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SEARCH SYSTEM AND METHOD
WITH TEXT FUNCTION TAGGING

[0001] This application claims priority to U.S. Provisional Application No.
60/788,730. filed April 4, 2006, the contents of which are incorporated-herein by

reference.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The present invention is directed to search systems and methods that
facilitates identification and retrieval of additional electronic documents
associated with a reference document provided in a search results page. More
specifically, the present invention is directed to a search system and method that

uses text function tagging.
Description of Related Art

[0003] Electronic searching across large document corpora is one of the most
broadly utilized applications on the Internet, and in the software industry in
general. Regardless of whether the sources to be searched are a proprietary or
open-standard database, a document index, or a hypertext collection, and
regardless of whether the search platform is the Internet, an intranet, an extranet,
a client-server environment, or a single computer, searching for a few matching
texts out of countless candidate texts, is a frequent need and an ongoing
challenge for almost any application.

[0004] One fundamental search technique is the keyword-index search that
revolves around an index of keywords from eligible eléctronic documents. In

this method, a user’s inputted query is parsed into individual words (optionally
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being stripped of some inflected endings), whereupon the words are looked up in
the index, which in turn, points to electronic documents or items indexed by
those words. Thus, the potentially relevant electronic documents are identified:
and displayed for the user, generally in a sequenced fashion which is ordered
based on supposed relevancy of the decument to the search query. This sort of
search service, in one form or another, is accessed countless times each day by
many millions of computer and Internet users, and it is the basis of the Internet
search services provided by Lycos®, Yahoo®, and Google®, used by tens of
millions of Internet users daily.

[0005] Whenever users perform keyword searches over large document
collections, they usually are left wanting more of relevant electronic documents
than those identified in the initial search results and displayed on a search engine
results page (“SERP). A common method of assisting users in this predicament
is to provide hyperlinks associated with each of the particular “hits” (i.e.
particular documents identified) on the SERP. Upon selection of this hyperlink,
the user interface typically displays another page with additional electronic
documents that are supposedly relevant to the document for which the hyperlink
was selected. This optional feature is generally implemented by providing a
“More like this” or “Similar pages” hyperlink placed immediately next to the
hyperlink of each document in the SERP.

[0006] Typically, upon selection of such “Similar pages” link, the search
engine identifies and displays additional electronic documents that have surface
characteristics in common with the document identified for which the “Similar
pages” link was selected. The common characteristics between the displayed
document and the additional documents may include identical or similar content
words in their title, and/or presence of identical or similar keywords submitted in
the user’s search query. If a topic category is known, the additional documents

identified may be required to match the category of the reference document as

well.
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[0007] Many search engines and systems that implement such “Similar
pages” feature for identifying and displaying additional documents to the user
suffer from identifying documents which are not really relevant to the reference
document. In particular, there are problems with recommending documents in
an overlapping--domain or category, even when they share many - similar
keywords of a user’s search query. For example, an automobile website
concerning the history of automobiles, and another website concerning their
repair, may both be members of the same general domain of “automobiles,” and
may both share common keywords such as “Ford,” “performance,” and
“engine,” despite one being completely irrelevant to users’ interests in the other
sub-domain. Thus, the actual relevance of the additional documents identified
and displayed may be very low, and not very helpful to the user.

[0008] Therefore, there exists an unfulfilled need for a search system and
method that addresses the above identified limitations of conventional search
engines and “Similar pages” feature used in such conventional search engines.
In particular, there exists an unfulfilled need for a search- system that
recommends to the user, additional documents which are relevant to the main
document for which a “Similar pages” link is selected, rather than

recommending irrelevant documents.
SUMMARY OF THE INVENTION

[0009] In seeking to provide a search system and method that addresses the
above identified limitations of conventional search engines and “Similar pages”
feature, the inventor of the present application recognized that the limitations of
conventional search systems and methods are generally due to an insufficient
model of semantic context, and from an inability to transport that context across
taxonomies. The inventor recognized that when users select “Similar pages”
hyperlinks associated with particular documents displayed on a search engine
results page (SERP), the users are not making this selection merely based on the
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link of the reference document displayed in the SERP. Instead, the users are
likely making this selection taking into consideration a text excerpt such as a
sentence or a snippet (i.c. a small portion of a sentence) from the reference
document that is displayed for the user in the SERP next to, or below, a
hyperlink to the reference document-itself. -The text excerpt, sparse though it
may be, provide a ‘crucial semantic context. Thus, the present inventor
recognized that the text excerpt such as the sentence or snippet can be analyzed
to guide, or filter, the recommendation of other additional documents for the
user.

[0010] Usually, the only “model” of these contexts is a vector of keywords
contained in the sentences or snippets of the text excerpts. While being helpful
in many cases, such a limited model under-utilizes the available context of the
user’s action of clicking the “Similar pages” hyperlink, and tends produce results
exhibiting much of the same limitations and deficiencies as the original keyword
search. This is largely due to the fact that identification of the additional
documents which are supposedly relevant to the reference document is based on
much the same methodology, for example, finding identical or similar content
wdrds in titles of the additional documents, and/or presence of identical or
similar keywords of the user’s search query within the additional documents.
[0011] ' However, to provide improved utility and function to the user, the
search system should identify and retrieve only those documents that match the
search query words for, and also ensure that the documents also belong to an
overlapping domain with the domain of the reference document. In addition, the
search system should also consider some thematic elements of the text excerpt
corresponding the user’s request. This would enhance the relevance of the
additional documents that are identified and displayed to the user by the search
system upon selection of the “Similar pages” hyperlink associated with a

particular document.
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[0012] To accomplish the above, a full-scale parser and a semantic role
analyzer may be applied to the documents to extract a rich set of semantic roles
which can then be used to identify truly relevant additional documents.
However, there are several pragmatic considerations that should be considered
for this-described solution which makes such use of a full-scale-parser- and a
semantic role analyzer prohibitive for application in a search systems that
executes broad, large scale searches for average users.

[0013] In particular, there are constraints on accessing the full text of
documents referenced in the SERP. Full document text is, for all practical
purpose, not available to the search engine for identifying the additional
documents that are relevant to the reference document, the documents being
retrieved based on indexed key search query terms. In addition, even if the full
text was available for analysis, because of the amount of parsing required, real-
time latency would increase dramatically. The time required to display a SERP
in response to a query would be unacceptable to most users. In order to
minimize such latency, computing capacity could be increased. However, this
would substantially increase cost of the search system, and some of the latency
would still likely exist.

[0014] Another solution option would be to establish an ontologically
faceted collection ahead of time so that each document is further cross-
referenced to other documents as well as key search query terms. This would
allow cross-referenced documents to be quickly be identified and displayed as
additional documents relevant to a selected particular reference document.
However, this solution requires a substantial editorial investment, and
significantly increases costs. Therefore, such a solution is also not optimal for a
search systems.

[0015] In view of the above, the present invention provides a search system
and method for facilitating retrieval additional electronic documents which

applies lightweight, extraction of useful themes from un-annotated texts so that
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the system and method are not resource intensive, and costs increases due to the
added functionality can be minimized. As explained in further detail below, the
search system and method of the present invention uses text function tagging to
identify related text excerpts of other relevant documents. This provides a more
robust modeling of the text excerpt-which had drawn the-user’s interest in a hit
list of the SERP. These text function tags can be used, in conjunction with key
search query terms and overlapping domains, to identify documents that are
relevant to a particular reference document.

[0016] More specifically, it is fairly inexpensive in terms of computing
- resources to identify a limited number (for instance, two hundred) candidate hit
documents that satisfy the keywords of the search query entered by the user.
- Knowing that the typical user will look only through the first top ten or twenty
documents manually, the available text excerpts of the remaining identified
electronic documents of the SERP can be quickly analyzed to determine which
document is relevant to which of the top reference documents identified, so that
these relevant documents can be displayed when the user selects a “Similar
pages” hyperlink associated with a particular reference document.

[0017] Thus, as explained in further detail below, the search system and
method of the present invention very quickly extracts the needed thematic
elements from the additional hit documents of the SERP to identify, and
associate, those documents that are very likely to be relevant to the highest
ranked reference documents. The additional documents can then be displayed in
response to the users’ selection of the “Similar pages™ hyperlink of the reference
document.

[0018] In view of the foregoing, one aspect of the present invention is a
search system for identifying electronic documents and for providing search

results in response to a search query.
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[0019] Another aspect of the present invention is a method for identifying
electronic documents and for providing search results in response to a search
query.

{0020} An advantage of the present invention is in providing a search system
and method-that recommends to the user, documents which-are-relevant to-the -
document for which a “Similar pages” link is selected.

[0021] Another advantage of the present invention is in providing such a
system and method that allows the relevant documents to be identified quickly,
and without substantially increasing latency in generation of a search engine
results page.

[0022] Still another advantage of the present invention is in providing such a
system and method that is cost effective and does not require substantial
increases in human and technological resources.

[0023] In accordance with one embodiment, the search system includes a
user interface module that receives a search query from a user, and a search
engine that accesses a corpus of electronic documents to identify a
predetermined number of documents that satisfy the search query. The
identified documents include predetermined number of reference documeﬁts
which are a subset of the identified documents deemed by the search engine to
be most relevant to the search query, and secondary documents which are not
reference documents. The user interface module further generates a search
engine results page in response to the search query, the search engine results
page including a listing of the identified reference documents, each with a
hyperlink to at least one secondary document.

[0024] In accordance with another embodiment, the search system further
includes a text function tagger that parses text excerpts of the reference
documents and the secondary documents, and applies text function tags to the
text excerpts of the reference documents and secondary documents. The text

excerpts parsed by the text function tagger may include sentences and snippets.
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[0025] The search system may further include a secondary processing
module that identifies those secondary documents that have a text function tag
that matches a text function tag of a reference document, so that selection of a
“Similar pages” hyperlink generates a display of secondary documents that are
- determined to at least have a text-function tag that is determined to be a match -
with a text function tag of the reference document for which corresponding
hyperlink was selected. In the above regard, the secondary processing module
may be further adapted to determine whether the matching text function tags of
reference document and the secondary document are for the same, or similar,
word so that the display of secondary documents are limited to those secondary
documents that are determined to have a text function tag that matches the text
function tag of the feference document for the same or similar word.

[0026] In accordance with still another embodiment, the secondary
processing module may be implemented to ignore predetermined text function
tags applied by the text function tagger. In yet another embodiment, the
secondary processing module may be implemented to group predetermined text
function tags applied by the text function tagger so that any text function tag of a
secondary document that is within the group is deemed to match any text
function tag of a reference document that is also within the group. Moreover,
the secondary processing module may be further adapted to refer to an electronic
thesaurus or WordNet to determine whether words tagged by the text function
tagger are similar, if they are not the same.

[0027] In accordance with another embodiment, a search system for
identifying electronic documents stored on a computer readable media, and
providing a search result in response to a search query is provided, the search
system including a user interface module that receives a search query from a
user, and a search engine that accesses a corpus of electronic documents to
identify documents that satisfy the search query. The user interface module

generates a display of a search engine results page in response to the search
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query, the search engine results page including a listing of a subset of the
identified documents deemed by the search engine to be most relevant to the
search query. Each of the listed documents have a hyperlink to at least one
similar document that is relevant to the listed document corresponding to the
-hyperlink; the similar document being selected from the documents-that- satisfy
the search query which were identified by the search engine.

[0028] In one embodiment, the method for identifying electronic documents
and providing a search result in response to a search query includes receiving a
search query, and identifying a predetermined number of documents that satisfy
the search query, the predetermined number of documents including reference
documents which are a subset of the identified documents that are deemed to be
the most relevant to the search query, and secondary documents which are not
the reference documents. The method also includes generating a search engine
results page in response to the search query, the search engine results page
including a listing of the identified reference documents, each with a hyperlink
to at least one secondary document.

[0029] In accordance with another embodiment, the method may also
include parsing text excerpts of the reference documents and secondary
documents, and applying text function tags to the text excerpts of the reference
documents and secondary documents. In this regard, the text excerpts parsed
may include sentences and snippets. The method may further include
identifying those secondary documents that have text function tags that matches
a text function tag of a reference document so that upon receiving a selection of
a hyperlink, a display of secondary documents is generated which are
determined to at least have a text function tag that matches a text function tag of
the reference document for which corresponding hyperlink was selected. |

[0030] In still another embodiment, the method may include determining
whether the matching text function tags of reference document and the

secondary document are for the same, or similar word, and limiting the display
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of secondary documents to those secondary documents that are determined to
have a text function tag that matches the text function tag of the reference
document for the same or similar word.

[0031] In other embodiments, the method may also include ignoring
--- predetermined text function tags.-applied, -and/or grouping predetermined text
function tags together so that any text function tag of a secondary document that
is within the group is deemed to match any text function tag of a reference
document that is also within the group. In addition, an electronic thesaurus or
WordNet may be referenced in order to determine whether words tagged are
similar, if they are not the same.

[0032] In still another embodiment, the method for identifying electronic
documents and providing a search result in response to a search query includes
receiving a search query from a user, accessing a corpus of electronic documents
to identify documents that satisfy the search query, and generating a search
engine results page in response to the search query. The search engine results
page includes a listing of a subset of the identified documents deemed to be most
relevant to the search query, each of the listed documents having a hyperlink to a
similar document, where the similar document is selected from the identified
documents that satisfy the search query.

[0033] Yet another aspect of the present invention is a computer readable
media with instructions for identification of electronic documents and generation
of search results in response to a search query in the manner described above
relative to the search system and search method.

[0034] These and other advantages and features of the present invention will
become more apparent from the following detailed description of the preferred
embodiments of the present invention when viewed in conjunction with the

accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Figure 1 is a schematic illustration of a search system in accordance
with one embodiment of the present invention.

[0036] Figure 2 is a schematic illustration of a portion of a search engine
search results page having “Similar pages” hyperlink.

[0037] Figure 3 is a flow diagram illustrating a method in accordance with

one embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0038] Figure 1 illustrates a schematic view of a search system 10 in
accordance with one embodiment of the present invention for searching
electronic documents stored in a computer readable media, and providing a
search result in a search engine results page (SERP) in response to a user search
query. As explained herein below, the search system 10 of the present invention
utilizes text function tagging fo identify related text excerpts in the electronic
documents identified by the search system 10, to thereby provide additional
documents related to a particular reference document. Of course, it should be
understood that as used herein, the term “document” refers to any computer
readable file, regardless of format and/or length. For instance, web pages of
websites, word processing documents, presentation- documents, spreadsheet
documents, PDF documents, etc., are all examples of electronic documents
referred to herein.

[0039] It should also be understood that the search system 10 of Figure 1
may be implemented with any type of hardware and/or software, and may be a
pre-programmed general purpose computing device. For example, the search
system 10 may be implemented using a server, a personal computer, a portable
computer, a thin client, or any suitable device or devices. The search system 10

and/or components thereof may be a single device at a single location or
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multiple devices at a single, or multiple, locations that are connected together
using any appropriate communication protocols over any communication
medium such as electric cable, fiber optic cable, or in a wireless manner.

[0040] It should also be noted that the search system 10 in accordance with
the present invention is illustrated-and discussed herein as having a plurality of
components or modules which perform particular functions. It should be
understood that these components or modules are merely schematically
illustrated based on their function for clarity purposes only, and do not necessary
represent specific hardware or software. In this regard, these components or
modules may be hardware and/or software implemented to substantially perform
the particular functions discussed. Moreover, they may be combined together
within the search system 10, or divided into additional components or modules
based on the particular function desired. Thus, the present invention, as
schematically embodied in Figure 1, should not be construed to limit the search
system 10 of the present invention, but merely be understood to illustrate one
example implementation thereof.

[0041] Referring again to the illustrated embodiment of Figure 1, the search
system 10 includes a processor 20 that is connected to a corpus 22 having a
plurality of electronic documents 24 therein. It should be evident that the corpus
22 illustrated is remotely located, and is in communication with the search
system 10, via a network such as the Internet 2. Of course, in other
embodiments, the corpus 22 may be provided within the search system 10 itself
as a component thereof. The plurality of electronic documents 24 in the corpus
22 may be indexed in accordance with key words as known in the art, and
further domain tagged to identify general domain of each electronic document
24 which corresponds to the general content or subject matter of the electronic
documents. An electronic thesaurus 26, which may be Word Net, for example,

is also provided.
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[0042] The search system 10 is further provided with a search engine 30
which is adapted to receive a query from a user via a user interface module 34,
and to search and retrieve electronic documents from the corpus 22 that satisfy
the entered search query. In the illustrated embodiment, the search engine 30
smay --operate - in-a substantially conventional- manner- to- quickly perform a
keyword search to identify those documents in the corpus 22 that satisfy the
received search query. The search results can be displayed to the user via the
user interface module 34 in a search engine results page (SERP) with a listing of
documents. The search system 10 in accordance with the illustrated embodiment
of the present invention is further provided with a secondary processing module
40 and a function tagger 50, as shown in Figure 1, the function of which are
discussed in further detail below.

[0043] In accordance with one preferred embodiment, the search system 10
places a wrapper around the user’s entered keyword search query to limit the
domain of the documents of the search results. The search engine 30 conducts
the search to initially identify a predetermined number of “hits” (i.e. documents)
deemed to satisfy the entered search query within the domain. The
predetermined number may be, for example, 200 hits. As noted, the search
engine 30 may be implemented to search the corpus 22 in a substantially
conventional manner to identify those documents that meet the requirements of
the entered search query. The specific manner in which the search engine 30
executes the search is not critical to understanding, or implementing, the present
invention, and any appropriate search methods and techniques may be used.
Thus, discussions related to the actual searching for documents satisfying the
search query by the search engine 3.0 is omitted herein. However, the identified
documents of the search results are typically ranked sequentially by the search
engine based on relevance (as determined by the search engine). This ranking

may be reflected merely by the ordering of the identified documents with the



WO 2007/114932 PCT/US2007/008428

— 14—

most relevant document being first, or be explicitly enumerated. This feature is
used by the search system 10 as described in detail herein below.
[0044] As used and referred to herein, the term “reference document™ refers

to a subset of the identified documents that have been identified by the search

engine- 30, as being the- most relevant to the search query, i.e. top ranked - -

documents. As noted, for conventional search engines, search results are
typically provided in a sequential listing, the document deemed to be most
relevant being displayed first (and optionally, enumerated 1), second most
relevant being displayed second (and optionally, enumerated 2), etc.
Correspondingly, in the above example where the search engine 30 initially
identifies 200 documents that satisfy the search query, first identified documents
1-20 for example, can be considered the reference documents.

[0045] The remaining documents identified by the search engine 30 that are
not reference documents are referred to herein as “secondary documents”. Thus,
in the above example where 200 documents are initially identified by the search
engine 30, and top 20 are considered to be reference documents, the remaining
documents 21-200 would be considered secondary documents. Of course, the
specific number of total documents and the reference documents are merely
providéd herein as examples to facilitate understanding of the present invention,
and the present invention is not limited to the specific example described and
other number of documents and reference documents may be used. This
described distinction between the reference documents and secondary documents
is important in the implementation of the preferred embodiment of the search
system 10 in displaying the search results in a SERP to the user via the user
interface module 34, as explained in further detail below.

[0046] In the preferred implementation, instead of displaying all of the
identified documents of the search result returned by the search engine 30, or
displaying the entire predetermined number of identified documents (for

example, 200 documents) in a SERP for the user, the preferred embodiment of
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the search system 10 utilizes the secondary processing module 40 and the text
function tagger 50 to further process the predetermined search results obtained
by the search engine 30. In particular, the text function tagger 50 of the search
system 10 executes a rule-based, partial parse, on the text excerpts such as
sentences- and -snippets of each identified document -including -the reference:
documents and secondary documents, and provides a variety of speech-act and
assertion-type function tags for these text excerpts. These text function tags
applied can include <Interrogative>, <Supporting example>, <Description>,
<Definition>, <Warning>, <Emphasis>, <Inference>, <Quantification>,
<Avoidance goal>, <Diminution>, <Contributory cause>, <Logical connection>,
and <Causal connection> tags, and so forth.

[0047] The secondary processing module 40 in accordance with the present
invention then analyzes the tags for each of the documents to determine which of
the secondary documents identified are related to, and are “more like,” the
reference documents, i.e. top 20 documents in the above example. The
secondary processing module 40 identifies those secondary documents that have
the same text function tags with one or more reference documents, and
associates them together, the details of which are described in further detail in
the examples discussed below. Since the text function tags are domain-
independent and are not content based, they provide a sufficient means for
identifying, across a broad range of topics, several good modeling characteristics
for the text excerpt in which the key search terms were found.

[0048] Once the secondary documents are matched (if possible) with a
corresponding reference document(s), the search system 10 in accordance with
the preferred embodiment of the present invention displays the reference
documents in the SERP via the user interface module 34, for example, top 20
reference documents. In addition, a “Similar pages,” “More like this,” or similar
hyperlink is displayed for the reference documents (if available) which upon

selection by the user via the user interface module 34, displays the identified
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secondary documents (if any) that were determined by the secondary processing
module 40 to be relevant and matches to the reference document for which the
hyperlink was selected.

[0049] Figure 2 shows a portion of a SERP 60 that lists the top reference
documents 62 identified by the search engine 30 in response to the search query
“reduce swelling.”  Thus, the search engine 30 has determined that these
documents satisfy the search query, with the first identified document entitled
“Ice An Injury” being determined by the search engine 30 as being most relevant
to the search query. Of course, the portion of SERP 60 illustrated merely shows
five reference documents, but SERP can be implemented to show any desired
number of reference documents in other implementations, for example, 30
reference documents. As can be seen, each of the reference documents 62 is
implemented as a hyperlink to the document, and a brief text excerpt 64,
including a sentence and snippet of the document 62, is provided beneath the
title of the document.

[0050] Furthermore, each of the reference documents 62 identified on the
SERP 60 is provided with a “Similar pages” hyperlink 66 which can be selected
by the user to display the secondary references associated with the particular
reference document for which the hyperlink is selected. These secondary
references are identified by the search system 10 using the text function tagger
50 and the secondary processing module 40, these components functioning in the
manner described to identify matching secondary documents that are more
relevant to the reference document than those provided by conventional search
systems. Of course, such retrieved secondary references may be displayed to the
user via the user interface module 34 in any appropriate manner, for example, in
a sequenced listing in the manner similar to the SERP 60.

[0051] An important factor to consider in implementing the present invention
is the fact that many parsers and semantic role analyzers expect full sentences

that are largely grammatical. Whereas typical search results can include text



WO 2007/114932 PCT/US2007/008428

—-17-

excerpts with full sentences for the documents identified as satisfying the search
query keywords, many bear only short excerpts of text which are really just
snippets of sentences. This is evidenced by the text excerpts 64 shown in the
documents identified in SERP 60 discussed above relative to Figure 2 which
include sentences and snippets.- The function tagger 50-of the-search system 10
is implemented to analyze these text excerpts in the identified documents to
apply the text function tags.

[0052] In addition, the above described tagging by the function tagger 50,
and analysis by the secondary analysis module 40, must be executed very
quickly so that hyperlinks to the related secondary documents can be displayed
in the SERP for the user, preferably in real time. In this regard, the functional
tagging performed by the text function tagger SO of the preferred embodiment
can be quickly executed without requiring intensive computational resources
since it is not performing a full parse, not analyzing all documents satisfying the
search query, and not analyzing more than a small set of semantic elements.
[0053] In validating one implementation of the search system 10 in
accordance with the present invention schematically illustrated in Figure 1, a
lightweight function tagger named “SIFT” (Sentence Intentional Function
Tagger) available by license from Musgrove Technologies Enterprises, LLC. of
Morgan Hill, California was used for the function tagger 50. The SIFT tagger
was found to perform the desired partial parsing well for full sentences, and
fairly well on mere snippets of sentences which are common in the search results
returned by conventional search engines. The partial parsing was also performed
very quickly by the SIFT tagger which confirms that such text function tagging
can be performed in real-time, without adding user noticeable latency in
providing the search results in a SERP.

[0054] In utilizing SIFT tagger for the function tagger 50, it was found that
some of the function tags produced were more useful than others. For example,

<Quantification> and <Description> tags, while intellectually interesting, were
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not particularly helpful for determining relevance of a secondary document to a
reference document. These function tags are too easy to -satisfy, and snippets
bearing no special relevance could easily exhibit these features. On the other
hand, function tags such as <Causal connection>, <Avoidance goal>,
<Piminution> and <Warning> as provided by the SIFT tagger were found to be -
very helpful. Correspondingly, rules were implemented for the secondary
processing module 40 to ignore, and not analyze for, those function tags found to
be of little value.

[0055] In addition, it should be noted that same word may serve differing
functions in different text excerpts, depending on the context in which the word
is used. Correspondingly, the application of the text function tags by the SIFT
tagger were implemented to account for such differing functions for the same
word. For instance, the SIFT tagger was implemented to examine the structure
of the text excerpt, and apply the appropriate text function tag based on the
context in which a particular word is used in the text excerpt.

[0056] For example, in the text excerpt “rust makes gears become sticky”,
the word “make” is used in a text excerpt having the structure “make [noun
phrase] become [adjective],” the structure indicating the context in which the
word “make” is used. Thus, in this context, the text excerpt was applied with a
text function tag <Efficient causality> by .the SIFT. However, in the text
excerpt “oil and vinegar makes a basic salad dressing”, the text excerpt has a
structure “[noun phrase] and [noun phrase] makes [noun phrase],” the structure
indicating a different context in which the word “make” is used. In this context,
the text excerpt was applied with a text function tag <Material causality> by the
SIFT tagger. '

[0057] Thus, the above examples illustrate the added level of analysis that
can be implemented in the function tagger 50 to increase the tagging accuracy
and increase the likelihood that documents identified as being relevant based on

matching text function tags are indeed, relevant to each other. In addition, these
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examples further illustrate that the text function tags can be arranged
hierarchically by the function tagger 50, for example, text function tags
<Efficient causality> and <Material causality> being specific forms or subset of
the general text function tag <Causal connection> for the SIFT tagger example
implementation. -

[0058] Furthermore, a rule that instructs the secondary processing module 40
to group together certain similar function tags used by the SIFT tagger was
found to be helpful, for example, grouping <Contributory cause>, <Logical
connection>, and <Causal connection> tags. Such a grouping was treated
disjunctively in order to widen the pool of eligible text excerpts from the
documents that match one another, and was found to be important in obtaining a
respectable coverage rate. For example, for a given text excerpt having a
<Causal connection> functional tag, there may be only a single snippet
exhibiting the same feature tag in the documents analyzed. However, when
including text excerpts that also had <Logical connection> or <Contributing
cause> functional tags the pool of documents having one of these other grouped
functional tags increased, correspondingly increasing the pool of secondary
documents that may be deemed relevant to a particular reference document.
This was observed in many instances.

[0059] . However, after widening the pool in the above described manner with
application of a grouping rule, narrowing the pool in a different respect was also
found to be desirable exclude documents that may not be relevant to a particular
reference document. Namely, for some function tags, unless the text excerpts
had semantically similar text elements addressed by their common function, they
were not as likely to be relevant to one another. In other words, even if the
sentence or snippet may have the same function tags, they may not be relevant to
one another unless the common function tags was associated with the same, or

similar, words of the sentence or snippet.
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[0060] For example, while there was obvious relevance between a sentence
asserting a causal connection pertaining to “pain,” and another sentence
establishing a causal connection pertaining to “hurt”, neither of these were
relevant to a sentence ascribing causality to something else unrelated to hurt or
pain, for instance, rule changes in a-sport. - Thus, in some cases, having the same -
common text function tag in the text excerpt was not enough, but a rule requiring
a stronger match was desirable to establish relevancy between the documents.
For instance, additional rules for the function tagger S0 were implemented so
that for certain specific function tags, the function should apply to either a shared
" topic word (a word found in the topic name or one of its aliases, after stemming),
a query word, or another similar word (or synonym or hyponym) that occurred in
both text excerpts. ,

[0061] Thus, in order to satisfy the stronger matching requirements, the
sentences or snippets of the search results should have the same function tag
connected with the query word or one of the topic words. If the same function
was connected to differing words, the secondary processing module 40 was
implemented to refer to the electronic thesaurus 26 or Word Net to check if there
was close semantic distance (for example, synonymy or hyponymy) between
words of the two corresponding text excerpts commonly tagged by the function
tagger 50.

[0062] For example, for a search query “serious head injury” submitted to
the search engine 30 via the user interface module 34, two of the search results
included sentences with the search query keyword “head” exhibiting the
<Emphasis> function tag for text elements “serious” and “severe”. These
sentences, and correspondingly, the two documents with the common function
tag, were deemed a strong match, given that WordNet lists “severe” as a
synonym for “serious.” This is opposed to other words that could have
manifested the <Emphasis> function tag such as “especially,” which is not a

synonym for “serious” or “seriously”. Therefore, in such an instance, a strong
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match would not be found and these documents would not be deemed to be of
sufficient relevance to one another for inclusion in identification of additional
related documents upon selection of a “Similar pages” hyperlink.

[0063] To further demonstrate the operation of the search system 10 in
accordance with the present invention, processing of two example search queries
are discussed herein below that illustrate the operation of the secondary
processing module 40 and function tagger 50 which were implemented with the

above described rules.

Example 1:;
[0064] Search query terms “reduce swelling” are entered by the user of the

search system 10 via the user interface module 34. The search engine 30
performs a search to identify the top 200 documents in the corpus 22 that satisfy
the search query. The documents identified in the search results are parsed by
the function tagger 50 to tag the words of the text excerpts based on their
function. The documents are then analyzed by the secondary processing module
40 to determine which of the secondary documents ranked 21 to 200 identified
by the search engine 30 have the same function tags as the reference documents
ranked 1 to 20 so that the matching secondary documents can be displayed for
the cormrespondingly matched reference document if the “Similar pages™
hyperlink is selected on the SERP.

[0065] For the search query noted above, one of the top 20 documents, for
example, reference document 15 may have the sentence: “Numerous methods to
reduce knee swelling have been advocated, including elevation of the limb, ice
therapy, Quadriceps muscle exercises, massage and electrotherapy treatment.”
The secondary document ranked 151 may include the sentence: “Once the doctor
knows the full extent of your injury, he or she usually will start with
conservative treatment techniques such as rest and ice to help decrease

swelling.”
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[0066] The function matching process of the above noted sentences between
the reference document 15 and document 151 can be understood as follows:

» <Diminution> tag is applied to reference sentence of document 15
by the function tagger 50 for having “reduce” connected to “knee swelling”;

« <Diminution™> tag is-applied to the matched sentence of document -
151 by tagger 50 for having “decrease” connected to “swelling”;

= The secondary processing module 40 analyzes the documents and
recognizes that document 15 and 151 have the same text function tags, but that
the words associated with the tags are different, i.e. key word “reduce” of
reference document 4 is different than “decrease” of the secondary document
151;

= The secondary processing module 40 references the electronic
thesaurus 26 (for example, Word Net) to determine that “reduce” is a hyponym
of “decrease”; and

e Thus, the secondary processing module 40 determines that a strong
match exists between the reference document 15 and the secondary document
151, and that the secondary document 151 should be identified and displayed for
the user upon user’s selection of “Similar pages™ hyperlink associated with the

reference document 15.

[0067] Of course, above Example 1 demonstrates matching of one reference
document and one secondary document. The secondary processing module 40
and ;che function tagger 50 of the search system 10 in accordance with the
present invention would processes all of the predetermined number documents in
the search results returned by the search engine 30 (for example, top 200 in the
above example), to determine those secondary documents that are relevant to
one or more of the predetermined number of reference documents.

[0068] As also previously explained, the search system 10 in accordance

with the preferred embodiment of the present invention is implemented so that
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only the reference documents, which are a limited subset of the identified
documents, are displayed for the user in the SERP, for example, documents
ranked 1 to 20. These reference documents are brovided with the “Similar
pages” link that, upon selection, displays a listing of the secondary documents
- determined to be a match to the corresponding reference document.:

[0069] Referring again to the above Example 1, another document, for
instance, secondary document 90, may have a sentence: “Some otolaryngologist-
head and neck specialists set fractured bones right away before swelling
develops, while others prefer to wait until the swelling is gone.” This sentence
of the secondary document 90 would fail the text function match since it does
not have the same function tag connected with the query word or one of the topic
words as the sentence of reference document 15. Therefore, in such an instance,
a strong match is not found and documents 15 and 90 are deemed to not be of
sufficient relevance to one another, and secondary document 90 would not be
identified for inclusion in a display of related documents upon selection of a

“Similar pages” hyperlink for reference document 15.

Example 2:
[0070] In a similar manner, in response to a search query “concussion

injury”, the search engine 30 identifies 200 documents that satisfies the search
query. One of the reference documents, for example, reference document 12
may have the sentence: “The damage caused after one concussion is often
revérsible after an appropriate recovery time, but if a second injury is sustained
before then, the damage can be devastating.” Another document, for example,
secondary document 22, may have a sentence: “Every head injury should be
taken seriously and it is important to understand that the damage done by

multiple concussions can be cumulative.”
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[0071) The function matching process of the above noted sentences of
reference document 12 and secondary document 22 can be understood as
follows:

+ <Repetition> tag is applied by the text function tagger 50 to the
sentence-of document 12 for-having “‘second injury” connected to “concussion™;

+ <Repetition> tag is applied by the function tagger 50 to the
sentence of document 22 for having “multiple” connected query-word
“concussions’;

» The secondary processing module 40 analyzes the documents and
recognizes that document 12 and 22 have the same text function tags, but that
the words are different;

= The secondary processing module 40 references thesaurus 26 (such
as Word Net) to determine that “second” is a hyponym of “multiple”; and

* Thus, the secondary processing module 40 determines that a strong
match exists between reference document 12 and secondary document 22, and
that secondary document 22 should be identified and displayed for the user upon
user’s selection of “Similar pages” hyperlink associated .with the reference

document 12.

. [0072] A candidate sentence of another secondary document, for example,
secondary document 40 identified by the search engine 30 as satisfying the
search query, but which fails to function-match may be: “A concussion is a
violent jarring or shock to the head that causes a temporary jolt to the brain.”
This sentence would fail since it would not have a <Repetition> tag. In the
above examples, it is important to note how the failed sentences are less relevant
to the example sentences of the reference documents, despite belonging to the
relevant topical domain, and despite containing the search query word, thereby

satisfying the search query.
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[0073] Figure 3 is a flow diagram 100 that schematically illustrates one
example embodiment of a method in accordance another aspect of the present
invention. As can be seen, the method of the present invention includes
receiving a search query in step 102, and identifying a predetermined number of
documents that satisfy the search query in step-104- As explained above,-the
predetermined number of documents is limited so that processing and analysis
can be executed rapidly. In addition, the identified documents include reference
documents which are a subset of the identified documents that are deemed to be
the most relevant to the search query, the remaining identified documents being
secondary references.

[0074] In step 106, text excerpts such as sentences and snippets of reference
documents are parsed, and text function tags are applied thereto, while in step
108, text excerpts of secondary documents are parsed, and text function tags are
applied thereto. In addition, the method of the illustrated embodiment also
includes matching the secondary documents to the reference documents in step
110 based on the applied function tags. A rule is then applied to determine
whether function tags of the matching secondary documents and reference
documents are for the same or similar word in step 112. As explained above,
this may be attained by referencing an electronic thesaurus or WordNet. In step
114, the reference documents are displayed for the user in a SERP with
hyperlinks to matching secondary documents that are determined to have
function tags for the same, or similar, word.

[0075] Of course, the above described method is merely one example
implementation, and may be implemented differently in other embodiments. For
example, as previously noted, certain tags may be ignored while other tags may
be grouped together to increase the likelihood of matching, and thus, increase the
pool of potentially relevant secondary documents. Furthermore, in other
embodiments, the SERP may initially be displayed with hyperlinks which are

not yet functional so that the user can be immediately provided with search
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results. The tagging and secondary analysis of matching, grouping, etc. as
described above may be performed in the background, and associated with the
corresponding hyperlinks subsequently. This would allow larger number of
reference documents to be initially displayed to the user without increased
latency compared to conventional search systems.

[0076] Finally, as noted previously, another aspect of the present invention is
in providing a computer readable media with instructions for identifying of
electronic documents and generating search results in response to a search query
in the manner described above. In this regard, the computer readable media in
accordance with the present invention may include instructions for implementing
the search system of the present invention, and/or for facilitating execution of
the method of the present invention as described.

[0077] To further validate the value of the present system and method in
providing more relevant secondary references to users, a resultant sample set of
function-matched sentences were shown to a number of participants in a small
survey after tailoring the implementation of the search system 10 using the rules
described above. The sentences were presented as triples of sentences, each
triple including a reference sentence followed by a pair of sentences from topic-
related documents. One of the candidate sentences was selected by the function-
matching method described above using text function tags, while the other
sentence was selected merely by keyword match in the conventional manner.
Participants were asked to select whether one sentence or the other was more

>

“relevant” to the reference sentence. Participants also had the option of
indicating that both sentences were equally relevant, or that neither sentence was
relevant to the reference sentence.

[0078] Out of the sample of possible sentence pairs, the following survey

results were obtained:
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Text function tag Keyword matched Both sentences Neither sentence
matched sentence sentence deemed deemed equally deemed relevant:
deemed more more relevant: relevant:

57%

10%

27%

% )

[0079] -

There are two interesting observations from these results. - First, in a

very large portion of cases (43%), there was no benefit to text function tag
matching because sentences that used such text function tag matching were
deemed either to be irrelevant, less relevant, or no more relevant, than a simple
keyword matched sentence. However, in cases where one sentence was deemed
better, the text function tag matched sentence was almost always selected by the
user as being more relevant, being favored 57% of the time, as opposed to only
10% of the time for simply keyword matched sentences. This clearly indicates
that the text function tag matching as described above would seldom result in
Iess relevant documents, and around half the time, it would help to provide more
relevant documents.

[0080]

present invention was also examined. The precision (percentage of retrieved

The overall accuracy of the search system 10 in accordance with the

documents which are actually relevant) of the search system 10 was observed to
be approximately 83%. To determine recall (percentage of relevant documents
retrieved from. the total number of relevant documents available), over 300
sample sentences were examined against a smaller set of reference sentences.
After tagging all sample sentences deemed relevant to one of the reference
sentences, the system implementing text function tag matching was found to
have a 68% recall rate. In contrast, keyword matching alone produced 88%
recall, but only 37% precision on the same sample. Thus, whereas recall was
slightly reduced by the text function tagging method of the present invention, the
precision is substantially increased. The harmonic means of precision and recall
(ak.a. f~measures) for text function tag matched sentences were 0.75 and 0.52,

respectively.
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[0081] In view of the above, in an environment that requires rapid generation

and display of SERPs, the search system and method of the present invention

can be implemented to recommend sentence-level relevant documents that are

relevant to reference documents by using a lightweight function tagger. Thus,

the-search system and method of the present invention can substantially improve -
precision in identifying relevant documents than conventional search systems

that rely merely on matching on keywords, albeit with somewhat lower recall.

The above described results demonstrate that contextually relevant hits of the

search results can be used to automatically suggest documents related to other
documents of the search results based on sentence;level clues, provided that

there is a sufficient overlap in their sentential functions, and a large enough pool

of excerpts for the system to examine is provided.

[0082] Therefore, in view of the above, it should be evident to one of
ordinary skill in the art how the search system and method of the present

invention addresses the limitations of conventional search engines, and “Similar
pages” feature used in such conventional search engines. In particular, it should
be evident that the search system and method of the present invention quickly,

and cost effectively, identifies and recommends to the user, documents which
are relevant to a selected reference document.

[0083] While various embodiments in accordance with the present invention
have been shown and described, it is understood that the invention is not limited

thereto. The present invention may be changed, modified and further applied by
those skilled in the art. Therefore, this invention is not limited to the detail

shown and described previously, but also includes all such changes and

modifications.
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1. A search system for identifying electronic documents stored on a
computer readable media, and providing a search result in response to a search
query, comprising:

a user interface module that receives a search query from a user; and

a search engine that accesses a corpus of electronic documents to identify
a predetermined number of documents that satisfy the search query, the
identified documents including predetermined number of reference documents
which are a subset of the identified documents deemed by the search engine to
be most relevant to the search query, and secondary documents which are not
reference documents;

wherein the user interface module further generates a search engine
results page in response to the search query, the search engine results page
including a listing of the identified reference documents, each with a hyperlink

to at least one secondary document.

2. The search system of claim 1, further including a text function tagger that
parses text excerpts of the reference documents and secondary documents, and
applies text function tags to the text excerpts of the reference documents and

secondary documents.

3. The search system of claim 2, further including a secondary processing
module that identifies those secondary documents that have a text function tag

that matches a text function tag of a reference document.

4. The search system of claim 3, wherein selection of a hyperlink generates
a display of secondary documents that are determined to at least have a text

function tag that is determined by the secondary processing module to be a
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match with a text function tag of the reference document for which

corresponding hyperlink was selected.

5. The search system of claim 4, wherein the secondary processing module
is further adapted to -determine -whether the matching text function tags of
reference document and the secondary document are for the same or similar

word.

6. The search system of claim 5, wherein the display of secondary
documents are limited to those secondary documents that are determined to have
a text function tag that matches the text function tag of the reference document

for the same, or similar, word in the text excerpt.

7. The search system of claim 3, wherein the text excerpts parsed by the text

function tagger include sentences and snippets.

8. The search system of claim 3, wherein the secondary processing module
is further adapted to ignore predetermined text function tags applied by the text
function tagger.

9. The search system of claim 3, wherein the secondary processing module
is further adapted to group predetermined text function tags applied by the text
function tagger so that any text function tag of a secondary document that is
within the group is deemed to match any text function tag of a reference

document that is also within the group.

10.  The search system of claim 3, wherein the secondary processing module

is further adapted to refer to an electronic thesaurus or WordNet to determine
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whether words tagged by the text function tagger are similar if they are not the

same.

11.  The search system of claim 3, wherein the text function tags applied by
the text function tagger includes at least one -of <Interrogative>, <Supporting
example>, <Description™>, <Definition>, <Warning>, <Emphasis™>, <Inference>,
<Quantification>, <Avoidance goal>, <Diminution>, <Contributory cause>,

<Logical connection>, and <Causal connection> tag.

12. A search system for identifying electronic documents stored on a
computer readable media, and providing a search result in response to a search
query, comprising:

a user interface module that receives a search query from a user; and

a search engine that accesses a corpus of electronic documents to identify
documents that satisfy the search query;

wherein the user interface module further generates a display of a search
engine results page in response to the search quei'y, the search engine results
page including a listing of a subset of the identified documents deemed by the
search engine to be most relevant to the search query, each of the listed
documents .having a hyperlink to at least one similar document, the similar
document being selected from the documents that satisfy the search query which

were identified by the search engine.

13. A method for identifying electronic documents stored on a computer
readable media, and providing a search result in response to a search query,
comprising:

receiving a search query;

identifying a predetermined number of documents that satisfy the search

query, the predetermined number of documents including reference documents
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which are a subset of the identified documents that are deemed to be the most
relevant to the search query, and secondary documents which are not the
reference documents; and

generating a search engine results page in response to the search query,
the search engine results page including a listing of the identified reference

documents, each with a hyperlink to at least one secondary document.

14. The method of claim 13, further including parsing text excerpts of the
reference documents and secondary documents, and applying text function tags

to the text excerpts of the reference documents and secondary documents.

15. The method of claim 14, further including identifying those secondary
documents that have text function tags that matches a text function tag of a

reference document.

16. The method of claim 15, further including receiving a selection of a
hyperlink, and generating a display of secondary documents that are determined
to at least have a text function tag that matches a text function tag of the

reference document for which corresponding hyperlink was selected.

17. The method of claim 16, further including determining whether the
matching text function tags of reference document and the secondary document

are for the same or similar word.

18. The method of claim 17, further including limiting the display of
secondary documents to those secondary documents that are determined to have
a text function tag that matches the text function tag of the reference document

for the same or similar word.
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19. The method of claim 15, wherein the text excerpts parsed include

sentences and snippets.

20. The method of claim 15, further including ignoring predetermined text
function tags applied.

21.  The method of claim 15, further including grouping predetermined text
function tags together so that any text function tag of a secondary document that
is within the group is deemed to match any text function tag of a reference

document that is also within the group.

22. The method of claim 15, further including referencing an electronic
thesaurus or WordNet to determine whether words tagged are similar if they are

not the same.

23.  The method of claim 15, wherein the text function tags applied includes at
least one of <Interrogative>, <Supporting example>, <Description>,
<Definition>, <Warning>, <Emphasis>, <Inference>, <Quantification>,
<Avoidance goal>, <Diminution>, <Contributory cause>, <Logical connection>,

and <Causal connection™> tag.

24. A method for identifying electronic documents stored on a computer
readable media, and providing a search result in response to a search query,
comprising:

receiving a search query from a user;

accessing a corpus of electronic documents to identify documents that
satisfy the search query; and

generating a search engine results page in response to the search query,

the search engine results page including a listing of a subset of the identified
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documents deemed to be most relevant to the search query, each of the listed
documents having a hyperlink to a similar document;
wherein the similar document is selected from the identified documents

that satisfy the search query.

25. A computer readable medium with executable instructions for identifying
electronic documents stored on a computer readable media, and providing a
search result in response to a search query, comprising:

instructions for receiving a search query;

instructions for identifying a predetermined number of documents that
satisfy the search query, the predetermined number of documents including
reference documents which are a subset of the identified documents that are
deemed to be the most relevant to the search query, and secondary documents
which are not the reference documents; and

instructions for generating a search engine results page in response to the
search query, the search engine results page including a listing of the identified

reference documents, each with a hyperlink to at least one secondary document.

26.  The computer readable medium of claim 25, further including instructions
for parsing text excerpts of the reference documents and secondary documents, - .
and instructions for applying text function tags to the text excerpts of the

reference documents and secondary documents.

27.  The computer readable medium of claim 26, further including instructions
for identifying those secondary documents that have text function tags that

matches a text function tag of a reference document.

28.  The computer readable medium of claim 27, further including instructions

for receiving a selection of a hyperlink, and instructions for generating a display
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of secondary documents that are determined to at least have a text function tag
that matches a text function tag of the reference document for which

corresponding hyperlink was selected.

29. - The computer readable medium of claim 28, further including instructions
for determining whether the matching text function tags of reference document

and the secondary document are for the same or similar word.

30. The computer readable medium of claim 29, further including instructions
for limiting the display of secondary documents to those secondary documents
that are determined to have a text function tag that matches the text function tag

of the reference document for the same or similar word.

31. The computer readable medium of claim 27, wherein the text excerpts

parsed include sentences and snippets.

32. The computer readable medium of claim 27, further including instructions

for ignoring predetermined text function tags applied.

33.  The computer readable medium of claim 27, further including. instructions
for grouping predetermined text function tags together so that any text function
tag of a secondary document that is within the group is deemed to match any text
function tag of a reference document that is also within the group.

34. The computer readable medium of claim 27, further including instructions
for referencing an electronic thesaurus or WordNet to determine whether words

tagged are similar if they are not the same.
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35. The computer readable medium of claim 27, wherein the text function
tags applied includes at least one of <Interrogative>, <Supporting example>,
<Description>, <Definition>, <Warning>, <Emphasis>, <Inference>,
<Quantification>, <Avoidance goal>, <Diminution>, <Contributory cause>,

<Logical connection>; and <Causal connection> tag.

36. A computer readable medium with executable instructions for identifying
electronic documents stored on a computer readable media, and providing a
search result in response to a search query, comprising:

instructions for receiving a search query from a user;

instructions for accessing a corpus of electronic documents to identify
documents that satisfy the search query; and

instructions for generating a search engine results page in response to the
search query, the search engine results page including a listing of a subset of the
identified documents deemed to be most relevant to the search query, each of the
listed documents having a hyperlink to a similar document;

wherein the similar document is selected from the identified documents

that satisfy the search query.
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