47044896 A2 | IV 0 0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

27 May 2004 (27.05.2004)

(10) International Publication Number

WO 2004/044896 A2

G11B

(51) International Patent Classification’:

(21) International Application Number:
PCT/11.2003/000938

(22) International Filing Date:
10 November 2003 (10.11.2003)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/425,728 13 November 2002 (13.11.2002) US

(71) Applicants (for all designated States except US): KEN-
NETH, Nadav [IL/IL]; 30 Ha-Mazbiim Street, 69935 Tel
Aviv (IL). MIZRAHI, Moshe [IL/IL]; 21 Avner Street,
69937 Tel Aviv (IL).

(71) Applicant and
(72) Inventor: SEBBANE, Danny [IL/IL]; 18 Adam Hacohen
Street, 64585 Tel Aviv (IL).

(74) Agent: NAOMI ASSIA LAW OFFICES; 32 Habarzel
Street, Ramat Hachayal, 69710 Tel Aviv (IL).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BW, BY, BZ, CA, CH, CN, CO, CR,
CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD,
GE, GH, GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR,
KZ,1L.C,LK,LR,LS,LT, LU, LV, MA, MD, MG, MK, MN,
MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU,
SC,SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US,UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, 7ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
EBuropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHOD AND SYSTEM FOR USING QUERY INFORMATION TO ENHANCE CATEGORIZATION AND NAVI-

GATION WITHIN THE WHOLE KNOWLEDGE BASE

& (57) Abstract: A method is disclosed to create some structure from the knowledge base of an organization, the knowledge base
including a document database (DB) and queries submitted by users concerning the documents, wherein the method performs mon-
itoring and clustering to enable analysis of the ideas of the organization. The first step of the method involves users submitting
queries by entries on a graphical user interface (GUI). Subsequent steps include recording the queries of the organization, which
includes saving submitter and organization information, comparing queries using a weight matrix generated by a distance function

=

and clustering of the queries into a semantic structure.



10

15

20

25

30

35

WO 2004/044896 1 PCT/IL2003/000938

METHOD AND SYSTEM FOR USING QUERY INFORMATION TO ENHANCE
CATEGORIZATION AND NAVIGATION WITHIN THE WHOLE KNOWLEDGE BASE

FIELD OF THE INVENTION

The present invention relates to methods for creating and exploiting a knowledge
base. More particularly, the present invention relates to methods and systems for using
query information to enhance categorization and navigation within the whole knowledge
base.

REFERENCES

Ben-Hur, Horn, Seigelman and Vapnik, 2001. Support Vector Clustering. Journal of
Machine learning Research, 2:125-137,;

Mika, Scholkopf, Smola, Muller, Scholt and Ratsch, 1999. Kernel PCA and Denoising
in Feature Spaces. Adavances in Neural Information Processing Systems 11;

Scholkpof and Smola, 2001. Learning with Kernels. MIT Press;

Slonim and Tishby, 2000. Document Clustering Using Word Clusters via the
Information Bottleneck Method. Research and Development in Information Retrieval
(SIGIR), pp.208-215. ACM press, NY; and

Tishby, Pereira and Bialek, 1999. The Information Bottleneck Method. Proceedings
of the 37th Allerton Conference on Communication and Computation.

BACKGROUND OF THE INVENTION
The invention is pertinent to the creation and exploitation of knowledge from an
accumulation of unstructured information storage. It provides grounds for relating bodies of
knowledge, stored or implied in warehouses, incorporates the expertise of users and
generates maps or metadata describing or representing information or knowledge.
The goal of many applications is to gain useful information from unstructured data.
The general phases of such a process would be:
e accumulating information, as relevant as possible;
e organizations information in warehouses for later retrieval processing;
e data mining, aimed to uncover hidden phenomena and knowledge;
e searching and retrieving data, using query and visualization technologies;
e mapping areas of interest regarding experts and information; and

e delivering and monitoring the flow of ‘on-line’ information for all demands.
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Data Mining:

Data mining may be defined as the process of discovery of non-obvious valuable
patterns, from a collection of data, or alternatively, the automated extraction of hidden
predictive information from databases.

Data mining uses a variety of approaches. Data mining software allows users to
analyze large databases to solve business decision problems. Data mining is, generally, the
convergence and use of artificial intelligence methods and machine learning techniques. In
most standard database operations, nearly all of the results presented to the user are
something that they knew existed in the database already. Data mining, on the other hand,
extracts information that the user did not know existed.

Data mining is generally used to point out interesting information in an accumulation
of information. Once such phenomena are discovered, the next challenge is to allow
consumers to make use of the new knowledge and insights discovered.

Organization
Organization of information has to support the following criteria:
¢ have the information ready for future retrieval;
¢ have the information ready for future reorganization; and
e allow coherent display and visualization of information and metadata of
information.

Retrieval

Retrieval is the process by which searching techniques provide resuits, which are
later used to rank and visualize the requested data. Retrieval is usually done by posing
queries to an information domain by a user.

Clustering

Knowledge discovery in databases often requires clustering the data into a number of
distinct segments or groups in an effective and efficient manner. Clustering is the technique
of grouping records together based on their locality and connectivity within an n-dimensional
space. Good clusters show high similarity within a group and low similarity between any two
different groups.

Clustering Queries
There are existing solutions that monitor the stream of queries and make use of

information contained. These typically concern query enhancement for the purpose of better
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information retrieval. Natural language processing (NLP) terms such as query expansion,
query matching, query understanding and semantic enhancement are often used to describe
different methodologies whose net goal is the same: providing better and more relevant
retrieval to answer the original query of the user, based on information extracted from the
stream of past queries. Prior art query solutions generally rely on simple statistical
approaches, such as how often various words or phrases appear together in the same
document, and cluster words together into semantic “families.”

Most Prior art data mapping techniques lead to “rule books,” which are created and
maintained in order to map experts to knowledge. Due to the nature of such techniques,
“rule books"” are static and are seldomely updated.

Visualization

Wherever there are processes that convert, process, represent or reduce large
amount of information, there is a need to represent that raw or processed information to
human users, in order to allow them to understand, monitor or analyze the operation and
results of those processes. Many Data Mining applications were exiremely efficient in
processing information, but are quite poor in visualizing their results to human consumers
and controllers in a usable manner. The challenge is even greater when it comes to
designing visualization models that allow the relation of the operation of Data Mining and
other technologies to the daily activities and needs of the operating organizations.

Mapping

There is a need to map areas of interest of organizations to regarding information
and people. Most Prior art data-mapping techniques rely on the creation and maintenance
of “rule books,” which are created and maintained in order to map experts vs. knowledge.
Due to the nature of such techniques, rulebooks are static and are seldom updated.

Therefore, there is a need for a method that overcomes the limitations of the prior art,
and provides dynamic adaptive mapping of the areas of interest to the users within an
organization, i.e., information derived from unstructured databases, that reflects changes in
the interests of the organization.
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SUMMARY OF THE INVENTION

Accordingly, it is a principal object of the present invention to deliver - a unique
weighting method to compare user queries and clusters of queries.

It is another object of the present invention o make use of data contained within the
stream of user queries, as being representative of what an organization’s interests are over
the specific archived time interval, and attempt to arrange the information that was brought
into the organization according to those queries

It is one more object of the present invention to keep a record of the queries
initiators, and to record and weight their contribution to each of the clusters, thus creating a
map of the actual distribution of knowledge in the organization (“Actual Map”).

It is another object of this invention to correlate the Actual Map to a formal
organizational chart, allowing a comparison and analysis of both maps.

It is one more object of the present invention to arrange the unstructured data (texts)
according to the structure of the clusters generated from the user’s queries.

It is a further object of the present invention to develop an information management
and retrieval (IMR) system that monitors, records user queries and clusters them in a unique
-methodology.

It is one further object of the present invention to accumulate queries in groups
according to this weighting method, and to divide the groups according to semantic and
linguistic considerations.

It is yet another object of the present invention to provide core algorithms, combined
with contemporary machine-learning techniques having modifications that adapt them to a

two-tier architecture thereby; Queries Vs. Documents manipulations.

A method is disclosed to create some structure from the knowledge base of an
organization, the knowledge base including a document database (DB) and queries
submitted by users concerning the documents, wherein the method performs monitoring and
clustering to enable analysis of the ideas of the organization. In the firststep of the method
users submit queries by entries on a graphical user interface ~(GUI). Additional steps include
recording the queries of the organization, which comprises saving submitter and organization
information, comparing queries using a weight matrix generated by a distance function and
clustering of the queries into a semantic structure.
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The processing steps and sub-steps for the method and system of the present
invention are:
1. Monitoring and clustering queries:
a. User interface for submitting queries;
5 b. Saving queries in a unique structure, i.e., saving submitter and
organization information;
c. Comparison between queries using a weight matrix generated by an
algorithm regarded as a distance function; and
d. Clustering queries into semantical structure using a clustering algorithm;

10
2. Gathering data for the organization from “out sources” and entering it in the
organization database:
a. Gathering data into the organization DB;
b. Generating a vector structure of the data appearances; and
15 c. Using the vector structure in order to form semantic familiarities
(clustering words, i.e., “connections”);
3. Queries enhancement for preprocessing data (Indexing via Brown corpus):
a. Enhancing words appearing in queries by multiplying the number of
20 appearances with a constant;
b. Primary data analysis — comparing the distribution of a word within the
organization DB and its distribution in Natural Language (NL); and
c. Weighting words appearances with respect to NL;
25 4. Clustering Data:
a. Using information theories in order to assemble and represent the data
(Information Bottleneck);
b. Using queries as prior knowledge for the Information Bottleneck;
c. Clustering data (Agglomerative, Sequential Clustering, 2002); and
30 d. Using queries as a predisposed factor, thereby replacing the random
factor when performing clustering;
5. Using queries’ data for searching information (search engine):
a. Methods for searching information using queries’ structure (clusters); and
35 b. Presenting queries’ structure with respect to a new query (when a user

presents a new query, the system rates the nearest clusters according to the new
query); and
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c. presenting submitted queries in order to facilitate the submission of a new
query; and

6. Using the queries structure to create an organization map:

a. develop a method that facilitates the designation of experts concerning
the requested data; and

b. provide a unique graphical organization map of data occurrences and
experts.

The present invention is based on a smart analysis of the ongoing stream of queries
generated by organization users. This source of dynamic, up-to-date information is used to
generate and continuously update an information management and retrieval (IMR) system,
which serves the changing information management needs of the organization. At the
foundation of this technology lies an interleaved information processing approach, wherein
two techniques are combined.

Structured categorization of the organization's stream of queries is used to generate
an interacting, dual map representation of the organizational knowledge. The two tiers in
this representation are the Query Map and the Document Map, representing complementary
and inter-related aspects of the organization's knowledge base. The Query Map assigns
primary and secondary terms for user queries into the document database, and the
Document Map does so for the document database itself. Structures revealed by the Query
Map are used to refine the Document Map, which is, in turn, used to update and restructure
the Query Map. Ways have been found to build upon this two-tier representation and
categorization concept in order to generate veritable information processing functions, such
as adaptive categorization, query expansion and enhanced semantic capabilities.

The present invention can be differentiated from other systems that monitor the query
stream at two levels: -

While the present invention performs query enhancement, it's use of
information contained within the queries extends beyond information retrieval
applications. Information gained from the queries can be used to enhance
categorization and navigation within the whole knowledge base of the
organization.

The present invention delivers a refined version of query
enhancement, by drawing upon semantic metrics that are built specifically to
reflect the organization's knowledge structure. Using both the Query Map and
the Document Map, precise expansions can be obtained. Such expansions

correspond to the terms which are most relevant in the context of interests
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within the organization, rather than in the wider and less precise context of
generic natural language corpora.

The present invention is based on algorithms for construction of a proximity measure
between structured queries. A proximity measure is defined for queries that reflects the
relative importance of different query terms. This proximity measure allows treatment of
both structured and unstructured types of queries in a unified framework. This proximity
measure allows effective hierarchical categorization, resulting in the structure of the Query
Map. The Document Map is created by applying an Information Bottleneck method [Tishby,
Pereira and Bialek, 1999; Slonim and Tishby 2000] to the document database.

Hypergraphs have been previously used for (a single) high-dimensional clustering,
but not for combining multiple groupings. Mutual information is a useful measure in a variety
of contexts. For example, the information bottleneck method is an information-theoretical
approach that uses mutual information to do dimensionality reduction (e.g., through
clustering), while trying to preserve as much information about the class labels as possible.

The Information Bottleneck Method is a link between information theory, statistical
mechanics and learning. A fundamental problem in learning and data analysis is the
extraction of "relevant” representations, or reduced description of random variables, where
the relevance is determined via other known variables. This very general problem can be
formulated using information theory ideas, in a way that yields specific algorithms for solving
this problem. Given any two non-independent random variables, it is proposed to compress
one of the variables under a constraint on the mutual information to the other one. This
general variational problem yields an exact formal solution which can be explicitly obtained
via several converging procedures. It also provides a general and rich, unified framework for
discussing many problems in signal processing, pattern recognition and machine learning.

Two novel ideas are applied in the creation of the Document Map. First, information
from the Query Map is incorporated into the bottleneck processing, yielding a more focused
clustering that matches the knowledge areas reflected by the queries. In addition, a novel
method was developed for the iterative step of the algorithm. This method replaces the
standard agglomerative technique with a combination of hierarchical splitting and modified
K-means clustering. It bears promise for a significant reduction of computational time
complexity. Optionally, further utilization of the interplay between the Documents and
Queries maps can be made by closing the loop, and using the document map to enhance
the query map: Document similarities will be used to derive organization-specific Term
similarities, which in turn will effect the Query Map. This will be performed using efficient
iterative algorithms such as Expectation-Maximization.
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Of particular promise is the fact that the basic approach lends itself to extension in a
very interesting direction. The proximity measure for queries described above can be
regarded as a kernel function specifically tailored to the characteristics of structured queries.
This opens the possibility for using state-of-the-art kernel-based methods [Scholkopf and
Smola, 2001] such as Kernel PCA [Mika et al., 1999] and Support Vector Clustering [Ben-
Hur et al., 2001]. Such methods have been rapidly gaining popularity in several core areas
of machine learning, such as bioinformatics and document retrieval. In the context of query
processing and information management, their application seems to have been somewhat
delayed due to lack of appropriate kernel functions.

Additional features and advantages of the invention will become apparent from the
following drawings and description.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention in regard to the embodiments thereof,
reference is made to the accompanying drawings and description, in which like numerals
designate corresponding elements or sections throughout, and in which:

Fig. 1 is screenshot illustration of a login screen, where the employee/user enters his job
title, constructed in accordance with the principles of the present invention;

Fig. 2 is screenshot illustration of cluster specification, constructed in accordance with the
principles of the present invention;

Fig. 3 is screenshot illustration of a keyword selection screen, constructed in accordance
with the principles of the present invention;

Fig. 4 is screenshot illustration of a document evaluation screen, constructed in accordance
with the principles of the present invention;

Fig. 5 is screenshot illustration of the query evaluation matrix, constructed in accordance
with the principles of the present invention;

Fig. 6 is screenshot illustration of a login screen, constructed in accordance with the
principles of the present invention;

Fig. 7 is screenshot illustration of a text connections evaluation screen, constructed in
accordance with the principles of the present invention; B

Fig. 8 is screenshot illustration of a text connections update screen, constructed in
accordance with the principles of the present invention; and
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Fig. 9 is screenshot illustration of a text connections interactive screen, constructed in
accordance with the principles of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

1. Monitoring and clustering queries:

a. Aunique user interface for submitting queries: The first step in the method of the
present invention is the development of a user interface used to submit user’s queries in
a unique six levels hierarchical structure.. The hierarchy embodied in the query structure
is used to: (1) cluster queries, forming semantical familiarities; (2) enhance and improve
searching capabilities. In a preferred embodiment, a graphical user interface is used to
present 6 levels, as exemplified in the screenshot of Fig. 3 below;

b. Saving queries in a unique structure, i.e., the submitter and organization
information are recorded: When submitting a query a list of associated information to the
query is stored in the database as well. Information that is used later on to monitor the
distribution of information in the organization;

C. Cdmparison between queries, using a weight matrix generated by an algorithm
as a distance function: This algorithm provides a weight matrix, and out of this weight
matrix a distance function is determined between each query and every other query.
E.g., Table I illustrates a comparison between queries [Q,], while Table Il illustrates the
matrix:
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TABLE |
Q, is Query 1:
Primary Subject [a
Secondary -subject b
Primary Actor cl
Secondary Actor d
Place e
Time f
Q. is Query 2:
Primary Subject g
Secondary -subject h
Primary Actor Ma
Secondary Actor d
Place f
Time i
Qs is Query 3:
Primary Subject w
Secondary -subject bj/
Primary Actor c
Secondary Actor \ d
Place e
Time f

The 6 levels of the preferred embodiment comprise a top-down hierarchy, wherein the 1%
level is greater than the 2™ level, the 2™ level is greater than the 39 level, etc. A detailed
array of values implimenting this hierachical structure can be seen in Table ll. The matrix
presented in Table Il is used to compare queries.
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TABLE Il

Level 1 Level 2 Level 3 Level4 - Level5 Level 6
Level 1 0.6019 0.5116 0.4213 0.3309 0.2406 0.1503
Level2 0.5116 0.0599 0.0489 0.0379 0.0269 0.1503
Level 3 0.4213 0.0489 0.0049 0.0046 0.0043 0.0041
Level 4 0.3309 0.0379 0.0046 0.0038 0.0036 0.0033
Level 5 0.2406 0.0269 0.0043 0.0036 0.0031 0.0028
Level 6 0.1503 0.0159 0.0041 0.0033 0.0028 0.0026

Table Il shows a comparison between three queries Q;,Q, and Qs:

TABLE Il
Qs Q Q.
w a g
\
b........ 0.0599......... b 0.4213 h
Covrrinnns 0.0049......... c a
d......... 0.0058 do 0.0038 d
[ 0.0031......... e f
0.0028
| A 0.0026......... f i
0.0763............c..... 0.4279

Thus, since 0.4279 is greater than 0.0763, Qs is closer to Q4 than to Q,; and

d. Clustering queries into semantical structure using a clustering algorithm: The
distance function is used to cluster the queries. The end result is numerous clusters, or
“families” of queries, that have semantic connections and “distances” between them
defined by their differences and weights. The distance between queries is used to
organize the queries into appropriate clusters. Although a known agglomerative
algorithm is used for the clustering, the distance function provides a novel feature. Thus,
the present invention uses an agglomerative algorithm to cluster queries and create
families of queries, by using a weighted matrix as a distance function to create the
clusters of queries. l.e., sub-step 1-d uses the results of sub-step 1-c to create clusters
of queries.

Furthermore, when a user presents a new query, the system rates the nearest
clusters according to the new query. New queries can be evaluated in real-time, or
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periodically, to see how close each is, and whether to add it to an existing cluster, or
optionally either enlarge the cluster boundary or form a separate “satellite” cluster.
Alternatively, if no cluster is “close,” a distant new cluster may be formed to
accommodate a new query, and the cluster “map” is regenerated;

2.  Gathering data for the organization and storing it in the organization database (DB):

a. Gathering data into the organization DB. The system detects the information
demands of the organization and stors the information in the DB;

b. Generating a vector structure of the data: The system represents each word as a
vector of how the word is distributed in the the queries of the organization and the
document database of the organization, i.e., the documents and phrases in which it
appears, etc. The goal is to create clusters of words that are semantically related to each
other, as described in step 4 below. Queries are associated with phrases (or sentences)
and clusters are associated with documents. Thus, words that appear in queries have an
added component relative to those that only appear in documents. A word that appears
in documents only has a 2-dimensional vector: documents; and phrases. A word that
also appears in queries has a 4-dimensioal vector: documents; phrases; clusters; and
queries. A vector is used to represent the distribution of the word in the organizational
database and organizational queries. If a word appears in a query, it is manifested by the
third step, wherein it is automatically multiplied by a constant. Thus, the vector
represents multiple instances of the word. E.g., word a appeared in document 1 / phrase
1, document 1/ phrase 2, and in document 2 / phrase 2 it appeared twice. Words which
also appear in at least one query are shown below in bold:

Words appearing in Doc 1

abcdg® eaghq?
Words appearing in Doc 2

ijblemaape

Furthermore, the following represents the distribution of words in queries and
clusters of queries as deturmind by the system (described in step 1). The system has
decided that queries Q4, Q. and Qg should be clustered in C; and queries Q4 and Qs,
having no words from either D; or D, should be “clustered in C,. Semantic
categorizations using the queries’ structure are shown in Table IV, as follows, for two
clusters of queries:
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TABLE IV
Co
Q4|Qs5
gl g

such that the following, in Table V, represent vectors a (V,), q (Vg) and b (V) have
dimensions of document (Dy) and phrase (Phy) only, when there are no appearances in a
query, and
when there are query appearances, have added dimensions of cluster (Cy) and query
(Qa):

TABLE V
Va —p Dy, Phy; Dy, Phy; Dy, Phyyg;

[omemememom pomsmiescms - ——— o — ——

Vq _HTDT,_PT];:—:: Dy, th’: Cs, QH G, Qa}; and

|

|
i [ i l I |
Vo —ri D1, Phy Dz, Phy; iDy, Phy; | Gy, Q4f Cy, Qa
[ i I 1 !

L

————d bl ]

Phay, indicates “a” appears twice in the second phrase of D,.

3. Queries enhancement for preprocessing data (Indexing via Brown corpus). The
second step is enhancing the queries for pre-processing of the data, looking at whether
words appear in documents and phrases as semantic units. The “distance” between words
in a phrase is also considered. The basis of comparison for occurance of words is the
Brown Corpus. The Brown Corpus is the distribution of English words in the natural
language, as appears in a large sample of documents from diverse sources:

a. Enhancing words appearing in queries by multipling the number of appearances
with a constant. The word is measured for its frequency of-occurance in the specific data
of the organization. If a word, for example, “refrigerator,” appears with 10 times the
frequency in the data, this may be considered significant, and words are ranked
accordingly. This measured value affects the weighting process described above.

The archive of queries is used to manipulate the data. For example, if words a, b, ¢
and d appeared once in a document. If the word d also appeared a number of times in
the queries, the number is multiplied by a constant, such as 4, although the value of the
constant may be changed if this is found appropriate. Each word in the database (DB)
that appeared also in queries is multiplied by this constant in order to manipulate its
weight with respect to other words that did not appear;
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b. Primary data analysis — comparing the distribution of a word within the
organization DB and its distribution in Natural Language (NL): Thus, the Brown Corpus is
used to give each word a weight relative to its frequency of occurrence in general usage;
and

c. Weighting words appearances with respect to NL;

4. Clustering Data:

a. Using information theories in order to assemble and represent data (Information
Bottleneck);

b. Using queries as prior-knowledge for Information Bottleneck: When semantic
categorization of words into semantic families is begun, the structure inherent in the
clustering of the queries has an impact on how the words will cluster together as
individual notions. For example, if 2 words appear in the same document and the same
cluster, they stand more of a chance of clustering together than 2 words that appear only
in the same document. Furthermore, if 2 words appear in the same query, they stand
more of a chance of clustering together than 2 words that appear only in the same
cluster. The structure revealed by the weighting in the first step, is entered into the
vectors in this fourth step. Semantic categorization creates connections of vectors, and
has to consider the structure of the queries built into the vector.

c. Clustering data (Agglomerative, Sequential Clustering): a distance matrix based
on words distribution in documents and queries (i.e. vectors — see step 2b) is used in
order to cluster words into semantic families. With reference to Tables |V an V, above, in
trying to decide between the 3 pairs, whether V, goes with V, or with Vy, or V, goes with
Vi, if 2 words, such as q and b appear in the same query, i.e. Qq, it is more significance
than if 2 words appear in the same cluster, but not in the same query. This is because 2
words in the same query is decided by the user, but 2 words in the same cluster is
decided by the system when it puts 2 queries together in the same cluster. Since V,, and

V, have three instances in common ( —————- ), and V,, and V, have two instances in
common (=== ), Vb and Vj are considered to have a connection, and V, is left aside;
and

d. Using queries as a predesposed factor, replacing a randomalization factor in
clustering methods (Sequential Clustering, K-means): Some of the clustering algorithms,
e.g. Sequential or K-means, have a randomized component, mainly in their initial step.
InsightLook uses the structure of the queries (i.e. queries clusters) in order to control this
random feature of these algorithms. The results of this are as follows — instead of starting

the words-clustering-proses (i.e. connections) randomly by creating random groups of
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words for the initial step, the system uses the already existing groups of words created by
the queries-clustering-process and only then starts the word clustering stage;

5. Using queries and queries structure for searching information (search engine):

a. Methods for searching information using queries’ structure (clusters): The
present invention uses a hierarchy for ranking each query. Prior art search engines,
such as Google ™ and Yahoo!™ apply one or more equal keywords from a new query
to find a document. The present invention uses several ranked levels of keywords.
When using a query to retrieve documents the system first determines which is the
closest query-cluster (CQC) in the DB to the new query. Only then retrieving
information is aplied. This sub-step involves the following steps: (i) filtering relevant
documents; and (i) ranking the filtered documents:

(i) when filtering relevant documents three optional methods can be
applied in order to determined about the relevant documents:

- Pivot Only — all documents that include one of the words
appeared in the new query;

- Field Union - all documents including one of the words
appearing in the CQC to the new query; and

- Query Union — all documents including all of the words in one
of the queries appearing in the CQC to the new query; and

(ii) four types of ranking options can be applied:

- Total — every word in the CQC and the pivot has the same
weight in determining the score a document can receive (a
quantitative criteria);

- Witotal — words from the CQC and the new query are
weighted according to their location in the hierarchical
structure mentioned in step 1a; and

- Ptotal — words from the new query have more weight when
ranking a documents regardless of their hierarchical location;

- Pwtotal — words from the new query have more weight than
words from the CQC. But also, the hierarchical location of
the words in the new query and the CQC is taken into
consideration. E.g., a document containing a word from the
6" lever of the new query will be ranked higher than a
document containing a word from the 4% level of a query from
the CQC. Nevertheless, the latter will be ranked higher than
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documents containing a word form the 2™ level of a query
from the CQC, etc; -

b. Presenting queries’ structure with respect to a new query: a user can use
the clustering ranking mechanism of the system in order to view the content of the
CQC. This can be used in order to: (i) monitor the distribution of the content
needed; and (ii) rely on other users’ word associations and notions structures; and

c. Presenting submitted queries in order to facilitate the submission of a new
query: The user can select an option: “Help me completie a query,” and he/she
presents a subject only. Herein the system returns entries based on previous
queries; and

6. Using the queries structure to create an organization map:

a. Develop a method that facilitates the bundling of experts regarding the
requested data: By using step 1b, i.e. information associated with each query, the
system can monitor the distribution of information in the organization. For example, by
monitoring the queries submitted from users within the same department, the system
can monitor the information associated with those queries, thus mapping the
departments’ interests with respect to the organization. Furthermore, the system
detects a subject of interest associated with a specific user and assign him/her a title
of expert; and

b. Provide a unique graphical Organization-map of data occurrences and
experts: Based on step 6a, a graphical interface is used to visualize and facilitate the
monitoring of information distribution in the organization, as well as for monitoring of
expert.

Reference is now made to Fig. 1, which is a screenshot illustration of a login screen, where
the employee/user 110 enters his job title 120, constructed in accordance with the principles
of the present invention.

Fig. 2 is screenshot illustration of cluster specification, constructed in accordance with the
principles of the present invention. The cluster category drugs 210 is shown expanded into
four sub-categories 220, one of which is high-lighted for more specific retrieval of relevant
documents 230.

Fig. 3 is screenshot illustration of a query keyword selection screen, constructed in
accordance with the principles of the present invention. Six overall ranked levels of
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keywords having three major categories of keywords 310 are shown: subjects; players; and
environment. Subjects and players are further divided into main and secondary keywords,
while envoironment is sub-divided into place and time. The user has entered "aids" 320, for
example, as the main keyword for subjects.

Fig. 4 is screenshot illustration of a document evaluation screen, constructed in accordance
with the principles of the present invention. The titles of the documents pointed to by the
query 410 of Fig. 3, according to the first three levels 420 of keywords: aids; prevention; and
women are shown. The "show document" button 430 has been pressed by the user, and
therefore the "document window" 440 shows the scrollable full document.

Fig. 5 is screenshot illustration of the query evaluation matrix 510, as described above, and
constructed in accordance with the principles of the present invention. A new query (Query
#0) 520 is evaluated against eleven existing queries 530, having similar, but variated
keywords.

Fig. 6 is screenshot illustration of a login screen 600, constructed in accordance with the
principles of the present invention.

Fig. 7 is screenshot illustration of a text connections evaluation screen, constructed in
accordance with the principles of the present invention. Major categories of query clusters
710 are displayed. The user has selected costs 712. The user is prompted to refresh 720.

Fig. 8 is screenshot illustration of a text connections update screen, constructed in
accordance with the principles of the present invention. Fig. 8 is a "refresh” of Fig. 7. An
expanded list of major categories 810 is now shown. Costs is also shown separately with a
list of sub-category keywords 820, including insurance 823, which the user has high-lighted.
The documents shown 830 now include sub-category keywords high-lighted 835. Again, the
user is prompted to refresh 840.

Fig. 9 is screenshot illustration of a text connections interactive screen, constructed in
accordance with the principles of the present invention. Fig. 9 is a "refresh" of Fig. 8. The
sub-category "cost, insurance" 910 is now shown expanded, including "hiv" 914. Since the
user has interactively high-lighted "hiv" 914, document having occurances of hiv and cost
are displayed, with these terms high-lighted 920.
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We claim:

1.

18 PCT/IL2003/000938

A method to create some structure from the knowledge base of an
organization, the knowledge base comprising a document database (DB) and
queries submitted by users concerning the documents, wherein the method
performs monitoring and clustering to enable analysis of the ideas of the
organization, the method comprising: '
Submission of an hierachical query;
recording the queries of the organization, comprising saving-submitter
and organization information;
comparing queries using a weight matrix generated by a distance
function; and

clustering of the queries into a semantic structure.

The method according to claim 1, further comprising: gathering data for the
organization and entering it in the organization DB.

The method according to claim 2, comprising the steps of:
gathering data into the organization DB;
generating a vector structure of the data; and
using the vector structure in order to form semantic familiarities
(clustering words, i.e., “connections”)

The method according to claim 2, further comprising enhancing the queries
for later pre-processing of the data, in order to best exploit the latter element
of method 3.

The method according to claim 4, wherein enhancing comprises:
enhancing words appearing in queries by multiplying the number of
appearances with a constant;
comparing the distribution of a word within the organization DB and its
distribution in Natural Language (NL); and
weighting words appearances in the DB and the
queries relative to appearances in the NL.

The method according to claim 4, further comprising clustering
the data.

The method according to claim 6, wherein clustering the data

comprises:
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using information theories in order to assemble and represent
the data, thereby overcoming an information bottleneck;

using queries as prior knowledge for the information
bottleneck;

clustering data (agglomerative, sequential clustering); and

using queries as a predisposed factor, thereby replacing the
random factor when performing clustering.

8. The method according to claim 6, further comprising using queries’ data for
searching information (implementing a search engine).

9. The method according to claim 8, comprising the steps of:
searching information using the queries’ structure (clusters);
presenting queries’ structure with respect to a new query (when a user
presents a new query, the system rates the nearest clusters according to
the new query); and
presenting submitted queries in order to facilitate the submission of a
new query.

10. The method according to claim 8, further comprising using the queries
structure to create an organization map.

11. The method according to claim 11, wherein using the queries structure to
create an organization map comprises:
developing a method that facilitates the designation of experts
concerning the requested data; and
providing a graphical organization map of the data occurrences and
the experts.
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