body
scores (the related bit vectors) for all phrases indexed to the document. Finally, a user
can be fepresented as the union of a set of queries with a set of documents, in terms of
the phrases that represent each of these elements. The particular documenis to include
in the set representing the user can be determined from wh_ich do_éuments the user
selects in previous search results, or in general biowsing of the cotpus (¢.g., aocesﬁing
documents on the Internet), using a client-side tool which mor;itors user actions and
destinations. |

The process of constructing and using the user'movdel for personalized

ranking is as follows.

-46-




2005203240 25 Jul 2005

Birst, for a given user, a list of the last K q’uéries and P documents
accesseh is mamtamed, where K and P are preferably about 250 each. The lists may be
maintained in a user a@mt database, where a user is recognized by alogin or by
browsex cookies. For a given user, the lists will be empty the first time the user provides
aquery.

Next, a query q is received from the user. The re[a¥ed phrases Qr of q are
retrievéd, along with the phrase extensions, i the manrie described above. This forms
the query model. .

In a first pass {e.g., if there are no stored query ufomaﬁon for the user),
the search system 120 operates to simply return the relévant documents in the search
result to the user's ¢iuery, without further cnstt;inized réxﬁdng. |

A client side browser tool monitors which of thé documents in the search
results the user accesses, e.g,, by clicking on the document link in the search results.
These accessed documents for the basis fqr selecting which phrases will become part of
the user model. For each such accessed documént. the search system 120 retrieves the
document model for the document, which is a list of phrases related to the document.
Each phrase that is related to the accessed document is added to the user model.

Next, given the phrases vrelahed to an accessed document, the clusters
associated with these phrases can be determined from the cluster bit vectors for each
phrase, For each cluster, each phrase that is a member of the cluster is determined by
looking the phrase up in its related phrase table that contains the cluster number, or
cluster bit vector representation as described above. This cluster number is then added
to the user model. In addition, for each such cluster, a counter is maintained and

incremented each time a phrase in that cluster is added to the user model. These counts
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may belused as weights, as described below. Thus, the user model is built from phrases
mcluded in clusteré Ihat are present on a document that the user has expressed an
interest'in by accessing the document. ; _

The same general approach can be more precwely focused to capture
phrase information where a higher level of interest than merely accessing the document
is manifested by the user (which the user may do simply to judge if indeed‘the
doctment is relevant). For example, the collection of phrases into the user model may
be limited to ﬁzose docurments that the user has printed, saved, stored as a favorite or
link, email to another user, or maintained open in a browser window for an extended
period of time (e.g., 10 minutes). These and other actions manifest a higher level of
interest in the document.

When another query is received from the user, the related query phrases
Qr are retrieved. These related query phrases Qr are intersected with the phrases listed
in the user model to determine which phrases are present in both the query and the user
model. A mask bit vector is initialized for the related phrases of the query Qr. This bit
vector is a bi-bit vector as described above. For each related phrase Qr of the query that
is also present in the user model, both of the bits for this related phrase are set in the
mask bit vector. The mask bit vector thus represents the related phrases present in both
the query and the user model. |

The mask bit vector is then used to mask the related phrase bit vector for
each document in the current set of search results by ANDing the related phrase bit
vector with the mask bit vector. This has the effect of adjuéﬁng the body score and the
anchor hit score by the mask bit vector. The documents are then scored for their body

score and anchor score as before and presented to the user, This approach essentially
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require$ that 2 document have the query phrases that are included in the user model in
order to be highly ranked.

7. Asanaltemative embodiment, which does not impose the foregoing tight
constraint, the mask bit vector can be cast into array, so that each bit is used to weight
the cluster counts for the related phrases in the user'model.( Thus, each of the cluster
counts gets multiplied by 0 or 1, effectively zeroing or maintaining the counts. Next,
these counts themiselves are used as weights are also used to multiply the related '
phrases for each document that is being scored. This approach has the benefit of
allowing documents &mt do not have the query phrases a.s.’related phrases to still score _
appropriately. ‘

Finally, the user model may be limited to a current session, where a
sessions an interval of time for active period of time in search, after which session the
user model is dumpei Alhemaﬁvely, the user model for a given user may be persisted
over time, and then down-weighted or aged.

IV. - Result Presentation

The presentation system 130 receives the scored and sorted search results
from the search system 120, and performs further orga:ﬁzatiorial, émmmﬁau, and
clustering operations prior to presenting the results to the user. These operations
facilitate the user’s understanding of the content of the search results, ehmmate
duplicates, and provide a more representative sampling.of the search results. FIG. 7
illustrates the main functional operations of the presentation system 130:

700: Cluster documents according to topic clusters

702: Generate document descriptions
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704: Eliminate duplicate documents.

Eachoffheseoperationstakesas anmputmesearchresultsm and
outputs modified search results 703, As suggested by FIG. 7, the order of these
operations is independent, anci may be varied as desired fora g'iven embodiment, and
thus the inputs may be pipelined instead of being in parallel as shown.

1. Dynamic Taxonomy Genuaﬁop for Presentation

For a given query, it is iypical to return hundreds, perhaps even
thousands of documents that satisfy the query. In many m, certain documents, while
having different content from each other, are sufficiently related to form a meaningful
group of related documents, essenﬁa]ly acluster. Most users however, do not review
beyond the first 30 or 40 documents in the search results. Thus, if the Erst 100
documents for example, would come from three clusters, but the next 100 documents
represent an additional four clusters, then without fu;'ﬂier adjustment, the user will
typically not review these later documents, which in fact may be quite relevant to the
user's query since they represent a variety of different topics related to the query. Thus,
it is here desirable to provide the user with a sample of documentis from each cluster,
thereby exposing the user to a broader selection of different documents from the search
results, The presentation system 130 does this as follows.

- As inother aspects of the system 100, the presentation system 130 makes
use of the related phrase bit vector for each document d in the search results. More
specifically, for each query phrase Q, and for éach document d in ()'s posting list, the
related phrase bit vector indicates which related phrases Qr are p;esent in the document.
Over the set of documents in the search results then, for each related phrase Qr, a count

is determined for how many documents contain the related phrase Qr by adding up the
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bit valubs in the bit position corresponding bo Qr. When summed and sorted over the
search results, the most frequently occurring related phrases Qr will be indicated, each
of which will be a cluster of documents. The most ﬁequénﬂy occurring related phraseis

the first cluster, which takes as its name its related phrase Qr, and so on for the top three

" tofive clusters. Thus, each of the top clusters has been identified, along with the phrase

Qr as a name or heading for the cluster.

Now, documents from each cluster can be presented to the user in
various:ways. In one épPHcaﬁon, a fixed number of documents from each cluster can be
presented, for example, the 10 toﬁ scoring documents in each cluster. In another
applicaﬁoﬂ a propofﬁbnal number of documents from each cluster may be presented.
Thus, i there are 100 documents in the search result, with 50 in cluster 1, 30 in cluster 2,
101in cluyster 3, 7 in cluster 4, and 3 in cluster 5, and its desired ;opresentorﬂym
documents, then the documents would be select as follows: 10 documents from cluster
1; 7 documents from cluster 2, 2 documents from cluster 3, and 1 document from cluster
4. The documents can then be shown to the user, grouped accc;tdmgiy under the
approptiate cluster names as headings. |

For example, assume a search query of “blue merle agility training”, for
which the search system 120 retrieves 100 documents. The search system 120 will have
already identified “blue merle” and “agility training” as query phrases. The related
phrases of these query phrages as:

“blue merie”:; ”Australi;n Shepherd,” “red merle,” “tricolor,” “aussic”;

“agility training:: “weave poles,” “teeter,” “tunnel,” “obstacle,” “border

collie”.
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The presentation system 130 then determines for each of the above

related phrases of each query phrase, acount of the number of documents contain such

phrase. Fer example, assume that the phrase “weave poies" appéars in75 of the 100

 documents, “teeter” appears in 60 documents, “red merle” appears in 50 documents.

Then the first cluster is named ”weavé poles” and a selected number of documents from
that cluster are presented; the second cluster is named “ﬁeﬁr,” and selected rmllmber are
presented as well, and so forth. For a fixed presentation, 10 cio’cummls fxo.m each

cluster inay be selected. A proportional presentation would use a proportionate number

of documents from each cluster, relative to the total number of ddcuments.

2. Topic Based Document Descriptions
A second fanction of the presentation system 130 is the creation 702 of a

document description that can inserted into the search result presentation for each
document. These descriptions are based on the related phrasé that are present in each
document, and thas help the user understand what the document is about in a way that
is conté(tually related to the search, The document descriptions can be éither general or
personglized to the user. .

a) General Topic Document Descriptions
As before, given a query, the search system 120 has determined the

related query phrases Qr and the phrase extensions of the query phrases as well, and
then identified the relevant documents for the query. The presentation system 130
accesses each document in the search results and perform the follow operations.

First, the presentation system 130 ranks the sentences of the document by

the number of instances of query phrases Q, related query phrases Qr, and phrase
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exhensmns Qp., thereby maintaining for each sentence of g document counts of these
three az{_pecls. v

Then the sentences are sorted by these counts, with the first sort key
being the count of query phrases Q, the second smkwhﬁgﬂm count of related query
phrases Qr, and the final sort key being the count of phrase extensions Qp.

‘Finally, the top N (e.g., 5) sentences following the sort are used as the
description of the document. This set of sentences can be formatted and included in the
presentation of the document in the modified search t;esults 703. This process is
repeated for some number of documents in the search results, and may be done on
demand each time the user requests a next page of the results.

b) Personalized Topic Based Document Descriptions
In embodiments where personalization of the search results is provided,

the dociument descriptions can likewise be personalized to reflect the user interests as
expressed in the user model. The presentation system 130 does this as follows.
v First, the presentation system 130 determines, as before, the related
phrases that are relevant to the user by intersecting the query related phrases Qr with
the user model (which lists the phrases occurting in documents accessed by the user).
The presentation system. 130 then stable sorts this set of user related
phrases Ur according to the value of the bit vectors themselves, prepending the sorted
List to thie list of query related phrases Qr, and removes any duplicate phrases. The
stable sort maintains the existing order of equally ranked phrases. This results ina set of
related phrases which related to the query or the user, called set Qu.
Now, the presentation system 130 uses this ordered list of phrases as the
basis for ranking the sentences in each document in the search results, m a manner

50

-53-




2005203240 25 Jul 2005

0

similar o the general document description process described above. Thus, for a given
document, the presentation system 130 ranks the sentences of the document‘by the
number of instances of each of the user related phrases and the query related phrases

Qu, and sorts the ranked sentences according to the query counts, and finally sorts

based on the number of phrase extensions for each such phx_‘asé. Whereas previously the

sort keys where in the order of the query phrases Q, related query phrases Qr, and
phrase extensi&n Qp, here the sort keys are in the ordér of the highest to lowest ranked
user related phrases Ur.

Again, this process is repeated for the documents in the search results
(either ¢n demand or afmeha.nd). For each such document then thé resulting document
description comprises the N top ranked sentences from the document. Here, these
sentences will the ones that have the highest numbers of user related phrases Ur, and
thus represent the key sentences of the document that express the concepts and topics
most relevant to the user (at least according to the information captured in the user
model). | |

3. Duplicate Document Detection and Flimination
In large corpuses such as the Internet, it is quite common for there to be

multiple instances of the same document, or portions of a document in many different
locations. For example, a given news article produced by a news bureau such as the .
Associated Press, may be replicated in a dozen or more websites of individual
newspapers. Including all of these duplicaté documents in response {0 a search query
only burdens the user with redundant information, and does not usefully respond to the
query. Thus, the presentation system 130 provides a further capability 704 to identify
documents that are likely to be duplicates or near duplicates of each other, and only
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includelone of these in the search results. Cbnsequmﬂy, the user receives a much more
diversified and robust set of results, and does not have 0 was£e time reviewing
documénts that are dﬁp]jcates of each oﬁer. The presentation system 130 fstovides the
functionality as follows.

The presentation system 130 prbcesses each document in the search result
set 701. For each document d, the presentation system 130 first determines the list of
related phrases R associated with the document. For each of these related phrases, the
Presentation system 130 ranks the sentences of the document according to the frequency
of occurrence of each of these phrases, and thén selects the top N (e.g., 5 to 10) ranking
sentences, This set of sentences is then stored in association with the document. One
way to do this is to concatenate the selected sentences, and then take use a hash table to
store the document identifier. v

Then, the presentation system 130 compares the seleched. sentences of
each document d to the selected senten.ces of the other docyments’i.ﬁ the search results
701, and if the selected sentences match (within a tolerance), the documents are
presumed to be duplicates, and one of them is removed from the search results, For
example, the presentation system 130 can hash the concatenated sentences, and if the
hash table already has an entry for the hash value, then this indicates that the cu.rrent.
document and presently hashed document are duplicates. The presentation system 130
can then update the table with the document ID of one of the docmﬁents. Preferably,
the presentation system 130 keeps the document that has a higher page rank or other
query independent measure of document significance. In addiﬁon, the presentation
system 130 can modify the index 150 to remove the duplicate domﬁmt so that it will

not appear in future search results for any query.
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The same duplicate mﬁm pmcess may be applied by the indexing
system th directly. When a document is crawled, the above described document
description process is performed to obtain the selected sentences, and then the hash of
these sentences, If the hash table is filled, then again the newly crawled document is
deemed to be a duplicateof a previous document. Again, the indexing system 110 can

then keep the document with the higher page rank or other que:ry independent measure.

The present invention has been described mparhcula.r detail with respect

to one possible embodiment. Those of skill in the art will appreciate that the invention
may be practiced in other embodiments. Pirst, the patticuia'r Mg of &lg components,
capitalization of texms, the attributes, data structures, or any other programming or
structural aspect is not mandatory or significant, and the mechanisms that implement
the invention or its features may have different names, formats, or protocols. Further,
the system may be implemented via a combination of hardware and software, as
described, or entirely in hardware elements. Also, the particular division of functionality
between the various system components described herein is merely exemplary, and not
mandatpry; functions performed by a single system compornent may instead be
perfornied by muiﬁple components, and functions performed by multiple components
may instead performed by a single component.

Some portions of above description present the features of the present
invention in terms of algorithms and symbolic representations of operations on
information. These algorithmic descriptions and representations are the means used by
those skilled in the data processing arts to most effectively convey the substance of their
work toothers skilled in the art. These operations, while described functionally or

logically, are understood to be implemented by computer programs. Furthermore, it has
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also proven convenient at times, to refer to these arrangements of operations as modules
or by functional names, without loss of generality.

Unless specifically stated otherwise as apparent from the above
discussjon, it is appreciated that throughout the description, discussions utilizing terms
such as“processing” or “computing” or “calculating” or “determining” or “displaying”
or the like, refer to the action and processes of a computer system, or similar electronic
computing device, that manipulates and transforms data represented as physical
(electronic) quantities within the computer system memories or registers o other such
information Stdrége, transmission or display devmes. '

' Certam aspects of the present invention mclude process steps andi
instructions described herein in the form of an algorithm. It should be noted that the
process steps and instructions of the present invention could be embodied in software,
firmwate or hardware, and when embodied in software, could be downloaded to reside
on and be operated from diﬁereﬁt platforms used by real time network operating .
systems.

The present invention also relates to an apparatus for performing the
operations herein, This apparatus may be specially constructed for the required
purposes, or it may comprise a general-purpose computer sdecﬁvely activated or
reconfigured by a computer program stored on a computer readable medium that can be
accessed by the computer. Such a computer program may be stored in a computer
readable storage medium, such as, but is not limited to, any type of disk including
floppy disks, optical disks, CD-ROMs, magnetic-optical disks, read-only memories
(ROMs), random access memories (RAMs), EPROMSs, EEPROMSs, magnetic or optical

cards, application specific integrated circuits (ASICs), or any type of media suitable for
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storing electronic instructions, and each coupled to a computer system bus.
Furthenaore, the computers teferred to in the specification may include a single
processor or may be architectures employing multiple processor designs for increased
computing capability. » _

The algorithms and operations presented herem are not inherently. - '
related to any parliéular computer or other apparatus. Vatious general-purpose systems
may also be used wiﬂl programs in accordancé with the teachings herein, or it may
prove convenient to construct more specialized apparatus to perform the required
method steps. The required structure for a variety of these systems will be apparent to
those of skill in the, along with equivalent variations. In additiun., the present invention
is not described with reference to any particular programming language. Ttis
appreciated that a variety of progranuning languages may be used to implement the
teachings of the present invention as described huﬁ and any references to specific
languages are provided for disclosure of enablement and best mode of the present
invention.

The present invention is well suited to a wide variety of computer
network sysbéms over numerous topologies. Within this field, the configuration and
managément of large networks comprise storage devices and conjputers that are
communicatively coupled to dissimilar computers and storage devices over a network,
such as the Internet.

Finally, it should be noted thth the language used in the specification has
been principally selected for readability and instructional purposes, and may not have

been selected to delineate or circumscribe the inventive subject matter. Accordingly, the
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disclost,kre of the present invention is intended to be illustzative, but not limiting, of the

scope of the invention, which i3 set forth in the foﬂowmgdaﬁx;a
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L. A computer implemented method for identifying valid phrases in a document

collection, the method comprising:

collecting possible phrases from documents in the document collection;

classifying individual possible phrases as either a good phrase or a bad phrase
according to a frequency of occurrence of the individual possible phrase;

determining, for a pair of good phrases gj and g in the document collection, an
information gain of gx with respect to g; as a function of an actual co-
occurrence rate of g; and gy and an expected co-occurrence rate of gj and
g« in the document collection;

selectively retaining as valid phrases those good phrases that predict the
occurrence of at least one other good phrase in the document collection,
where a good phrase gj predicts the occurrence of another good phrase
g« in the document collection when the determined information gain of
g« in the presence of gj exceeds a first predetermined threshold;

identifying, for a plurality of selectively retained valid phrases gy a phrase gy as
arelated phrase of g, where the information gain of gy in the presence of
g exceeds a second predetermined threshold that is more restrictive than
the first predetermined threshold; and

storing the valid phrases and identified related phrases on e computer-readable

storage medium,

The method of claim 1, wherein collecting possible phrases comprises:
traversing the words of a document with a multiword phrase window, and
selecting as candidate phrases all sequences of words in the window that

begin with a first word in the window.
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3. The method of claim 2, wherein the phrase window includes at least 4 words.
4. The method of any one of claims 1 to 3, wherein collecting possible phrases
comprises:

maintaining for each possible phrase and each good phrase a frequency count of
a number of documents containing the phrase;

maintaining for each possible phrase and each good phrase a frequency count of
a number of instances of the phrase; and

maintaining for each possible phrases and each good phrase a frequency count

of a number of distinguished instances of the phrase.

5. The method of claim 4, wherein a distinguished instance of a phrase comprises
a phrase distinguished from neighboring content in the document by grammatical or

format markers.

6. The method of any one of claims 1 to 5, wherein classifying each possible
phrase as either a good phrase or a bad phrase comprises:
classifying a possible phrase as a good phrase where the possible phrase appears
in a minimum number of documents, and appears a minimum number of

instances in the document collection,

7. The method of any one of claims 1 to 5, wherein classifying each possible
phrase as either a good phrase or a bad phrase comprises:
classifying a possible phrase as a good phrase where the possible phrase appears
in a minimum number of distinguished instances in the document

collection.

8. The method of any one of claims 1 to 7, wherein the first predetermined
threshold is 1.

9. The method of claim 1, wherein the information gain of g; with respect to g is:
1G.k) = AG.kVE( k)
wherein

A(,k) is an actual co-occurrence rate of g; and g; and
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E(j,k) is an expected co-occurrence rate of gj and g.

10.  The method of claim 9, wherein good phrases g; and g co-occur in a document

when g; and g are within a predetermined number of words of each other.

11.  The method of any one of claims 1 to 10, wherein retaining good phrases that
predict the occurrence of at least one other good phrase in the document collection
comprises:

removing a good phrase having an information gain with respect to a plurality

of other good phrases less than a predetermined threshold.

12.  The method of any one of claims 1 to 11, further comprising:

removing incomplete phrases from the good phrases.

13.  The method of claim 12, wherein an incomplete phrase is a phrase that only
predicts its phrase extensions, and wherein a phrase extension of a phrase is a super-

sequence of the phrase that begins with the phrase.

14.  The method of claim 12, further comprising:
maintaining for each incomplete phrase at least one phrase extension of the
incomplete phrase; and
responsive to a phrase in a search query being an incomplete phrase, including
in the search query at least one phrase extension of the incomplete

search phrase.

15.  The method of any one of claims | to 14, wherein the second predetermined
threshold is about 100.

16.  The method of claim 1, further comprising:
for each phrase gj, identifying a cluster comprising the phrase and at least one

related phrase gy.

17. The method of claim 1, further comprising:
for each phrase g;, identifying a set R including a plurality of related phrases;
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20.

21.

determining for each pair of related phrases in set R an information gain of the
pair of related phrases; and

identifying as a cluster of related phrases of g;, phrase g; and each the related
phrase in set R that has non-zero information gain with respect to each

other phrase in set R.

The method of claim 17, further comprising:
assigning each cluster a unique cluster number as a function of the related

phrases included in the cluster.

The methed of claim 17, further comprising:
assigning to the cluster a name comprising the related phrase having a highest

information gain of the related phrases in the cluster.

The method of claim 1, further comprising:
for a phrase g;, storing a bit vector in which each bit position corresponds to a
valid phrase, and the bit corresponding to the bit position indicates

whether the valid phrase is a related phrase of g;

A computer program product, for identifying phrases in a document collection,

comprising computer operable instructions stored on a computer-readable storage

medium and configured to control a processor to perform the operation of:

collecting possible phrases from documents in the document collection;

classifying individual possible phrases as either a good phrase or a bad phrase
according to frequency of occurrence of the possible phrase;

determining, for a pair of good phrases g; and gy in the document collection, an
information gain of gy with respect to g; as a function of an actual co-
accurrence rate of gj and gy and an expected co-occurrence rate of gj and
g« in the document collection;

selectively retaining those good phrases that predict the occurrence of at least
one other good phrase in the document collection, where a good phrase

g predicts the occurrence of another good phrase gi in the document
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collection when the determined information gain of g in the presence of
g;exceeds a first predetermined threshold;

identifying, for a plurality of selectively retained valid phrases gy, a phrase g, as
a related phrase of g, where the information gain of g, in the presence of
g exceeds a second predetermined threshold that is more restrictive than
the first predetermined threshold; and

storing the selectively retained good phrases on a computer-readable storage

medium.

22.  The computer program product of claim 21, wherein the information gain of g;
with respect to gy is defined as I(j,k) = A(j,k) / E(j,k), where A(j,k) is an actual co-

occurrence rate of g; and gi, and E(j,k) is an expected co-occurrence rate of g; and gy.

23. A computer implemented method for indexing documents in a document
collection, the method comprising:
collecting possible phrases from documents in the document collection;
classifying each possible phrase as either a good phrase or a bad phrase
according to a frequency of occurrence of the possible phrase;
determining, for a pair of good phrases g; and g in the document collection, an
information gain of g, with respect to g; as a function of an actual co-
occurrence rate of g; and g, and an expected co-occurrence rate of g; and
& in the document collection;
storing as valid phrases, on a computer-readable storage medium, only good
phrases that predict the occurrence of at least one other good phrase in
the document collection where a good phrase g; predicts the occurrence
of another good phrase g in the document collection when the
determined information gain of g in the presence of g;exceeds a first
predetermined threshold;
identifying, for a plurality of selectively retained valid phrases g,, a phrase g, as
a related phrase of g, where the information gain of g, in the presence of
grexceeds a second predetermined threshold that is more restrictive than

the first predetermined threshold; and
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indexing documents in the document collection with respect to the valid phrases

and the related phrases.

24, The method of claim 23, wherein the information gain of g, with respect to g; is
defined as I(j, k) = A(j, k) / E(j, k), where A(j, k) is an actual co-occurrence rate of g;

and g, and E(j, k) is an expected co-occurrence rate of g; and g.

25.  The method of claim 23, wherein collecting possible phrases comprises:

maintaining for each possible phrase and each good phrase a frequency count of
a number of documents containing the phrase;

maintaining for each possible phrase and each good phrase a frequency count of
a number of instances of the phrase; and

maintaining for each possible phrases and each good phrase a frequency count
of a number of distinguished instances of the phrase, a distinguished
instance of the phrase comprising the phrase distinguished from

neighboring content in the document by grammatical or format markers.

26.  The method according to any one of claims 1 to 20 or any one of claims 24 or
25, or the computer program product according to any one of claims 21 or 22, or the
computer implemented method according to claim 23, substantially as hereinbefore

described with reference to any one of the Examples and/or Drawings.

DATED this TWENTY SEVENTH day of NOVEMBER 2008
Google Inc.

by Patent Attorneys for the Applicant:
F.B. RICE & CO.

62

-65-




2005203240 25 Jul 2005

l>/s

190 170
Websites |~ ™! Client
A
]
180
Sea
internet 5.0 Search
L — .
100 L
140 wodied
FrontEnd |je———g Topos
Server
Query
y
110 120 130
Indexing Search | —por'»{ Presentation
System System - System

{

! ]

150
Index

FIG. 1

-66-




2005203240 25 Jul 2005

2/8 '

200
Collect Possible and
Good Phrases, and

Cooccurence. Statistics 160
" Phrase Data
. 208
202
Classify Possible Phases
as Good Phrases or Bad Co
Phrases o-oocu.renoe
Matrix
Incomplete
Phrases
204 T

Prune Good Phrases
biased on Information
Gain and Phrase
Extensions

FIG. 2

67-




2005203240 25 Jul 2005

304 .
30 .
Despite it's name, the Australian Shepherd as we know it was

3/8}

- 800 ‘\
History and Origin of the Ausfralian Shephe_rd

developed in the United States. In the late 1800's, the for-
runners of today's "Aussies” came to the western and north-
wester states a§ stock dogd fof thd Basque

302 ’ :
_l-accompanied the vast numbers of sheep being imported from

Australia. These hard working, medium sized, "litde blue dogs"
impressed the American ranchers.

— 304

30
The Australian Shepherd Club of America (ASCW
in 1957 to promote the breed, and several clubs- kept breed

registries. A unified standard was adopted in 1976, and the
'regiétries combined fn 1980. (National Stock Ddg Registry
keeps a separate Australian Shepherd registry.) ASCA has
promoted the breed with conformation, stock-dog (herding),
and obedience programs, and a recently formed rescue
program. An excellent book about the breed is "All About
Aussies"” by Jeanne Joy Hartnagle.

FIG. 3

-68-




2005203240 25 Jul 2005

4/8

400
Identify Related Phrases

v by High Information Gain

'

402
Identify Clusters of -
Related Phrases using
Information Gain

404 )
Store Cluster Bit Vector
and Cluster Number

FIG. 4

-69-




2005203240 25 Jul 2005

5/8

500
Post Documentto -
Posting Lists of Good
Phrases in Document

y
, 502 <
Update Instance Counts
and Bit Vector of Related
Phrases for each Good
Phrases

. 504 .
Annotate Related Phrase
Bit Vectors Based on
Anchor Phrases

506
Reorder index According
to Number of Documents
in each Posting List

FIG. 5

-70-




2005203240 25 Jul 2005

6/8 .

600 _
Identify Phrases in the
Query

A i

602
Identify Relevant
~ Documents

h 4

604
Rank Documents Based
on Related Phrases

606
Personalize Ranking of
Results
(Optional)

FIG. 6

-71-




2005203240 25 Jul 2005 |

7/8

701
Search Results

/

- 702 704

Construct ng? or Eliminate

Document Documents Duplicate
Descriptions ’ Documents

703
Modified
Search Results

FIG. 7

-72-




2005203240 25 Jul 2005

URLO

URLA1

D e
e
AL A A a-mA
A N, LN AL A

o,

TN ey T ey

Pkt

= A -
W T TN e ™
RN T matay T ™

N ey P~

[T L

A A AN

AL~ e v
P i i ]
AL A L~ A
PR e AL A

Ty T

T e~ T

Ve e
P L e b
NN C et T T~
R R R Tt T P
A A AL~

e R e P =

URLO

FIG. 8a R

URL1

P R i )
v T v s B N e T ™
P T T TR
A e A

TR T e O e o T s

N

J‘BM

e A
e T T e e T A N T o Y
QUSSR A AN
P T Nt P ™
NP

At o AN

e R
e T e o T A e Py e T
T A o e .
rhmmn A Al

W s T -

A~ et

T e e s S
e e e Rt et
NN Ty T e
ey F
A N~ A~

N e A~ A

FIG. 8b

-73-




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

