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GRAMMAR TEMPLATE QUERY SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates to information query systems in general and

to interactive query systems more particularly.

With the increasing popularity of the Internet, the global internetwork of
networks, many services have come into being that seek to provide information for users
of those services. One such service is the GOPHER service, wherein a user is presented
with lists of information in the form of menus, and the user is provided with options to
select a menu item, which might lead to another menu or to a document of interest, or to
initiate a search with a particular set of keywords. The GOPHER system was primarily
text based, with the underlying structure being directories on file servers, usually
spanning many interlinked and independent servers.

With the advent of a more graphical interface, many such search services
continue today, albeit with a graphical interface for use with a Web browser. Here,
"Web" refers to the hyperlinked collection of dynamic and static hypertext pages
available over the Internet using the HTTP (HyperText Transport Protocol) and
commonly referred to as the "World Wide Web" or "WWW", and a Web browser is a
client program which allows a user to navigate the Web.

A typical navigation involves setting up an initial query with a set of
search terms and viewing the results. If the results are provided as a hypertext page, the
user can then select a link on that hypertext page to view the results in more detail.

A disadvantage of searching using search terms is that the English
language 1s imprecise without context and computers are not good at context. For
example, asking a human librarian about "freedom and values in the Victorian era" might
yield a book of essays on what the social mores were in the late nineteenth century in
Europe and North America. However, performing a search with a search engine against a
database of documents might result in the computer returning listings of real estate values
for homes with Victorian architecture in Freedom, California.

Many providers of search services have attempted to automate the process

of determining the proper context of a query so that the correct meaning is ascribed to
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2
each term. For example, a server might be programmed to note the ambiguity in the term
"Victorian™ and to further note that "era" refers to a time period and therefore, "Victorian"
should be interpreted as the time period. Such processing is quite complex and often still

fails to understand the context in which the user asks the question.

SUMMARY OF THE INVENTION

One embodiment of an information server according to the present

invention directs users of the information server to desired sources of information where
the desired sources of information are determined, at least in part, based on user input.
The information server includes a query input processor, a question processor and an
answer processor. The query input processor is used for accepting an initial user query.
The question processor processes the initial user query to identify a set of possible
well-formed questions selected from the question database, where a well-formed question
1s a question in the database that is coupled to at least one answer reference. The answer
reference is typically either an answer or a pointer to a possible location of an answer.

In a specific embodiment, the information server is coupled to the Internet
so that users can pose questions using a Web browser from any Internet-connected
device. In some systems, the question processor includes a tokenizer for tokenizing the
initial user query into a list of words, a parser for generating a syntactic structure from the
list of words, a normalizer for reducing the syntactic structure to a canonical syntactic
structure, and a matcher for matching the canonical syntactic structure against a semantic
network to obtain a weighted list of well-formed questions representative of possible

semantic meanings for the initial user query.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates two variations of an information server according to the
present invention; Fig. 1(a) is a block diagram of an HTTP server used to implement the
information server and Fig. 1(b) is a block diagram of a generalized server user to
implement the information server.

Fig. 2 is an illustration of one possible display for a question entry page.

Fig. 3 is an illustration of one possible display for a question display page;
Fig. 3 is an example of a question display page that might result from the processing of

the question entry page shown in Fig. 2.
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Fig. 4 is an illustration of one possible display for an additional answers
page; Fig. 4 is an example of an additional answers page that might result from the
processing of the question display page shown in Fig. 3.

Fig. 5 is a block diagram of the QPE and APE of Fig. 1, shown here in
further detail.

Fig. 6 is a graph of a portion of a semantic net.

Fig. 7 is an alternate view of a semantic net.

Fig. 8 is a more detailed view of a portion of the semantic net shown in
Fig. 7.

Fig. 9 is a block diagram of a computer system for collecting information

aQ

and generating run-time structures, such as semantic nets, from the collected information.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

The following description describes some embodiments of the invention
and these examples are not intended to limit the scope of the invention, which is defined
by the attached claims. For example, the embodiments shown in the figure assume thaf
the user asks questions of an information server via a Web browser over an Internet
connection, but that need not be the case, as the user might access the information server
over a network other than the Internet, or might access a local information server without
an intervening network.

Fig. 1(a) 1s a block diagram of one embodiment of an information server
10 that is Internet-based. Information server 10 is an HTTP server, which responds to
requests from HTTP clients such as Web browsers. The actual architecture of an Internet
HTTP client-server link and HTTP client is not shown, but it should be understood that
information server 10 operates on a computer that is designed and configured for Internet
traffic, specifically TCP/IP packets encoding HTTP messages and it should be understood
that any manner of client computer can be used to operate the Web browser. Since that
technology is well-known and readily available, it need not be described further herein.

Information server 10 can either be a dedicated computer, a computing
device specifically designed to implement the functions of an information server
according to the methods described herein, or information server 10 can be in the form of
one or more program code modules designed to run on a general purpose HTTP server as

a process of that HTTP server. However implemented, information server 10 usually
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comprises the components shown in Fig. 1, such as an HTTP daemon 12 and a basic set
of active HTML pages, including an opening page 14, a question page 16 and an
additional answers page 18.

Opening page 14 comprises code and text for presenting the user at an
HTTP client (such as a Web browser) with an introduction to information server 10.
Question page 16 comprises code and text for presenting the user at the HTTP client with
a question entry page (such as the page shown in Fig. 2) and a question display page
(such as the page shown in Fig. 3). Additional answers page 18 comprises code and text
for presenting the user at an HTTP client with additional answers to the questions shown
in a question display page. The basic pages are Active Server Page (.asp) programs, but
other programming languages could be used. Active Server Pages are one known
technique for combining Visual Basic (VB) scripts and HTTP data structures and text. In
addition to the basic set of pages, other pages might be provided to HTTP clients,
depending on the navigation taken by the user through pages available from information
server 10.

As shown in Fig. 1(a), actions taken by users in response to prompts on the
basic set of pages are Iogéed in log files 20. Also, as explained below, question page 16
receives questions and presents the quéstions entered by users to a question processing
engine (QPE) 30. In this example, the communication with QPE 30 is via application
programming interface (API) calls. As is well-known in the art of API design, the
functionality of QPE 30, although shown separately, might be implemented as a set of
calls from code in question page 16 to program code compiled into question page 16 (as
might be the case with an API link library) with the communication between the two
being in the form of function calls, or the program code for implementing QPE 30 could
be a separately running process with the communication being in the form of interprocess
messages.

Question page 16 receives the data needed to construct a question display
page from QPE 30 and from an answer processing engine (APE) 32. Information server
10 also includes a dictionary 34 and a knowledge base 36, which comprises storage for a
semantic net snapshot 40 and a question-answer mapping table 42. QPE 30 is coupled to
dictionary 34 and semantic net snapshot 40 and uses the information obtained from those
sources to generate template questions in response to a user-entered question. Template

questions are questions that are mapped to answers in question-answer mapping table 42.
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Template questions usually, but not always, include parameters, such as the template
question "What is the weather like in <city>?" where "<city>" is a parameter. APE 32 is
coupled to knowledge base 36 to obtain information from semantic net snapshot 40 and
question-answer mapping table 42.

Fig. 1(b) is a block diagram of a more generalized information server 50.
Information server 50 can be implemented in a variety of client-server systems. For
example, information server 50 might be built into a kiosk for providing answers to kiosk
users' questions, or information server 50 might be connected to a corporate network for
answering customer, supplier and/or employee questions. Information server 50 is shown
comprising a client interface 60 for providing various pages (70, 72, 74, 76) to a client
and interconnections between the various pages and QPE 30/ APE 32.

The circled numbers in Fig. 1(b) indication one possible set of steps that
might occur in a session with a user at a client. In step 1, client interface 60 sends an
opening page 70 to the client and control is passed to a question entry page 72 (step 2).
Client interface 60 presents the client with question entry page 72 (step 3) and receives
the user's response (step 4). Information server 50 passes the response to QPE 30, which
returns a set of template questions (step 5). Control passes to the code corresponding to a
questions display page 74 (step 6), and information server 50 generates the questions
display page for presentation to the user. Client interface 60 presents the questions
display page to the user (step 7) and waits for the user to select a template question from
the questions display page (step 8). The user selects a template question, if more than one
is presented, and also selects any necessary parameters. Usually, the parameters will be
directly related to the question asked, so the desired parameters might already be selected.

Once the user selects a template question, information server 50 uses AE
to generate answers to the questions and either presents the user with one or more URL's
of sites that answer the initial question (step 9A) and control passes to an answer display
page (step 9B) that presents the user with the answer directly (step 10).

Referring now to Fig. 2, a typical question entry page 80 is shown. When
a user is presented with question entry page 80, the user will then enter an initial user
query, in an entry box 82, and press a button 84 to begin the process. The user can also
view questions being posed by other users in window 86.

The initial user query can be a natural language question (e.g., "Where can

[ find information on the sport bicycling?") and may well include grammatical errors, or a
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set of keywords, such as "info sport bicycling”, or a combination of a natural language
question and keywords. Keywords might be "noun phrases" such as "King of Spain".
When the user presses button 84, the initial user query is sent to information server 50
and client interface 60 passes the query to QPE 30. The query is logged to log files 20 for
use in further refining information server 50, as described later in this description.

Typically, the query is in the form of a text string, but in some
implementations, the query might be a text string combined with nontext data structures
such as a collection of radio button (multiple choice) selections, switches and/or other
pointers to selections. It should be understood that many different forms of queries are
possible, so long as QPE 30 accepts the form in which the queries are presented. From
the initial user query, QPE 30 processes the question to identify a set of template
questions. Template questions are questions in a form that allows its context to be easily
understood from the question, either because information server 50 has already answered
the question to the liking of one or more users, or because an information analyst has
input a question-answer template for that question. A question-answer template is a data
structure that codes for one or more questions and includes pointers to answers to the
coded question. This is explained in more detail in the description below of semantic nets
and question-answer mappings (see, for example, Fig. 7). An example of a question

answer template is:
Is it raining in <city>? ==> Pointer to weather page with parameter <city>

In that example, queries for the weather in many cities is compressed into
one question template, with the parameter <city> being a placeholder for the city of
interest. In the template, the answer to the question is a pointer to a weather page (such as
a page on a weather Web site) with a parameter equal to the city of interest. Thus, using
this question-answer template, information server 50 knows how to answer the question
"Is it raining in Seattle?", namely by directing the user to a weather server that accepts a
city parameter and passing the weather server "Seattle" as the parameter.

Once QPE 30 identifies the set of template questions, those questions are
presented to the user as questions display page 74 for selection. Fig. 3 shows an example

display 90 resulting from such a questions display page. From that display 90, the user
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can select the desired template question and parameters, or can select a button 92 for
more answers, resulting in a display such as that shown in Fig. 4.

An information server might also handle incidental displays, which are
useful or interesting to users but are not necessarily required for the operation of the
system. One example, a "question of the day" generator 98 is shown in Fig. 1(a).
Generator 98 might select a question from asked questions to display in a question of the
day area 88 on question entry page 80 (see Fig. 2). Other incidental displays might
include a real-time question ticker 86 that puts up a random sampling of the questions
currently being asked, a display of popular questions in specific categories and the like.

Referring now to Fig. 5, a block diagram of QPE 30 and APE 32 is shown
with QPE 30 comprising a tokenizer 150, a parser 155, a normalizer 160 and a matcher
165. Tokenizer 150 converts the initial user query into a list of words and provides the
list to parser 155. One structure for conversion is an augmented transition network.
Another approach to tokenizing is to scan the initial user query and group words into
conceptual strings, removing plurals and suffixes. With such an approach, the longest
strings can be grouped first, so that they are given greater priority over shorter strings.

Parser 155 identifies the set of possible syntactic structures that could
represent the question(s) being asked and passes the structure set to normalizer 160, with
each syntactic structure representing one possible syntactic interpretation of the question.
Parser 155 can also deal with adverbs and specialized parsers for ambiguous statements.
For example, parser 155 might recognize that the questions "Who is the French president"
and "Who is the president of France" has the same underlying syntactical structure.

Normalizer 160 reforms the syntactic structures into canonical forms by
replacing synonyms with a canonical term. Using the canonical terms allows for a much
more compact set of questions, since the many synonyms do not need to be handled. For
example, a user query might use one of the synonyms "drizzle", "storming" or "misting"
for raining. By reducing the synonyms to canonical form, the information server does not
need to deal with so many questions because, in the above example, four questions
collapse into one. Normalizer 160 uses a semantic map, a small portion of which is
shown in Fig. 6, to perform the canonical reduction.

Once normalizer 160 has reduced the structure set to a normalized
structure set, normalizer 160 passes the normalized structure set to matcher 165. Matcher

165 then matches the normalized structure set against semantic net snapshot 40. The
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8
semantic net is changing as more questions are being asked and the semantic net is being
refined, so an information server will often use a snapshot of the state of the semantic net
at one point in time. However, either a snapshot or a live copy of the semantic net will
work for its purposes in information servers, such as server 10 or server 50. An example
of a semantic net is shown in Figs. 7-8.

By matching the normalized structure set against a semantic net, as
described in more detail below in the description of Figs. 7-8, matcher 165 obtains a list
of instantiated questions (template questions with parameter values identified) and
provides those to APE 32. Since the list is of instantiated questions that are based on
template questions, they will be found in question-answer mapping table 42 and APE 32
obtains the answers that match the questions.

Fig. 7 illustrates how a semantic net 200 might be organized to be used to
map keywords to questions. Once keywords are mapped to questions, the questions are
mapped to answers using question-answer mappings 202. A small portion 204 of
semantic net 200 is shown in detail in Fig. 8.

Fig. 9 is a block diagram of a computer system for collecting information

and generating run-time structures, such as semantic nets, from the collected information.
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WHAT IS CLAIMED IS:

1. An information server for directing users of the information server to desired
sources of information where the desired sources of information are determined, at least
in part, based on user input, the information server comprising:

query input processor for accepting an initial user query;

a question database of template questions, wherein a template question is a question
in the database that is coupled to at least one answer reference, the answer
reference being one of an answer to the template question or a pointer to a
possible location of an answer to the template question;

a question processor that processes the initial user query to identify a set of correlated
template questions selected from the question database, wherein the question
processor comprises a parser for generating a syntactic structure from the list of
words and a normalizer for reducing the syntactic structure to a canonical
syntactic structure;

means for presenting at least some of the set of template questions to the user;

means for accepting a user selection of a template question if more than one template
question is presented; and

an answer processor which responds to a user selection of a presented template
question from the presented set of template questions, wherein the response of
the answer processor depends on the at least one answer reference coupled to the

user selected question from the presented set of template questions.

2. The information server of claim 1, wherein the user initial query is a text string
comprising a sequence of one or more tokens, wherein a token is one or more words that
have meaning together and a token is either a natural language question or a keyword
string, which is a text string comprising one or more keywords in an order and zero or

more logical connectors.

3. The information server of claim 1, wherein the question processor comprises:
a tokenizer for tokenizing the initial user query into a list of words;

a parser for generating a syntactic structure from the list of words;

a normalizer for reducing the syntactic structure to a canonical syntactic structure;

and
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a matcher for matching the canonical syntactic structure against a semantic network
to obtain a weighted list of well-formed questions representative of possible

semantic meanings for the initial user query.

4. The information server of claim 3, wherein the matcher comprises:
a structure mapper;

a substructure mapper; and

a keyword mapper.

5. The information server of claim 1, wherein the question processor comprises
confidence weighing logic that compares confidence weights for each of the set of
correlated template questions selected from the question database and removes template

questions from the set that have a confidence weight below a predetermined threshold.

6. The information server of claim 5, wherein the predetermined threshold is a value

corresponding to a drop off of confidence weights of template questions in the set.
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