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[57] ABSTRACT

Apparatus and accompanying methods for an information
retrieval system that utilizes natural language processing to
process results retrieved by, for example, an information
retrieval engine such as a conventional statistical-based
search engine, in order to improve overall precision.
Specifically, such a search ultimately yields a set of retrieved
documents. Each such document is then subjected to natural
language processing to produce a set of logical forms. Each
such logical form encodes, in a word-relation-word manner,
semantic relationships, particularly argument and adjunct
structure, between words in a phrase. A user-supplied query
is analyzed in the same manner to yield a set of correspond-
ing logical forms therefor. Documents are ranked as a
predefined function of the logical forms from the documents
and the query. Specifically, the set of logical forms for the
query is then compared against a set of logical forms for
each of the retrieved documents in order to ascertain a match
between any such logical forms in both sets. Each document
that has at least one matching logical forms is heuristically
scored, with each different relation for a matching logical
forms being assigned a different corresponding predefined
weight. The score of each such document is, e.g., a pre-
defined function of the weights of its uniquely matching
logical forms. Finally, the retained documents are ranked in
order of descending score and then presented to a user in that
order.

123 Claims, 14 Drawing Sheets
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1

APPARATUS AND METHODS FOR AN
INFORMATION RETRIEVAL SYSTEM THAT
EMPLOYS NATURAL LANGUAGE
PROCESSING OF SEARCH RESULTS TO
IMPROVE OVERALL PRECISION

BACKGROUND OF THE DISCLOSURE

1. Field of the Invention

The invention relates to apparatus and accompanying
methods for an information retrieval system that utilizes
natural language processing to process results retrieved by,
for example, an information retrieval engine such as a
conventional statistical-based search engine, in order to
improve overall precision.

2. Description of the Prior Art

Starting several decades ago and continuing to the
present, automated information retrieval techniques have
increasingly been used to retrieve stored information from a
mass data store, such as a conventional database containing
published materials and/or bibliographic information there-
for. Such a conventional database tends to be specialized in
that it generally contains information directed to a particular,
though broad-based topic, such as electrical engineering and
computer related technology, as, e.g., in an INSPEC data-
base maintained by the Institute of Electrical and Electronic
engineers (IEEE) and currently accessible through, e.g.,
Dialog Information Services of Knight-Ridder Information.
Inc. (DIALOG is a registered servicemark of Knight-Ridder
Information, Inc.). While databases of this type certainly
exhibit continuing growth as an increasing number of per-
tinent articles and other materials are published, the growth
tends to be relatively moderate and reasonably well-
controlled. Also, such specialized databases tend to be rather
well organized.

However, with the advent and proliferation of the
so-called “world-wide web” (hereinafter simply referred to
as the “web”) accessible through the Internet and the relative
ease and low-cost associated with posting information to the
web and accessing information therefrom as contrasted with
traditional publishing, the amount of information available
on the web manifests highly exponential, if not explosive,
growth, with apparently no realistic limit in sight. While the
web offers an increasingly rich array of information across
all disciplines of human endeavor, information content on
the web is highly chaotic and extremely disorganized, which
severely complicates and often frustrates information access
and retrieval therefrom.

In an attempt to significantly ease the task of retrieving
information from the web, a number of computerized search
engines have been developed over the past few years for
widespread public use. Generally speaking, these conven-
tional engines, through software-implemented “web
crawlers”, automatically visit web sites, and trace hypertext
links therein, in seriatim and extract, abstract and index each
document encountered therein, through so-called “key
words”, into a large database for subsequent access.
Specifically, through such abstraction, each such document
encountered by the crawler is reduced to what is commonly
called a “bag of words” which contains content-bearing
words that exist in the document, though stripped of all
semantic and syntactic information. The content words may
occur in the document itself and/or in just a description field
of a hypertext-markup language (HTML) version of that
document. In any event, the engine establishes an entry, i.c.,
a document record, for each such document. For each
document, each of its content words is indexed into a

10

15

20

25

30

35

40

45

50

55

60

65

2

searchable data structure with a link back to the document
record. The document record typically contains: (a) a web
address, i.e., a URL—uniform resource locator, through
which the corresponding document can be accessed by a
web browser; (b) various content words in that document,
along with, in certain engines, a relative address of each such
content word relative to other content words in that docu-
ment; (c) a short summary, often just a few lines, of the
document or a first few lines of that document; and possibly
(d) the description of the document as provided in its HTML
description field. To search the database, a user supplies the
engine with a keyword based query. The query typically
contains one or more user-supplied keywords, often just a
small number, with, depending on the capabilities of the
engine, possibly a Boolean (such as “AND” or “OR”) or
similar (such as a numeric proximity) operator situated
between successive key words. In response to the query, the
engine attempts to locate documents that contain as many of
the keywords as possible, and, if a logical or proximity
operator was provided, those key words in the specific
combination requested or within a certain “range” (specified
number of content words) of each other. In doing so, the
engine searches through its database to locate documents
that contain at least one word that matches one of the key
words in the query and, where requested, according to the
operator and/or range specified therewith. For each such
document it finds, the engine retrieves the document record
therefor and presents that record to the user ranked accord-
ing to a number of keyword matches in that document
relative to those for the other such documents.

Often, a great majority of documents retrieved solely in
response to a user-supplied keyword query would be simply
irrelevant to the query, thus frustrating the user.

Consequently, to reduce the number of irrelevant docu-
ments that are retrieved, conventional keyword based search
engines (hereinafter referred to as simply “statistical search
engines”) incorporate statistical processing into their search
methodologies. For example, based on a total number of
matching key words between those in the query and the
content words in each retrieved document record and how
well these words match, ie., in the combination and/or
within a proximity range requested, a statistical search
engine calculates numeric measures, collectively frequently
referred to as “statistics”, for each such document record
retrieved. These statistics may include an inverse document
frequency for each matching word. The engine then ranks
the document records in terms of their statistics and returns
to the user the document records for a small predefined
number of retrieved records, typically 5-20 or less, that have
the highest rankings. Once the user has reviewed a first
group of document records (or, for some engines, the
documents themselves if they are returned by the engine) for
a first group of retrieved documents, the user can then
request a next group of document records having the next
highest rankings, and so forth until all the retrieved docu-
ment records have been so reviewed.

Traditionally, the performance of search engines has been
assessed in terms of recall and precision. Recall measures, as
a percentage of all relevant documents in a dataset, the
number of such documents actually retrieved in response to
a given query. Precision, on the other hand, measures, as a
percentage of all documents retrieved, the number of those
documents that are actually relevant to the query. We believe
that in the context of a web search engine, recall is not an
important metric of performance, inasmuch as the sheer
number of documents ultimately retrieved is unimportant. In
fact, for some queries, this number could be inordinately






















































