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VIRTUAL DOCUMENT SEARCHING

Background
The Goal

Many documents contain component parts that are in fact shared with
many other documents. For example, West Headnotes, are shared in Case
documents, Statute documents, and Analytical documents. Due to the current
limitations of West’s search engine, these headnotes must be physically
replicated in every document in which they occur. This results in increased
complexities and costs in maintenance as well as storage.

Virtual Document Searching will allow documents and their individual
component parts to be stored separately and assembled as virtual documents for
search purposes’. This will allow shared component parts to be stored only
once, reducing the maintenance complexities and storage costs associated with

storing these parts multiple times.

The Problem

Document searching utilizes a variety of operations that allow a
researcher to define what he or she is looking for. These operations can be
generally classified into two distinct categories: document level operations and
word level operations.

Document level operations are those that qualify documents strictly by
the presence of absence of query components within a documents. AND and OR
are examples of document level operations. The query dog and cat qualifies
documents as long as both dog and cat are present in the document.

Word level operations are those that qualify documents based on the
actual word positions of query components within a document. Phrases and
word proximities are examples of document level operations. The query “dog
house” qualifies documents as long as dog and house are not only in the same
document, but occur within one word position of each other in the order
specified.

The basic problem with searching virtual documents is that since the

document is not physically assembled at the time of indexing, word positions

! Virtual documents for display purposes is not a difficult technical problem.
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cannot be assigned that provide a single continuous sequencing of words across
the entire virtual document. Therefore, word level search operations would not
work.

A fundamental premise of this invention is that in many if not all
circumstances, there isn’t truly a need to have word level search operations work
across components of a virtual document. Word level operations are clearly
necessary within components of a virtual document, but when it comes to
spanning components of a virtual document, all that is needed are document
level operations.

An example of this situation is West’s Caselaw documents. They consist
of the actual text of the case along with West created headnotes (as well as other
things). If these documents were physically stored as virtual documents, the
caselaw document would not actually contain the individual headnotes, but
would instead reference them. When a user is searching these cases, they may
use word level operations to identify concepts within individual components
(individual headnotes or the main text), but when combining these concepts, they
would use document level operations. For example, take the query “medical
malpractice” AND sports/3 injury. This query is searching for a document with
two concepts. The word level operations clearly make sense within an
individual component, but don’t necessarily make sense across components.

The document level operation makes sense across components and will result in
finding cases that have two different headnotes that each contain one of the
concepts.

Given this behavior, it is not necessary to solve the word position

assignment problem described earlier in order to support virtual documents.

Overview
Virtual documents are created by encoding a reference to a sub-document
into a document as opposed to physically copying the sub-document as is done
today. The virtual document search engine then operates as follows.
1) A query is parsed into component sub-queries based on

the document level operators.
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2) The component sub-queries are processed using the
standard search engine to produce lists of (component) documents that
satisfy each sub-query.

3) A virtual document query is constructed using the results
from the component sub-queries together the operators by which original
query was parsed in step 1.

4) The virtual document query is processed using the
standard search engine. The final result identifies virtual documents that
matched the original query even though parts of the query were satisfied
by physically separate sub-documents of the virtual document. Please

see Figure 1.

Process
Query Parsing

The first step in the virtual document search process is to parse the input
query into sub-queries. Search queries are generally represented as tree
structures where the intermediate nodes in the tree represent operations, the
branches in the tree represent sub-trees, and the leaves of the tree represent
actual searchable entities (e.g. words).

The goal of parsing is to create sub-queries out of the lowest possible
sub-trees of the query. Since document level operations are supported at the
virtual document level when searching across components, parsing can continue
down through these operators. However, parsing must stop when the first word
level operators are reached. This is because word level operators are only
supported within a single component document.

This results in sub-queries that are either searchable entities, or sub-
queries where the root of the sub-query tree is a word level operator. Please see

Figure 2.

Component Searching

Once the original query is parsed and the individual sub-queries created,
the standard search engine is used to process each sub-query against the set of
candidate documents. The results from each sub-query search are a set of

(component) documents that satisfy the criteria for that sub-query.
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Since the sub-queries were created by parsing only down to the first word
level operator, at the completion of this step, all word level operations specified
in this initial query have been satisfied. All that remains is to combine these
results based on the document level operations that are above the sub-query trees

in the original query tree.

Virtual Document Query Construction
When the individual sub-query searches have been completed, the virtual
document query must be constructed. Understanding of this process begins with

a description of how virtual documents are actually coded.

Virtual Document Coding

The coding of a virtual document involves placing a special type of
reference in the virtual document that points to the component document that is
to be considered part of this virtual document. Assuming documents are coded
in XML, a simple example of such a reference is the following:

<sub-doc_ref>IF6432EB85AD042359640046C07BB9543</sub-doc_ref>

In this example, a component document identifier (GUID) is encoded
within a specific element identifying it as a sub-document reference. This type
of reference could occur any number of times and in any number of places

within a virtual document.

Query Construction

The results from the individual sub-query searches are used to replace the
corresponding sub-trees in the original query to form the virtual document query.
An element restriction search is also used to properly focus the search on
occurrences of the sub documents when used as component documents within a
virtual document.

Figures 3, 4 and 5 show examples of this construction process. The
queries used in these examples are the same ones used earlier to show the initial

query parsing process.
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Virtual Document Searching

Once the virtual document query is constructed, the standard search
engine is again used to process this query against the set of candidate documents.
The results from this search are the virtual documents who either by themselves
or in conjunction with their component parts, satisfy the original query.

Note that it is possible for the component documents to reside in a
separate document collection from the virtual documents that contain these
component documents. As long as the appropriate control information is
maintained to indicate which document collections are to be used at each step,
virtual documents and component documents can be maintained in the same or

separate document collections.

Other Details
Nested Virtual Documents

It is possible to define virtual documents that contain other virtual
documents, thus creating nested virtual documents. The basic process can be
extended to support any desired level of nesting. To implement this feature, the
search results from each virtual document query are used to reconstruct the
virtual document query which is then used to search again. This process
continues until either the desired level of nesting is reached, or until no new
documents are retrieved by the latest virtual document query. Please see

Figure 6.

Field Searching

Another searching feature is to be able to restrict a search to within a
particular field or logical part of a document such as a title or summary section.
Tn XML this can translate into restricting a search to within a particular element.
An example query is: summary(dog) which is requesting to find occurrences of
dog within the summary field or XML element.

At the simplest level, searching for individual component parts that
satisfy the entire query is straight forward requiring no special processing.
However, in order to find virtual documents where the field is defined within the
virtual document while the term is actually within the sub-document requires

additional processing by the Virtual Document Search Engine.
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Since it is possible for the field restriction to be satisfied at either the sub-
document or virtual document level, the restriction must be first checked at the
sub-document level, and if not satisfied, it must be checked again at the virtual
document level. This is accomplished by formulating the sub-query with and
without the field restriction, then crafting a virtual document query that
combines the two results and applies the field restriction to the result from the

sub-query that did not have the field restriction. Please see Figure 7.

Date Searching

Date searching (as used in Westlaw) is strictly a document level
operation and would therefore only be applied to the virtual document query. It
would have no impact on the sub-queries created during the initial parsing phase.
Exemplary Application(s)
Ability to search for documents that appear to be a single unit when in fact they

are physically fragmented into multiple “sub-documents.”

Exemplary Purpose
West Headnotes are currently incorporated into cases, statutes, and analytical
materials. In order to facilitate searching in today’s world, headnotes are
physically instantiated in each document within which they reside. This results
in duplication of headnotes which has a direct impact on storage costs as well as
update costs. The exemplary software would allow headnotes (or other sub-
documents) to be stored once while still supporting the search functionality that
makes them appear as part of another document.

Brief Summary

Virtual documents are created by encoding a reference to a sub-document
into a document as opposed to physically copying the sub-document as is done
today. The exemplary virtual document search engine then operates as follows.
1) Queries are parsed into sub-queries at the lowest level of “document level”
operators (e.g. &). 2) Sub-queries are processed using the standard search
engine to produce lists of documents that satisfy each sub-query. 3) The sub-
queries results are merged together through the original operators by which the
original query was parsed in step 1. 4) Processes 2 and 3 may be repeated

recursively if virtual document structures may be nested many levels deep. The
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final result would identify virtual documents that matched the original query
even though parts of the query were satisfied by physically separate sub-

documents of the virtual document.



WO 03/105028 PCT/US03/18379

Claims
1. A system comprising:
one or more client computer systems, with each including means
for allowing users to generate queries and access query results; and
at least one server computer system for receiving queries from
one or more of the client computer systems, the server computer system
including at least one processor coupled to a volatile or non-volatile memory,
with the memory including instructions for:
parsing a received query into one or more sub-queries,
with each parsed sub-query including one or more search operators;
processing the one or more sub-queries to produce
corresponding sub-query result sets, with each set including a list of documents;
and
combining one or more of the sub-queries result sets
based on the one or more search operators to produce a query result set for the
received query, with the query result set identifying at least one virtual

document, the virtual document comprising one or more sub-documents.

2. The system of claim 1, wherein parsing a received query into one or
more sub-queries, comprises processing the received query as a natural-language

or a Boolean query.

3. The system of claim 1, wherein at least one of the sub-documents
+includes a headnote regarding a particular point of law made in a judicial

opinion.

4. An electrical, magnetic, or optical machine-readable medium comprising

the instructions of claim 1.

5. A computer-implemented method comprising:
parsing a received query into one or more sub-queries, with each

parsed sub-query including one or more search operators.
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6. The method of claim 5, further comprising:
processing the one or more sub-queries to produce corresponding

sub-query result sets, with each set including a list of documents.

7. The method of claim 6, further comprising:

combining one or more of the sub-queries result sets based on the
one or more search operators to produce a query result set for the received query,
with the query result set identifying at least one virtual document, the virtual

document comprising one or more sub-documents.

8. A computer-readable medium comprising instructions for performing the

methods of claim 5, 6, or 7.

9. A computer system comprising a processor operatively coupled to the

computer-readable medium of claim 8.
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Figure 1 — Virtual Document Searching Overview
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Figure 2 — Query Parsing Examples
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ORIGINAL QUERY:
dog end cat

()
J l

f\

VIRTUAL QUERY.
sub-toc_refld or C) and sub-doc_ref{D or E}
Figure 3 - Virfual Document Query Formation — Delailed Example 1

sub-doc, ref(B)

ORIGINAL QUERY:
"bird house” or bird /3 hrabdat

sub-doc;_rol{<doc ifs ﬁnmrasul’#h)orscbd)c refy<doc ids for resull #2>)
Figure 4 — Virtual Document Query Formation — Example 2

ORIGINAL QUERY:
medical mapractice* 4o sports /3 injury and doctor/
3 patient /3 priviege and coftigh) % Yootbal kury”

sud-doc mﬂ«ioc:dsmmsu‘#b)wm
doc. m(@cndsﬁwnraﬂl#b}andﬂb«bc ref{<doc kis
from resul ¥3>} % subd-doc,_ref{<doc ks kom ceslt #4)

Figure 5— Virtual Document Query Formation — Example 3
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Process
porve on docurmredat kvel operator

Figure 6 — Nested Document Searching
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Figure 7 Field Searching
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