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FOR FINDING HIDDEN PATTERNS IN THE CONTEXT OF QUERYING APPLICATIONS This
application is a continuation-in-part application of prior provisional
patent application serial no. 60/l03,948, filed October 13, 1998. FIELD OF
THE INVENTION 5 The present invention relates to a query-based software
system or an on-line analytical processing system, particularly to a
software application that provides a front-end for a user to interact with
the query based software system, e.g., a Structured Query Language (SQL)
interface, a World Wide Web-enabled interface to databases. More 10
particularly, the present invention relates to a computer implementation of
a mathematical function which maps a finite set of strings to a set of
numbers to alert the user to maximally-valued results that lie inside and
outside of the line of the user's query. BACKGROUND OF INVENTION 15 We live
in an age of data. It pervades the lives of ordinary men and women - both
at home and at work. The question arises: How should these people cope with
this data explosion? The average person does not have a Ph.D. in statistics
or any other data-analytic discipline. Yet, it is quite evident that such a
person must be able to cope with the data 20 explosion. For instance, is
the day far off when employers will expect that their security guards be
able to find patterns of break-ins in security logs? The computer software
industry has made progress in addressing the needs of non-technical users
who must interact with data. Today, it is quite simple fox even an
inexperienced programmer to put together a user 25 friendly querying
application for a new domain - be it banking, insurance, sports,
entertainment or other domain - by making use of well-known tools and
methodologies. By way of illustrating those tools and methodologies, we
show how easy it is to put together a querying application suitable for
corporate 30 security purposes. The application must provide a security
guard with the means to ask questions about the incidents recorded in the
on-line security log of a corporation. A logical model of the security log
is generated by treating the log as a collection of incidents and by
specifying attributes to describe those incidents. Typical attributes and
their values for the 35 security log application may include: type-of
incident, having values such as theft, assault, break-in,
attempted-break-in, etc.; gravity-of incident,     w0 00/22493 2 11 J U N
2003 PCT/US99/24029 having values such as minor, serious, etc.; location-of
incident, having values such as corporate-headquarters,
region-x-headquarters, manufacturing-plant-a, etc.; shift-discovered,
having values such as day, night, etc.; shift-occurred, having values such
as day, night, unknown, etc.; year, having values such as 1998, 1997, etc.;
quarter, having values such as first, second, third, or fourth;
date-occurred, date-discovered, time-occurred, time-discovered, with sets
of corresponding values such as 3/4/98 or 2300 hours, and so on. After
logically modeling the security log space, the next step is to 10 define
the actual computations that will be utilized by the querying application.
Computations for the security log application may include: counting the
number-of incidents, determining the change-in-the-number of incidents in a
year selected by the user (if the user does not select a year, the present
year will be used) as compared 15 with the previous year, determining the
average-time-elapsed between the time of occurrence and the time of
discovery of an incident, etc. What makes it easy for even a novice
programmer to produce such an application is that the programmer can use
off the-shelf systems. For instance, a relational database can be used to
represent the logical model 20 of the security log data. The programmer can
create a table of incidents, the rows of the table representing specific
incidents, and the columns of the table representing the attributes used to
describe those incidents. A specific location in the table contains the
value of the attribute which describes the incident. 25 It is also standard
for such a database to include tools to define the computations to be
executed on the table of incidents and to create a graphical user interface
(GUI) to interact with the user. Simple computations such as sums,
differences, averages, percentages, etc., may be easily generated and
implemented using such tools. Consequently, the 30 programmer can easily
implement the computations required for the security log application. The
programmer can also use the tools to create a GUI that allows a user to ask
questions about the security log data by selecting suitable values for the
attributes and computations that are of interest. For 35 instance, the
interface can present the user with two lists, one for the attributes and
one for the computations. The user can select one or more items in each of
these lists. When the user selects an attribute, the user is presented with
a further list of the possible values for that attribute. The user must
select at least one value for every attribute that is of interest to 40
him. 



~11 JUN 2003 WO 00I22493 PCT/US99/24029 The querying application allows
even a non-technical user to ask questions about data without writing a
single line of programming code. Instead, the user selects (i.e., points
and clicks) items on a computer screen to obtain the desired information
about the data. Those items have labels 5 which correspond to physical
events that the user is familiar with. For example, if the security guard
wants to find out how many incidents have occurred in 1998 at the corporate
headquarters during the night shift, the guard selects the computation
number-of incidents, and the values: night for the attribute
shift-occurred, 1998 for the attribute year, and corporate 10 headquarters
for the attribute location-of incident (hereinafter referred to as the
number-of incident query). After the user issues a query, the querying
application computes a result for the present selection by processing the
data in the security log. For the above example, the answer to the query
will be an integer, such as 15 5, 10 or 1 S 1. It is appreciated that all
computations supported by the security log querying application will output
a number. For example, a positive integer for number-of incidents, a
positive or negative integer for change-in-the-number (of incidents in 1998
vs 1997), and a real number for average-time-elapsed (between occurrence
and discovery). Since the 20 set of real numbers subsumes the set of
integers, in general, we can say that computations in querying applications
will map a string of attributes and their values to a real number. Those
skilled in the art will recognize that there are many methods of
implementing the security log application that was described herein. 25 For
example, a user may have entered the values of the selected attributes
instead of selecting the values from a list. However, the basic scheme
which is representative of the prior art in this field - remains unchanged.
The block diagram of the logical functioning of a querying application in
accordance with the prior art is shown in Fig. 1. An input 30 module l01
transmits a query 104 to a computation module l02. The computation module
102 executes the computations invoked by the query 104 and outputs the
computation results 106 to an output module 103. Those skilled in the art
will understand the operation of the 35 querying application in Fig. l from
the workings of the security log querying application that was described
earlier. The number-of incident query example must be implemented by a
stream of data that are logically partitioned into different fields. The
query 104 may consist of two data fields, which contain information about
the user's selections. One field 40 specifies the set of attributes along
with the values selected by the user for   w0 00I22493 4 11 JUN 2003
PCT/US99/24029 those attributes (hereinafter referred to as the attribute
field), and the other field specifies the set of computations that will be
presented with the selected values to the computation module 102 and
executed to produce results. The contents of the attribute field may be
further partitioned into sub-fields that correspond to the individual
attributes selected by the user. The content of such a sub-field is the
value selected for the corresponding attribute. In other words, the query
104 is a stream of bits that is partitioned logically into fields and
sub-fields to identify the user's selections. 10 The input module 101 is
primarily a number of computer storage locations, e.g., computer memory,
disk storage, tape storage, etc., that are logically partitioned to capture
the fields and sub-fields of the query l04, thus making it possible for it
to receive and store the different selections of the user as well as to
transmit the query 104 to the computation 15 module 102 in a manner which
preserves that differentiation. Similarly) the output module 103 is also
primarily a number of computer storage locations that are logically
partitioned into fields corresponding to the different computations that
are supported by the querying application. The results of the computations
invoked by the query 104 are stored in the 20 appropriate fields. Those
skilled in the art understand that a variety of computations are used in
querying applications. For example, the security log application employed
three computations: a count of incidents (numberof incidents), a difference
between two counts (change-in-the-number), 25 and the average value of a
difference between two time intervals (averagetime-elapsed). Other commonly
used computations producing numeric results may include percentages,
products (obtained by the multiplication of two or more numbers), etc.
Hence, for the purpose of capturing the prior art in Fig. l, a 30
computation is defined to be a computer implementation of a mathematical
function that maps an n-tuple of attribute-value pairs, referred to as an
attribute-valued string, to a real number, referred to as a computation
result, where n is the number of attributes in the querying application.
Thus, the number-of incidents query has the attribute-value 35 string
shift-occurred = night, year = 1998, location-of incident =
corporate-headquarters. The number-of incidents computation maps that
attribute-value-string to a number such as 5, 10 or 151. Accordingly, the
computation module 102 is a collection of a prespecified number of
computations (as defined above), each of which can 40 be executed to
produce a numeric result. Thus, the computation result 106 



11 JUN 2003 WO 00/Z2493 PCT/US99/24029 5 described in Fig. 1 is a stream of
bits partitioned into fields that contain numeric results, a field for each
computation in the set of computations. There are some non-obvious issues
that will be apparent to those skilled in the art. For example, the
security guard did not specify a value 5 for every attribute but only
specified those attributes that the security guard was interested in.
Although there was no value specified for the type-of incident attribute,
the number-of incident query is still considered a well-defined query. The
query requests that the number of incidents that occurred at night in 1998
at the corporate headquarters be computed. l 0 Those skilled in the art
will recognize that there are several ways to handle such partial input.
For example, a default value, namely, the "*" value, can be assigned to
each attribute not specified by the user. Accordingly, the query 104
contains user-specified values in the data fields corresponding to the
user-selected attributes and a "*" in the data fields 15 corresponding to
non-specified attributes. Alternatively, the query 104 may contain a
special field that specifies the number of attribute-value pairs, so that
the computation module 102 can interpret the query 104, even though only
some of the attributes are specified. Logically, these two schemes are
equivalent. It is appreciated that the "*" value 20 implementation is used
without any loss of generality. The computation module 102 represents (or
implements) a computation {using a computer program, a computer chip or
some other comparable device) as a mathematical function, F: {v~,..., v~} ~
R, where k is an integer greater than or equal to 1; v, is either an
element of the 25 finite set of distinct values of an attribute, or v, is
the default element *; 1 <= i <= k; R is the set of real numbers. Although
it is straightforward for someone skilled in the art to create a query that
can be used by a non-technical user, such as a security guard, such
querying applications have a serious limitation, namely, they 30 are
limited by the user's imagination. For instance, if the security guard does
not think about asking a specific question, the answer, no matter how
interesting it may be, will lie hidden in the data. Furthermore, there is
an argument to be made that the truly useful information in the data will
lie only in such hidden patterns. After all, users would have already
addressed 35 situations that they were aware of. That is, if the security
guard felt that a particular point of entry was vulnerable to a burglar,
the security guard would have already taken preventive measures to counter
such weakness. Consequently, the security logs would reflect the counter
measures and querying the security log about the number of break-ins at
that point of 40 entry would likely return an answer of zero. Instead, it
would be desirable   11 JUN 2003 WO 00I22493 PCT/US99/24029 6 to analyze
the security logs to identify vulnerable points of entry that are unknown
to the security guard. Computer programs for such analysis do exist but
historically the computer software industry has focused on the needs of the
trained analyst 5 with regard to finding such hidden patterns in data.
There are numerous computer programs for this kind of user, who is skilled
in the arts of computer programming and statistical analysis. Statistical
packages allow such skilled user to produce a parametric model, e..g., a
regression model, to predict when a theft might occur. Alternatively, such
a skilled user can 10 use a data mining program, e.g., a neural network, to
produce a nonparametric model to predict when a theft might occur. It is
appreciated that such computer programs are beyond the reach of most users.
Of late, there have been efforts to simplify these programs for the
business analyst, who is usually someone with an MBA. While 15 such users
are not trained analysts, they have undergone a sophisticated schooling.
While they may not know how to write a computer program for factor
analysis, a program for analysis of influences, or a program that is a test
for statistical significance, their schooling prepares them for how and
when such programs, analyses and tests should be used. In other 20 words,
they are trained in the process of data analysis even if they are not
prepared to write computer programs for data analysis. But the average
person does not possess an MBA. Such a person is truly a non-technical user
with neither programming nor data analysis background. To the best of our
knowledge, existing data mining programs 2~ are not suitable for use by
such non-technical users barring the exception of programs such as IBM
Advanced ScoutTM program that is used by coaches of the National Basketball
Association (NBATM). The NBATM coach does indeed fit the description of an
average user. The principles that underlie the development of Advanced
ScoutTM suggest an approach 30 to the development of data mining programs
for non-technical users, specifically, the approach of using so-called
general questions. Unlike the specific questions that were exemplified in
the security log querying application, general questions do not require the
user to specify a11 the circumstances of interest. Instead, it is the
computer program that finds 35 the circumstances of interest. For example,
a general question may read "Under what conditions does Team 1 outscore
Team 2"? Those conditions, which would include which player is playing what
position on the court, which player is guarding whom, and so on, are left
unspecified by the user. The computer program will find the conditions that
are 40 meaningful and call them to the attention of the user.   
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approach is that the developer of the data mining application must
anticipate the general questions that the user is interested in, express
and answer those questions in terms the user will understand, and finally,
code that knowledge into the data mining application. This is only possible
if the developer invests a lot of time in understanding a particular
application of the data mining program. Consequently, this approach is
costly and time consuming, as becomes evident if it is applied to the
security log querying application discussed herein. 10 To add a capability
of finding hidden patterns in the data to the hypothetical security log
application, the programmer must understand what general questions are
meaningful for the security guard and then develop a separate computer
program to answer those meaningful questions. Perhaps even more
troublesome, the user has to learn about 15 two interfaces, one for the
querying application and another for the data mining program. It would be
desirable to avoid these extra steps. It is therefore not surprising that
computer software theorists and developers have lately begun to experiment
with integrating querying applications and data mining programs. To the
best of our knowledge, 20 such integration has followed three approaches.
The first approach permits the users to link a querying application to a
data mining application. A user asks questions in a querying application,
and uses the knowledge of the answers to generate a subset o f the data.
The data mining program operates only on that subset of the 25 data.
Alternatively, a user reviews the results of a data mining program and
generates a query based on the knowledge of that review. The user then
employs the querying application to issue the query on the data. In the
literature, those skilled in the art will appreciate that this type of
linking is known as bundling of querying applications with data mining 30
applications. The second approach pre-computes data structures that are
useful for certain querying applications and data mining applications. The
common data structures provide a link between the querying application and
the data mining application. Those skilled in the act will appreciate 3~
that this type of linking is known as On-line Analytical Mining (OLAM). In
the third approach, a user utilizes a querying application to ask questions
about the result of a data mining program. Since the results of
computations used in data mining programs are often numeric in nature and
every result often refers to a specific selection of attributes, a querying
w0 00/22493 8 ' ~ ~ J U N 2003 PCT/US99/24029 application can be designed
that allows a user to ask questions about those results. The difference
between such a querying application for analysts and a typical querying
application for non-technical users is that the former employs
mathematically sophisticated computations, 5 e.g., determining correlation
between attributes, finding factors that influence an attribute, etc. The
above three approaches do not eliminate the extra step of having to learn
about a new computer program, which is fundamentally distinct from the
querying application, to find hidden patterns in the data. 10 Nor do they
address the intrinsic complexity of data mining programs. Bundling a data
mining program with a querying application simply packages two different
programs together. Therefore, it does nothing to simplify the complex
computations of the data mining program. Also, the user still must learn
two interfaces) one for the querying 15 application and one for the data
mining program. In fact, the user may have to learn a third interface as
well, which lima the data mining program to the querying application.
Similarly, pre-computing and reusing data structures to support data mining
computations which compute factors, influences or 20 correlation does not
simplify the mathematical primitives for the nontechnical user. The
non-technical user will still be expected to understand these statistical
concepts. Finally, designing a point-and-click interface to allow the user
to ask questions about the results of data mining programs also does not 25
simplify the mathematical primitives. The point-and-click applications
simplify traditional querying applications such as the security-log
querying application because the non-technical user does not have to write
programming code to ask questions and the questions generally pertain to
simple mathematical primitives such as sums, averages and percentages, 30
that are simple and easy to relate to physical events that the
non-technical user understands, e.g., number-of incidents. If the
mathematical primitives were complicated, such as correlation or
influences, the pointand-click interfaces do not provide a mechanism to
simplify that intrinsic complexity for the non-technical user. 35
Consequently, data mining programs even with point-and-click querying
interfaces remain far too complex for non-technical users. It is not clear
that such an interface is even desirable for analysts or sophisticated
business users. Such an approach does not guarantee that the user will
become aware of a11 data mining results, since in a querying   WO 00/22493 
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of interest. This would defeat the whole purpose of having a data mining
program to find hidden patterns in the data. Hence, it is more desirable to
have a point-and-click interface to a data mining program that steps the
user through all results as opposed to a querying application where the
user makes the decision on what should be reviewed. The above discussion
will now be illustrated in the context of the security log querying
application. The security log querying application must now find hidden
patterns in the data as well as answer the security 10 guard's questions.
The above approaches suggest that the security log querying application
must now support new, mathematically sophisticated queries too. An example
is a query to find the circumstances that correlated with large numbers of
thefts or to determine the statistically significant 15 factors in
predicting a likelihood of theft. In keeping with the number-of incident
query format (computation = number-of incidents, shift-occurred = night,
year = 1998, location-of incident = corporate-headquarters) a new
correlation query is defined as (computation = correlation, shift-occurred
= night, year = 1998). The output of the correlation query is a real number
20 between 0 and 1 indicating the correlation between the incidents that
occurred in 1998 and the incidents that occurred at night. But this
approach has two drawbacks. First, the correlation query is quite distinct
from the original queries, since the correlation query involves a much more
complex 25 computation. In other words, the programmer has to implement a
completely different computer program to support the new correlation
computation, because such a complex computation is generally not provided
(packaged} with traditional databases. Further, the user has to understand
the interface to this new computer program. 30 Second, correlation is an
abstract mathematical concept (as are the prediction of likelihood and
determination of statistical significance). Unlike the simpler number-of
incidents computations, the security guard is no longer dealing with
familiar concepts that he or she can immediately relate to physical events.
In other words) the mathematical primitive used 3 5 in this computation,
namely, correlation, is not easy to explain to a nontechnical user. It
would be far more desirable if the security guard had to interpret only the
simpler computations, which the security guard uses on a daily basis.   11
J U N 2003 CVO 00/22493 PCT/U599/24029 10 OBJECTS OF THE INVENTION
Therefore, it is an object of the present invention to provide a data
mining technique that can be incorporated easily into the traditional
querying applications represented by Fig. 1. It is another object of this
invention to provide data mining programs that arc simple to use even for
non-technical users and that make it easy for the database querying
application developers to add data mining capabilities to their offerings.
It is a further object of this invention to provide a technique of 10
developing querying applications for analysts to review the results of data
mining programs in a way that lets the user decide what should be reviewed
but still alerts the user to important results that may be overlooked.
SUMMARY OF THE INVENTION 15 In accordance with the present invention, a
method and apparatus are provided to find the greatest-valued and/or
least-valued results that are related to the queries issued by a user of a
class of querying applications. Such a querying application includes means
for the user to issue a query, namely, to select a computation, to specify
the values of attributes that are 20 input to that computation and to
receive the numeric result of that computation fur that input. Such a model
fits the mould of easy-to-use, point-and-click querying applications that
use computations such as counts, sums, averages, percentages, etc., to map
the user's input into a number. 25 In the invention, the greatest-valued
and/or least-valued results corresponding to inputs that overlap with the
user's input are also computed and made available to the user in the form
of alerts, along with the numeric result for the user query. Further, the
user is alerted to whether the inputs corresponding to these
greatest-valued and/or least 30 valued results overlap with still other
inputs that yield even greater and/or lesser results respectively. The user
is given the means to learn about those other inputs, should they exist.
The user is also provided with the means to identify other greatest-valued
and/or least-valued results whose corresponding inputs did not overlap with
any input that was provided by 35 the user or that was presented to the
user in the form of an alert during the querying session, and which are
greater than and/or lesser than (respectively) the results of a11 other
inputs that overlap with said corresponding inputs.   w0 00l22493 11 11 JUN
2003 PCT/US99/24029 By focusing on such maximally-valued results, the
invention increases the likelihood that these results will be of interest
to the user. After a11, these results are more extreme than the result of
the user's original query. By relating the maximally-valued results to the
user's queries by making sure that there are common elements in the user's
query and the queries that yield the maximally-valued results, the
invention increases the likelihood that the results will be of relevance to
the user and that the user will understand the results. 



We note that the invention is not limited to applications for the 10
non-technical user. It also applies to more complicated computations that
map attribute-values to numbers, such as measures of correlation, influence
of factors and statistical significance. Our invention suggests a new way
to develop a querying application for analysts to review the results of
data mining programs in a way that lets the user decide what 15 should be
reviewed but still manages to alert the user to important results that may
be in danger of being overlooked. Various other objects) advantages and
features of this invention will become readily apparent from the ensuing
detailed description and the appended claim. 20 BRIEF DESCRIPTION OF THE
DRAWINGS The following detailed description, given by way of example, and
not intended to limit the present invention solely thereto, will best be
understood in conjunction with the accompanying drawings in which: Fig. 1
is a block diagram of the logical functioning of a typical 25 querying
application, in accordance with the prior art; Fig. 2 is a block diagram of
a querying application utilizing an alert generator in accordance with the
present invention; Fig. 3 is a flowchart describing the functioning of the
alert generator in the querying application depicted in Fig. 2; 30 Fig. 4
is a flowchart describing the method by which the Alert Generator generates
MAXINT alerts; Fig. S is a flowchart describing the method by which the
alert generator generates MIIVINT alerts; Fig. 6 is a flowchart that
describes the method by which the alert 35 generator generates LOQMAX
alerts; Fig. 7 is a flowchart that describes the method by which the alert
WO 00/22493 12 generator generates LOQMIN alerts; ~~ '~ JUN 2003
PCT/US99/24029 Fig. 8 is a flowchart describing the method by which the
alert generator generates MAXTRACE alerts; Fig. 9 is a flowchart describing
the method by which the alert 5 generator generates MINTRACE alerts; Fig.
10 describes a specific implementation of the alert generator, in which
alert results are pre-computed; Fig. 11 describes a specific implementation
showing how the user could be alerted to unseen MAXINT and MININT strings
at the end of a 10 session; Fig. 12 displays the flowchart for generating
MAXINT, LOQMAX and MAXTRACE alerts using the optimized operation of the
alert generator; Fig. 13 displays the flowchart for generating MININT,
LOQMIN 15 and MINTRACE alerts using the optimized operation of the alert
generator; Fig. 14 describes a specific implementation of the output
module, namely, a graphical user interface for displaying the alerts; Fig.
15 describes a specific implementation of the input module, 20 for use in a
soccer data querying application utilizing an alert generator and a
computation module, in accordance with the present invention; Fig. 16
describes a specific implementation of the output module, for use in a
soccer data querying application utilizing an alert generator and a
computation module, in accordance with the present invention; Fig. 17
describes a specific implementation of the input module, for use in a
tennis data querying application utilizing an alert generator and a
computation module, in accordance with the present invention; Fig. 18
describes a specific implementation of the output module, for use in a
tennis data querying application utilizing an alert generator 30 and a
computation module, in accordance with the present invention; and Fig. 19
describes a specific implementation of a querying application utilizing an
alert generator in accordance with the present invention, functioning
within a mufti-user environment.  
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EMBODIMENTS The present invention enables the user to find hidden patterns
in the data using only the simple computations (such as counts, sums, S
percentages, averages, etc.) supported by the computation module l02 of
Fig. 1. It is not necessary to use mathematically-sophisticated
computations involving correlation, factor's, influences, etc. to find
hidden patterns in the data. Consequently, the non-technical user can also
utilize the advanced functionality found in the sophisticated querying
application 10 since he or she is never exposed to computations that they
are not already familiar with. The following is an illustration of how the
present invention adds the capability of finding hidden patterns in the
data to the security log querying application in a manner that does not
overwhelm the non 15 technical user (i.e., the security guard). It is
appreciated that the securitylog example is used only for the purpose of
illustration and the present invention has a wide range of applicability.
The security guard dealing with only the simple computations, (e.g.,
number-of incidents, change-in-number), and average-time-elapsed 20 is able
to find hidden patterns using the present invention. For example, the
security guard issues the number-of incident query (computation = number-of
incidents, shift-occurred = night, year = 1998, location-of incident =
corporate-headquarters) and the security log querying application outputs a
result of 10. In addition to displaying this 25 result, the querying
application of the present invention alerts the security guard to the fact
that the result of a modified query {computation = number-of incidents,
shift-occurred = night, year = 1998, location-of incident =
corporate-headquarters, type-of incident = theft) is also 10. The querying
application of the present invention alerts the 30 security guard to the
fact that this modified query is identical to his original query except for
the extra condition type-of incident = theft, thereby informing the
security guard that alt of the ten incidents involved theft. This is a
hidden pattern, in that the security guard was not concerned with the type
of incident when he issued the query. However, 35 the result of the
modified query is clearly relevant to any conclusions that the security
guard may reach regarding the ten incidents. In fact, not knowing that
these incidents involved theft may mislead the security guard, since the
ten thefts at corporate-headquarters may pose a serious problem while other
types of incidents may not be as serious.   WO 00/22493 14 '19 JUN 2003
PCT/US99/24029 The above examples also demonstrate why the present
invention simplifies the data analysis and motivates a user to make use of
such data analysis. The querying application of the present invention
presents the mathematically-sophisticated concept of correlation (e.g.,
thefts are clearly 5 correlated with the conditions in the user's query,
such as, night, 1998, corporate-headquarters, but the user does not need to
formally understand the mathematical concept of correlation to appreciate
the significance of the result. This is because the querying application of
the present invention advantageously presents (or expresses) the
correlation in terms 10 of the physical events that the user (i.e., the
security guard) is familiar with, i.e., all of the specific events were
thefts. Thus, the present technique of juxtaposing the result of the user's
query with the answer to a related query (as defined by the present
invention) makes it possible to convey the sophisticated mathematical
concepts in terms of physical 15 events that the user understands. The
present technique also provides a more accurate data analysis, thereby
encouraging more users to utilize data analysis. In the above security log
example, the security guard reaches an erroneous conclusion if he or she is
not alerted to the fact that all the events pertaining to his or 20 her
query were thefts. Hence, the present invention advantageously minimizes
the probability that the user makes an erroneous decision. Therefore, the
user will be motivated to review the results of a related query that may
potentially uncover hidden patterns in the data along with the result of
his or her query. 25 The present invention provides a rule or mechanism to
find such hidden patterns automatically by computing the attribute-value
strings that overlap with the user's query completely, i.e., they are
longer than and contain the attribute-value string of the user's query.
Along with the result of the user's query, the present invention informs
the user of the attribute 30 value string that has the greatest-valued
result (i.e., the most interesting or informative result) for the number-of
incidents computation. This rule allows the present invention to add
conditions to the user's query that enables the user to interpret the data
in a more informative manner than just based on the user's original query.
35 The following is an illustration of how a similar rule for the
change-in-number computation leads to the identification of other hidden
patterns in the data. Assume that the user's query now is (computation =
change-in-number, shift-occurred = night, year = 1998, location-of incident
= corporate-headquarters) and the result of this change-in-number 40 query
is -10 (20 such incidents in 1997 but only 10 in 1998). Along with 



WO 00I22493 15 11 J U N 2003 PCTlUS99/24029 the result, the querying
application of the present invention alerts the security guard to two
additional facts (i.e., results of the modified queries). The results of
the modified queries (computation = change-in-number, shift-occurred =
night, year = 1998) is 20 and (computation = change-in 5 number,
shift-occurred = night, year = l998, location-of incident =
corporate-headquarters, quarter = first) is -15. Although the number of
incidents that occurred at night decreased by 10 at the corporate
headquarters, the result of the modified queries indicate that most of the
decrease occurred in the first quarter of 1998. In fact, the number 10
incidents increase by 20 in 1998 across all locations. Again, these hidden
patterns in the data are relevant to any conclusion that the security guard
may reach about the decrease in the number of incidents at the corporate
headquarters in 1998. If the security guard relies solely on the result of
his original query, the security guard 15 will receive an incomplete
picture of the data. The security guard may incorrectly assume that the
number of incidents is on the decline even though the number of incidents
actually increased over a11 locations in 1998. For the change-in-number
query illustrated above, the present 20 invention provides a rule or
mechanism to find such hidden patterns automatically by computing the
attribute-value strings that overlap with the user's query completely to
find the greatest-valued result and the attribute-value strings that are
overlapped completely by the user's query to find the least-valued result.
Along with the result of user's query, the 25 present invention informs the
user to the existence of two attribute-value strings that have elements in
common with the user's query and that have the greatest-valued and
least-valued results for the change-in-number computation. It is
appreciated that the greatest-valued and least-valued results provide the
most interesting information in the data that is also 30 pertinent to the
user's query. In general, the present invention builds further on the above
idea of identifying the greatest-valued and least-valued queries that
overlap with the user's query in three ways. In the first extension, the
present invention presents the user with 35 a11 queries that overlap with
the user query and have greatest-valued and/or least-valued results
(hereinafter referred to as overlapping queries). For example, using the
security log application described herein, the security guard issues the
query Q1 = (computation = average-timeelapsed, shift-occurred = night,
year=1998). The result of the query Q1 is 40 4.25 hours (the average time
for discovering incidents that occurred at   WO 00/22493 lb ~11 JUN 200
PCT/US99/24029 night in 1998). In addition, the result of the query Q2 =
(computation = average-time-elapsed, shift-occurred = night), which
overlaps the query Q1, is 5 hours and no other query overlaps with the
user's query Q1 having a result greater than 5 hours. The result of the
query Q3 = 5 (computation = average-time-elapsed, shift-occurred = night,
quarter = second), which overlaps with the query Q2, is 5.5 hours. The
result of the query Q4 = (computation = average-time-elapsed, quarter =
second), which overlaps Q3 is 6 hours; and no other query overlaps with the
query Q4 having a result greater than 6 hours. 10 Along with the result of
the user's query, the present invention alerts the user (i.e., security
guard) to the existence of query Q2, which has the greatest-valued result
of all queries that overlap the user's query. Also, the present invention
provides the security guard with the means to trace all overlapping queries
to find a maximally-valued query Q4. The 15 maximally-valued query has the
greatest-valued result of all overlapping queries. The present invention
also provides the means to trace all overlapping queries to find a
minimally-valued query. The minimallyvalued query has the least-valued
result of a11 overlapping queries In the second extension, the present
invention alerts the user to 20 other queries that have the following two
properties: the alerted queries are not related to the user's query (i.e.,
the alerted queries do not overlap with the user's query and cannot be
traced from the user's query as described above) and the alerted queries
have the greatest-valued (or leastvalued) result of all queries that
overlap with them. In other words, the 25 present invention alerts the user
to other maximally-valued (or minimallyvalued) queries. In the third
extension, if the user's query specifies more than one computation, for
each computation, the present invention alerts the user to the queries
having the greatest-valued and/or least-valued results. It is 30
appreciated that only one of the specified computations may actually yield
queries having the greatest-valued and least-valued results. For instance,
in our examples above, if the security guard issues the query (computation
= number-of incidents, computation = change-in-number, shift-occurred =
night, year =1998, location-of incident = corporate-headquarters), the 



3~ present invention alerts the security guard to the query (computation =
number-of incidents, shift-occurred = night, year=1998, location-of
incident = corporate-headquarters, type-of incident = theft) and the query
(computation = change-in-number, shift-occurred = night, year=1998,
location-of incident = corporate-headquarters, type-of incident = theft),
40 even though only the number-of incident query yields the greatest value
VV0 00/22493 17 that overlaps with the security guard's query. 11 ~l U N
2003 PCT/IJS99/24029 Those skilled in the art will recognize that there are
obvious variations to the above extensions, For example, the querying
application adds a computation to the computations in the user query and
presents the 5 results of that added computation in addition to the
computations selected by the user. It is appreciated that the user (e.g,,
the security guard) is never exposed explicitly to abstract mathematical
relationships in the data. Instead, the present invention alerts the user
to queries having results that 10 axe greater than (or less than) the
user's queries. The alerts ensure the user gains information about these
abstract relationships implicitly when he compares the attribute-value
strings of his queries to the attribute-value strings of the alerted
queries to find results that are greater than or less than the results of
his original query. The present invention alerts the user 1 ~ to the
maximally-valued (or minimally-valued) results providing more insightful
information about the data without subjecting the user to abstract, complex
mathematical primitives. The user still deals with the computations that he
or she can associate a physical event with, e.g., number-of incidents, etc.
Therefore, the interface for the querying 20 application of the present
invention is no more complex than the interface for the traditional
querying application. As shown herein, the querying application of the
present invention is effective in finding and alerting the user to
meaningful hidden patterns in the data for three different types of
computations. The querying 25 application of the present invention can be
used with any computation that maps an attribute-value string to a number.
The present invention is generally applicable to all querying applications
defined by the logical functioning of Fig. 1. Turning now to Fig. 2, there
is illustrated a block diagram of a 30 querying application which
incorporates the present invention. Essentially, the system of Fig. 2 adds
an alert generator 201 to the querying application of Fig. 1. For
simplicity, elements shown in Fig. 2 corresponding to those shown in Fig. 1
are denoted by the same reference numerals. The Alert Generator alerts the
user to greatest-valued and/or least-valued results that 35 overlap with
the user's queries (i.e., the first extension described herein), or that
lie completely outside the user's line of questioning (i.e., the second
extension described herein). The input module 101 provides the alert
generator 201 and the computation module 102 with a query l04 consisting of
the user's inputs   WO 00I22493 18 11 JUN 2003 PCT/US99/24029 (e.g.,
attribute-valued string S and the set of computations C to be performed}.
Since the possible values for every attribute is known a priof~i, all valid
attribute values can be determined and pre-stored in a valid attribute
values database 206. The stored valid attribute values are 5 made available
to the alert generator 201. Similarly, since the overlap rules for
identifying which queries overlap with the attribute-value string in the
user's query and tiebreak rules for resolving ties between queries that
have the greatest-valued or least-valued results are known a priori, the
overlap and tiebreak rules can be pre-stored in an overlap rules database
10 204 and a tiebreak rules database 205, respectively. The alert generator
201 generates alerts (e.g., alert notifications 202 and alert data 203) in
response to the user's query 104 based on the valid attribute values in the
valid attribute values database 206, computations in the computation module
102, the overlap rules in the overlap rules database 204, and the 15
tiebreak rules in the tiebreak rules database 205. The alert data 203
contains information about the alerts generated and presented to the user
in response to the user's query 104. The alert generator 20l provides alert
notifications 202 and alert data 203, and the computation module 102
provides the computation results 106 to the output module 103. 20
Preferably, the computation module 102 and the alert generator 20l can
synchronize their output using a communication path 207. Those skilled in
the art will recognize several variations to the system depicted in Fig. 2.
For example, the direct communication path between the input module 101 and
the computation module 102, namely, 25 the query 104, can be eliminated.
Instead, a11 communication between input module 101 and the computation
module 102 can be routed through the alert generator 201, since the alert
generator 201 has direct communication paths with the input module 101 and
the computation module 102. Also, different communication paths between the



30 computation module 102 and the alert generator 201 can be used for
synchronizing output and executing computations. In Fig. 2, the same
communication path 207 can be used for synchronizing output and invoking
the execution of computations. The operation of the querying application of
the present invention 35 as shown in Fig. 2 is described in conjunction
with the flow chart of Fig. 3. The input module 101 provides the alert
generator 201 with the query 104, consisting of an attribute-valued string
S, and a set C containing M computations, ~C~, Cz ... CMS at step 301. The
alert generator 201 determines if the string S is a valid input using the
valid attribute values 40 stored in the valid attribute values database 20G
at step 302. The value of   WO 00l22493 is '11 J U N 2003 PCT/US99/24029
each attribute in the string S is verified against the valid attribute
values. If the value of any attribute in the string S is deternZined to be
invaiid, (i.e., the particular value is not found among the valid attribute
values), the string S is declared to be invalid and all alert notifications
are set to FALSE for a11 computations in the set C at step 304. However, if
the values for all attributes in the string S are determined to be valid,
the string S is declared to be a valid attribute-valued string and alerts
are generated for the query 104 at step 303. Overlap Rule 10 An overlap
rule O is a function that has two attribute-valued strings R and S as
inputs, and produces a Boolean result (true or false). If the overlap rule
returns a tnie result, then string R is said to "overlap" string S. In an
embodiment of the present invention, the alert generator 201 (Fig. 2)
applies three types of overlap rules: substring, superstring and 1 S
commonality rules. In all three rules, a comparison is true only if the
values of attributes being compared are not the "*" value. The substring
rule, O(R, S), returns a true result if and only if ("iff ') every
attribute in string R also occurs (or exists) in string S, and has the same
value. String R is a substring of string S if the substring rule 20 returns
a true result. It is appreciated that the substring rule will always return
a true result for O(R, R). The superstring rule, O(R, S), returns a true
result if and only if every attribute in string S also occurs (or exists)
in string R, and has the same value. String R is a superstring of string S
if the superstring rule 25 returns a true result. It is appreciated that
the superstring will always return a true result for O(R, R). The
commonality rule, 0(R, S), returns a true result if and only if strings R
arid S satisfy the following constraints: i) there is at least one
attribute A having the same value in both strings R and S; ii) there is at
30 least one attribute B in string R, but not necessarily in string S and
the value of the attribute B differs in strings R and S; and iii) there is
at least one attribute C in string S, but not necessarily in string R and
the value of the attribute C differs in strings R and S. Strings R and S
have certain values in common if the commonality rule returns a true
result. It is 35 appreciated that the commonality rule will always return a
false result for O(R, R). An attribute-valued string R overlaps another
attribute-valued string S if and only if at least one overlap rule returns
a true result. It is appreciated that the overlap rules are not limited to
the three specified   11 JUN 2003 'O 00/22493 PCT/US99/24029 20 herein and
other overlap rules may be utilized by the alert generator 201. For
example, instead of determining if one or more values of attributes are
common to two strings, the overlap rules can determine if one or morc
attributes are common to two strings. 5 Tiebreak Rule A tiebreak rule
selects one or neither of two attribute-valued strings R and S, which
produce the same result for a computation C (i.e., C(R) = C(S)). A Tiebreak
Rule can be expressed as a function T(R, S) _ P, where P = R if the
tiebreak rule selects R over S, P = S if the tiebreak 10 rule selects S
over R, and P = null or any special value different from any valid
attribute-valued Stnllg if the tiebreak rule is unable to decide between R
and S. In an embodiment of the present invention, the alert generator 20I
(Fig. 2) applies two types of tiebreak rules: longest string and shortest
15 string rules. The longest string rule selects the string with the
largest number of attributes selected by the user. The length of an
attributevalued string S, denoted as L(S), is defined as the number of
attributes in S which have valid values other than "*". In other words, the
alert generator 201 (Fig. 2} selects string R (or T(R, S) = R) if L(R) >
L(S), string S (or 



20 T(R, S) = S) if L(R) < L(S), and neither string (or T(R, S) = null) if
L(R) = L(S). The shortest string rule selects the string with the smallest
number of attributes selected by the user. In other words, the alert
generator 201 (Fig. 2) selects string R if L(R) < L(S), string S if L(R) >
L(S), and neither 25 string if L(R) = L(S). It is appreciated that the
tiebreak rules are not limited to the hvo specified herein and other
tiebreak rules may be utilized by the alert generator 201 (Fig. 2). Alerts
In an embodiment of the present invention, the alert generator 201 30 (Fig.
2) generates six types of alerts: LOQMAX, LOQMIN, MAXINT, MININT, MAXTRACE
and MINTRACE alerts. Each of the alerts will be described in detail herein.
A query Q consisting of an attribute-valued string S, and a set C
containing M computations, {C~, CZ ... CM} is provided as input to the
alert generator 201. Based on the input query Q, 35 the alert generator 201
generates the LOQMAX, LOQMIN, MAXINT) MINII~TT, MAXTRACE, and MINTRACE
alerts when strings are found satisfying the LOQMAX, LOQMIN, MAXINT,
MININT, MAXTRACE, and MINTRACE conditions, respectively. Preferably, the
alert generator 20l generates the alerts in the following order for the
query Q: MAXINT,   11 J U N 2003 WO 00I22493 PCT/US99/24029 21 MININT,
LOQMAX, LOQMIN, MAXTRACE, and MINTRACE alerts. Each alert notification 202
(Fig. 2) contains a field for identifying (or describing) the computation
associated with the notification. The alert notification also includes six
other fields, one for each type of alert. Each of the alert fields can be
set to true or false, indicating whether the corresponding alert is being
generated, respectively, for the particular computation. The alert data 203
(Fig. 2) contains a field specifying the type of alert data (i.e., MAXINT
Alert Data, MININT Alert Data, LOQMAX 10 Alert Data, LOQMIN Alert Data,
MAXTRACE Alert Data or MINTRACE Alert Data), another field that contains
the actual Alert Data itself and preferably, a third field containing alert
data error information. The content of the third field depends on the alert
type (i.e., the content of the first field): the third field contains
"MAXINT Alert Data Error! 15 Reference source not found" for the MAXINT
alert, "MININT Alert Data Error! Reference source not found" for the
MII~'INT alert and so on. Those skilled in the art will recognize that it
is possible to represent the above alert information differently by using a
different logical partitioning. 20 LOOMAX Condition The LOQMAX condition is
used to find (or unearth) an attributevalued string having the
greatest-valued result that overlaps with the string in the user's query.
The term "string" and "attribute-valued string" are 25 used interchangeably
herein. A string S,LOQMnx satisfies the LOQMAX (S, C,) condition if and
only if the following constraints are satisfied (for some pre-specified
overlap and tiebreak rules): S,~oQMAx overlaps S and C,(S,LOQMAx) >= C~(P)
for all strings P overlapping S. It is appreciated that the LOQMAX
condition can be mathematically characterized as the local 30 maximum
condition, i.e., finding a local maximum string. The manner in which the
alert generator 201 generates LOQMAh alerts is described in conjunction
with the flow chart of Fig. 6. The input module 101 provides the alert
generator 201 with the query 104, consisting of an attribute-valued string
S, and a set C containing M 35 computations, {C~, CZ ... CM} at step 601.
For each computation C, in C (1 <= i <= M), the alert generator attempts to
find a string S,~oQMaa that satisfies the LOQMAX condition for the string S
and the computation C, , utilizing the overlap rules and the tiebreak rules
stored in the overlap rules database 204 and the tiebreak rules database
205, respectively, at step   WO 00I22493 22 11 J U N 2003 PCT/US99/24029
602. If the alert generator 201 finds the S,LOQMAx for the computation C"
the LOQMAX alert notification for C, is set to "true" at step 603 and the
string S,~oQMAa is output as the LOQMAx alert data for computation C, at
step 604. However, if the alert generator 201 does not find the string
SiLOQMAX for the computation C" the LOQMAX alert notification for C, is set
to "false" at step G05. The steps 602-60S are repeated for each computation
C, in C ( 1 <= i <= M). The variable "i" is incremented by one at step 606
until a11 of the computations in C have been dealt with (i.e., i > M) at
step 607. 10 The LOQMAX alert data itself consists of three sub-fields of
data for each computation C;. The first field contains the description of
the computation C,, the second field contains the attribute-valued string
SiLOQhtAX that satisfies the LOQMAX condition for the input query 104, and
the third field contains the computation result C,(S,LOQ~tAx). 15 LOQMIN
Condition The LOQMIN condition is used to find {or unearth) an
attributevalued string having the least-valued result that overlaps with
the string in the user's query. A string S,LOQ~,N satisfies the LOQMIN (S,
C,) 20 condition if and only if the following constraints are satisfied
(for some pre-specified overlap and tiebreak rules); S,LOQMiN overlaps S
and C,{S,LOQM1N) ~= C,(P) for a11 strings P overlapping S. It is
appreciated that the LOQMIN condition can be mathematically characterized
as the local minimum condition, i.e., finding a local minimum string. 25
The manner in which the alert generator 201 of Fig. 2 generates LOQMIN
alerts is described in conjunction with the flow chart of Fig. 7. The input
module 101 provides the alert generator 201 with the query 104, consisting
of an attribute-valued string S, and a set C containing M computations,
{C~, Cz ... Cra} at step 701. For each computation C; in C 



30 (1 <= i <= M), the alert generator attempts to find a string S,LOQh~iN
that satisfies the LOQM1N condition for the string S and the computation C,
, utilizing the overlap rules and the tiebreak rules stored in the overlap
rules database 204 and the tiebreak rules database 205, respectively, at
step 702. If the alert generator 201 finds the S,LOQM1N for the computation
C;, the 35 LOQMIN alert notification for C, is set to "true" at step 703
and the string S,~oQM~N is output as the LOQMIN alert data for computation
C; at step 704. However, if the alert generator 201 does not find the
string S,LOQM~N for the computation C,, the LOQMIN alert notification for
C; is set to "false" at step 705. The steps 702-705 are repeated for each
computation   11 J U N 2003 WO 00/22493 PCT/US99/24029 23 C, in C ( 1 <= i
<= M). The variable "i" is incremented by one at step 70G until all of the
computations in C have been dealt with (i.e., i > M) at step 707. The
LOQMIN alert data itself consists of three sub-fields of data 5 for each
computation C;. The first field contains the description of the computation
C" the second field contains the attribute-valued string S~LOQMIN that
satisfies the LOQMIN condition for the input query 104, and the third field
contains the computation result C,(S,c.oQMiN). 10 MAXINT Condition The
MAXINT condition is used to locate a string q having greatest-valued result
rmax that overlaps with the string in the user's query, and there is no
query with a string having a result greater than rma~ that overlaps the
string q. A string S;M,~x~NT satisfies the MAXINT (S, C,) 15 condition if
and only if the following constraints are satisfied (for some pre-specified
overlap and tiebreak rules): S,,~AxiNT  S~LOQhIAX and C,(S,M~x~NT) >= C;(P)
for a11 strings P overlapping the string S,MAx~NT. Preferably, the MAXINT
condition can be generalized to the following: The string S;MAx~NT overlaps
the string S and C,(S,MAx~NT) >= C,(P) for all 20 strings P overlapping the
string S,MAxirrT. It is appreciated that the MAXINT condition can be
mathematically characterized as the global maximum condition, i.e., finding
one global maximum string. The more general MAXINT condition may find more
than one global maximum string. 25 The manner in which the alert generator
201 of Fig. 2 generates MAXINT alerts is described in conjunction with the
flow chart of Fig. 4. The input module 101 provides the alert generator 201
with the query l04, consisting of an attribute-valued string S, and a set C
containing M computations, {Cl, C2 ... CM} at step 401. For each
computation C, in C 30 ( 1 <= i <= M), the alert generator 201 attempts to
find a string S,MnxiNT that satisfies the MAXINT condition for the string S
and the computation C, , utilizing the overlap rules and the tiebreak rules
stored in the overlap rules database 204 and the tiebreak rules database
205, respectively, at step 402. If the alert generator 201 finds the string
S,MAx~NT for the 35 computation C" the MAXINT alert notification for C. is
set to "true" at step 403 and the string S,M,,xtrrT is output as the MAXINT
alert data for computation C; at step 404. However, if the alert generator
20l does not find the string S,MAXINT for the computation C;, the MAXINT
alert notification for C; is set to "false" at step 405. The steps 402-40S
are   11 J U N 2003 ~i'O 00I22493 PCT/US99/24029 24 repeated for each
computation C, in C ( 1 <= i <= M). The variable "i" is incremented by one
at step 406 until all of the computations in C have been dealt with (i.e.,
i > M) at step 407. The MAXINT alert data itself consists of three
sub-fields of data for each computation C,. The first field contains the
description of the computation C,, the second field contains the
attribute-valued string SiMAXINT that satisfies the MAXINT condition for
the input query 104, and the third field contains the computation result
C,(S,MAxINT) 10 MININT Condition The MININT condition is used to locate a
string q having leastvalued result rm,~ that overlaps with the string in
the user's query, and there is no query with a string having a result less
than rm,n that overlaps the string q. A string S;h~,NiNT satisfies the
MININT (S, C;) condition if 15 and only if the following constraints are
satisfied (for some pre-specified overlap and tiebreak rules): S,~q~NINT =
SiLOQhtIN and C,(S,M~~~N'f) <= C,(P) for all strings P overlapping the
string S,MrNwr. Preferably, the MINTh'T condition can be generalized to the
following: the string S,M,NiNT overlaps the string S and C;(S,M~NiNT) <=
C,(P) for a11 strings P overlapping the 20 string S,M,N~NT. It is
appreciated that the MININT condition can be mathematically characterized
as the global minimum condition, i.e., finding one global minimum string.
The general MININT condition may find more than one global minimum string.
The manner in which the alert generator 201 of Fig. 2 generates 25 MININT
alerts is described in conjunction with the flow chart of Fig. 5. The input
module 101 provides the alert generator 201 with the query 104, consisting
of an attribute-valued string S, and a set C containing M computations,
{C,, Cz ... CM} at step 501. For each computation C, in C (1 <= i <= M),
the alert generator 201 attempts to find a string S,M~NiN~i 30 that
satisfies the MININT condition for the string S and the computation C, ,
utilizing the overlap rules and the tiebreak rules stored in the overlap
rules database 204 and the tiebreak rules database 205, respectively, at
step 502. If the alert generator 201 finds the string S,MININT for the
computation C;, the MININT alert notification for C; is set to "true" at
step 35 503 and the string S,M,NtNT is output as the M1NINT alert data for
computation C, at step 504. However, if the alert generator 201 does not
find the string S,M;rnNT for the computation C,, the MIrtINT alert
notification for C, is set to "false" at step 505. The steps 502-505 are
repeated for each computation C, in C ( 1 <= i <= M). The variable "i" is



11 J U N 2003 WO 00/22493 PCT/US99/24029 25 incremented by one at step 506
until ali of the computations in C have been dealt with (i.e., i > M) at
step 507. The MII~TTNT alert data itself consists of three sub-fields of
data for each computation C;. The first field contains the description of
the 5 computation C,, the second field contains the attribute-valued string
SiMININT that satisfies the MININT condition for the input query 104, and
the third field contains the computation result C,(S,N~~N~NT) MAXTRACE 10
MAXTRACE (S, C,) defines an ordered set of strings To, T,, ...TN, where To
satisfies LOQMAX (S, C,), T~ satisfies LOQMAX (T~_~, C;) for 1< j<=N-1, and
TN satisfies MAXINT (TN_,, C,). Alternatively, To = S, T~ overlaps T~_i for
1< j<=N-1, and TN satisfies MAXINT (TN_,, C,). The MAXTRACE function
enables the user to trace through all overlapping 15 queries to find a
maximally-valued query. The maximally-valued query has the greatest-valued
result of all overlapping queries. The manner in which the alert generator
generates MAXTRACE alerts is described in conjunction with the flow chart
of Fig. 8. The input module 10l provides the alert generator 201 with the
query 104, 20 consisting of an attribute-valued string S, and a set C of M
computations, {C~, Cz ... CM} at step 801. For each computation C, in C (1
<= i <= M), the alert generator attempts to find a MAXTR.ACE for the string
S and the computation C, , utilizing the overlap rules and the tiebreak
rules stored in the overlap rules database 204 and the tiebreak rules
database 205, 25 respectively, at step 802. If the alert generator 201
finds the MAXTRACE for the computation C,, the MAXTRACE alert notification
for C, is set to "true" at step 803 and the MAXTRACE is output as the
MAXTR.A.CE alert data for computation C, at step 804. However, if the alert
generator 20l does not find the MAXTRACE for the computation C,, the 30
MAXTRACE alert notification for C, is set to "false" at step 805. The steps
802-805 are repeated for each computation C, in C (1 <= i <= M). The
variable "i" is incremented by one at step 806 until all of the
computations in C have been dealt with (i.e., i > M) at step 807. The
MAXTR.ACE alert data itself consists of two sub-fields of 35 data for each
computation C, and a varying number of additional data fields depending on
the number of strings T in the MAXTR.ACE. For each computation C,, the
first field contains the description of the computation C; and the second
field contains the number of strings T in the MAXTRACE. For each string T~,
the MAXTR.ACE alert data   ~ ~ ~ a N zoo3 WO 00I22493 PCT/US99/24029 26
additionally contains one data field for identifying the string T~ and a
second data field for the computation result C,(T~). MINTRACE MII~TTRACE
(S, C,) defines an ordered set of strings To, T;, ...T,;, 5 whereTo
satisfies LOQMIN (S, C,), T~ satisfies LOQM1N (T~.~, C,) for 1< j<=N=1, and
TN satisfies MININT (TN_;, C,). Alternatively, To = S, T~ overlaps T~_~ for
1< j<=N-1, and TN satisfies MININT (TN_~, C,). The MINTR.ACE function
enables the user to trace through a11 overlapping queries to find a
minimally-valued query. The minimally-valued query 10 has the least-valued
result of all overlapping queries. The manner in which the alert generator
generates MINTRACE alerts is described in conjunction with the flow chart
of Fig. 9. The input module l01 provides the alert generator 201 with the
query 104, consisting of an attribute-valued string S, and a set C of M
computations, 15 {C,, CZ ... CM} at step 901. For each computation C, in C
(1 <= i <= M), the alert generator attempts to find a MINTRACE for the
string S and the computation C; , utilizing the overlap rules and the
tiebreak rules stored in the overlap rules database 204 and the tiebreak
rules database 205, respectively, at step 902. If the alert generator 201
finds the MINTRACE 20 for the computation C;, the MINTR.ACE alert
notification for C, is set to "true" at step 903 and the MINTR.ACE is
output as the MINTRA.CE alert data for computation C; at step 904. However,
if the alert generator 201 does not find the MINTRACE for the computation
C;, the MINTRACE alert notification for C; is set to "false" at step 905.
The steps 902-905 are 25 repeated for each computation C; in C (1 <= i <=
M). The variable "i" is incremented by one at step 906 until a11 of the
computations in C have been dealt with (i.e., i ~ M) at step 907. The
MINTRACE alert data itself consists of two sub-fields of data for each
computation C; and a varying number of additional data fields 30 depending
on the number of strings T in the MINTRACE. For each computation C" the
first field contains the description of the computation C; and the second
field contains the number of strings T in the MINTRACE. For each string T~,
the MINTRA.CE alert data additionally contains one data field for
identifying the string T~ and a second data field 35 for the computation
result C,(T~).   WO 00/22493 27 Pre-computation of Results 11 J U N 2003 



PCT/US99/24029 As discussed herein, the alert generator primarily perfornzs
the tasks of searching for attribute-valued strings that satisfy one or
more of the six types of alerts, for a particular input query. In another
embodiment 5 of the present invention, the querying application can compute
and list a11 the attribute-valued strings satisfying the alert conditions
for all potential user queries in advance, i.e., offline and prior to
accepting user queries. After receiving a specific user query, the alert
generator searches for attribute-valued strings satisfying the alert
conditions for the specific user 10 query from the stored pre-computed
results, thereby improving the efficiency of the alert generator. Turning
now to Fig. 10, there is illustrated a querying application of the present
invention which pre-computes the alert conditions for all possible user
queries in advance. Essentially, the querying application of 1 ~ Fig. 10
adds a pre-computed results database 1001 to the querying application of
Fig. 2. For simplicity, elements shown in Fig. 10 corresponding to those
shown in Fig. 2 are denoted by the same reference numerals and their
descriptions are omitted. The alert generator 20I now has access to the
pre-computed results stored in the pre-computed results 20 database 1001.
When the input module l01 issues (or provides) a user query l04, the alert
generator 201 searches the pre-computed results database 100l to check if
any of the stored results satisfies any of the six alert criteria for the
user query l04. As in Fig. 2, the alert generator 201 outputs (or provides)
the alert notifications 202 and alert data 203 to the 25 output module 103.
In contrast to Fig. 2, the link 207 of Fig. I 0 is used only for
synchronizing the transmission of the output from the computation module
102 and the alert generator 201 to the output module I03. That is, the
lii~l: 207 is no longer necessary to invoke the execution of computations.
30 Alternatively, the pre-computed results database 1001 may not contain
the alert conditions for all possible user queries. That is, the
precomputed results in the pre-computed results database 1001 is
incomplete. This may occur if a data mining program or statistical analysis
package is used to obtain the pre-computed results, as such programs
generally do not 35 provide an exhaustive, time-consuming and complete list
of the alert conditions for all possible user queries. Persons skilled in
the art will recognize that there are many data mining programs and
statistical analysis packages that can be used in conjunction with the
querying application of the present invention.   WO 00I22493 11 J U N 2003
PCT/US99/24029 2s Fundamentally, there is no difference in the operation of
the alert generator 201 whether the pre-computed results are partial or
complete. The alert generator 201 searches for the attribute-valued strings
satisfying the alert conditions for a specific user query from the stored
pre-computed 5 results, thus resulting in a faster response. In the partial
pre-computed results case, since the alert generator 201 generates the
alert notifications 202 and the alert data 203 based on the incomplete
pre-computed results stored in the pre-computed results database 1001, some
of the alerts obtained with the complete pre-computed results may not be
found in the I 0 alert notifications 202 and the alert data 203.
Alternatively, the alert generator 201 may utilize both the pre-computed
results database 1001 and the computation module 102 to generate the alert
notifications 202 and the alert data 203. The alert generator 201 utilizes
the computation module l03 if the attribute-valued strings satisfying the
alert conditions 15 for a specific user query is not found in the
pre-computed results database 1001. The alert generator 201 utilizes the
knowledge of the computations in the computation module 102 by executing
these computations to discover the maximally-valued results in real-time or
executing these 20 computations in advance to discover the maximally-valued
results by searching the pre-computed results database 1001. Also, the
Alert Generator 201 uses the valid attribute values known a priori and
prestored in the valid attribute values database 206. As discussed herein,
the computation module l02 represents (or implements) a computation as a 25
mathematical function, F: {vi,..., vk} -~ R, where k is an integer greater
than l; v, is either an element of the finite set of distinct values of an
attribute or v, is the special element *; 1 <= i <= k; and R is the set of
real numbers. It is appreciated that this definition subsumes the knowledge
utilized by the alert generator 20l . Therefore, the alert generator 201 30
utilizes the knowledge of the relationships (or correspondences) between
the strings and numbers that are defined by the computations of a querying
application. Alerting the User to Unseen MAXINT and MININT Results 35 Those
skilled in the art will appreciate from the definitions of the alert
conditions that the MAXINT and MIN1NT conditions are the strongest of the
six alert conditions. That is, the MAXINT and MIN1I~1T conditions yield
results that are maximally valued for the entire data, along the user's
line of questioning. However, it is entirely possible that the user 40 does
not get to see some strings satisfying the MAXINT or MININT   11 J U N 2003
WO 00I22493 PCT/US99/24029 29 conditions because the user fails to issue a
query which may lead to the discovery of these unseen strings. Accordingly,
in a preferred embodiment of the present invention, the alert generator 201
alerts the user to the existence of these unseen strings at the end of his
or her current S session (i.e., before the user exits the querying
application). Fig. 11 illustrates the querying application of the present
invention incorporating the "end-of session" alert feature. It is
appreciated that the "end-of session" alert feature can be incorporated
into the querying applications of Figs. 2 and 10. For simplicity, elements
shown in Fig. 11 



10 corresponding to those shown in Figs. 2 and 10 are denoted by the same
reference numerals and their descriptions are omitted. The input module 10I
now, in addition to the user query 104, also provides session information 1
l01 to the alert generator 201. The session information I 101 indicates the
status of the user's interaction with the querying application 15 (or
simply, the status of the user's session). The session information 11 OI
consists of three Boolean fields (i.e., the content of the field is either
"true" or false"). The first field indicates whether a new session has
started, the second field indicates whether the current session has ended,
and the third field indicates whether the user has issued a query. It is 20
appreciated that only one of the three fields may be set to "true" for any
given time. In addition to providing the alert notifications 202 and the
alert data 203, the alert generator 201 provides an end-of session alert
notification 1102 to the output module 103. Preferably, the alert generator
25 20l also provides an end-of session alert data 1103 to the output module
103. The end-of session alert data 1103 consist of a field specifying the
number of MAXINT alerts (or NMAx) that have not been alerted to the user
and another field specifying the number of MININT alerts (or NMiN) that
have not been alerted to the user. Preferably, the end-of session alert 30
data 1103 contains additional (NhtAX + NM) fields identifying each MAXINT
and MININT alert data (or attribute-valued string) that has not been
alerted to the user. The alert generator 201 alerts the user via the output
module 103 of strings satisfying the MA~CINT or MININT criteria that have
not been alerted to the user in the current session by setting the 35
end-of session alert notification 1102 to "true". At the start of each new
session, the alert generator 201 maintains a list of MAXINT and MININT
strings provided (or alerted) to the user and a second list containing a11
MAXINT and MININT strings. It is appreciated that the list of alerted
MAXINT and MININT strings can 40 grow with each issuance of the user query.
When the input module 101   W'O 00l22493 30 11 J U N 2003 PCTlUS99/24029
notifies the alert generator 201 that the current session has ended, the
alert generator 201 compares the list of alerted MAXINT and MININT strings
with the list containing a11 MAXINT or MININT strings. If there is at least
one MAXINT or MININT string that has not been alerted to the user, 5 the
alert generator 201 sets the end-of session alert notification 1102 to
"true," and outputs an appropriate end-of session alert data 1103 to the
output module 103. Alternatively, the alert generator 20l may alert the
user of the unseen MAXINT and MII~,'INT strings during the session (i.e.,
presented with the user's query results) instead of waiting till the
session is 10 over. Alerting the User to a Ran eg of Greatest and Least
values In another embodiment of the present invention, the querying
application of the present invention can vary the number of alerts that are
generated by the alert generator 20l. For example, instead of alerting the
1 ~ user to only the strings that overlap the user's query and produce the
greatest-valued and least-valued results, the alert generator 201 can also
alert the user to the strings that produce the next greatest-valued and
leastvalued results; or the top five greatest-valued and bottom two
least-valued results that overlap the user's query. 20 Oatimizino the Alert
Generation In another embodiment of the present invention, the querying
application of the present invention can optimize the manner in which the
alert generator 201 generates the alerts to take advantage of the various
relationship between the alerts. This is illustrated below for the case
when 25 the MAXINT and MININT conditions are applied. Similar relationships
can be obtained for the case when the general MAXINT and general MININT
conditions are applied. The following relationships exist bet<veen the
alerts when the MAXINT and MININT conditions are applied; 30 i) for the
same string S and computation C, an LOQMAX alert always occurs (or exists)
along with a MAXTRACE alert, and vice versa; ii) for the same string S and
computation C, a MAXINT alert cannot occur along with the LOQMAx and
MAXTRACE alerts; iii) for the same string S and computation C, an LOQMIN
alert 35 always occurs along with a MINTRACE alert, and vice versa; and iv)
for the same string S and computation C, a MININT alert cannot occur along
with the LOQMIN and MINTRACE alerts.   ~ 1 J U N 2003 WO 00/22493
PCT/US99/24029 31 For each computation C, in C, the alert generator 201
first generates MAX alerts (e.g., LOQMAX, MAXINT and MAXTRACE) and then
generates MIN alerts (e.g., LOQMIN, MIN1NT and MINTRACE) for the string S
and the computation C,. S The manner in which the alert generator generates
the MAX alerts is described in conjunction with the flow chart of Fig. 12.
The input module 101 provides the attribute-valued string S and the
computation C, to the alert generator 20l at step 120l . The alert
generator 201 first attempts to find a string S;N~nx~NT that satisfies the
MAXINT condition for 



10 the string S and the computation C" utilizing the overlap rules and the
tiebreak rules stored in the overlap rules database 204 and the tiebreak
rules database 205, respectively, at step 1202. 1f the string S,MnxiNT ~s
found, the alert generator 201 sets the MAXINT alert notification for C, to
"true," and outputs the string S,Mnx~NT as the MAXINT alert data for 15
computation C, at step 1205. However, if the string S,Mnx;~,~T is not
found, the alert generator 201 sets the MAXINT alert notification for C, to
"false" at step 1203. The alert generator 201 then attempts to find a
string S;~oQMnx that satisfies the LOQMAX condition and the corresponding
MAXTR.ACE for the string S 20 and the computation C, at step 1204. If the
string S,LOQM.4x is found, the alert generator 201 sets the LOQMAX and
MAXTR.ACE alert notifications for C, to "true," and outputs the string
S,LOQMnx as the LOQMAX alert data and the MAXTR.ACE as the MAXTRACE alert
data at step l207. However, if the string S,~oQMAx is not found, the alert
25 generator 20l sets the LOQMAX and MAXTRACE alert notifications to
"false" at step 1206. The manner in which the alert generator 201 generates
MIN alerts is described in conjunction with the flow chart of Fig. 13. The
input module 101 provides the attribute-valued string S and the computation
C, 30 to the alert generator 201 at step 1301. The alert generator 201
first attempts to find a string S,MiNirrT that satisfies the MININT
condition for the string S and the computation C; , utilizing the overlap
rules and the tiebreak rules stored in the overlap rules database 204 and
the tiebreak rules database 205, respectively, at step l302. If the string
S,M~N,NT~ is 35 found, the alert generator 201 sets the MININT alert
notification for C, to "true," and outputs the string S,MjNiNT as the
MININT alert data for computation C; at step l305. However, if the StTlng
S,M~NINT 1S nOt found, the alert generator 201 sets the MININT alert
notification for C, to "false" at step 1303. The alert 40 generator 201
then attempts to find a string S,~,oQM~N that satisfies the   WO 00/22493
32 11 J U N 2003 PCT/US99/24029 LOQMIN condition and the corresponding
MINTRACE for the string S and the computation C, at step l304. If the
string S,~oQn-~iN is found, the alert generator 201 sets the LOQMIN and
MINTRACE alert notifications for C, to "true," and outputs the string
S,~oQMiN as the LOQMIN alert data and the MINTRACE as the MINTRACE alert
data at step 1307. However, if the string S,LOQMiN is not found, the alert
generator 20l sets the LOQMIN and MINTRACE alert notifications to "false"
at step 1306. Graphical User Interface for Output Module 10 In another
embodiment of the present invention, the input and output modules include
user interfaces for displaying the alerts, as shown in Fig. 14. It is
appreciated that the input and output modules fundamentally represent
computer storage locations. Consequently, there are many ways of
incorporating the user interfaces into the input and 1 S output modules,
and Fig. 14 depicts one such possible incorporation or implementation for
the case when the MAXINT and MININT conditions are applied. Similar
interfaces can be obtained for the case when the general MAXINT and general
MININT conditions are applied. The input module 101 (Fig. 2) displays the
attribute-valued string 20 S contained in the user query in a text box 140l
and a list of computation descriptions for the user query in a drop-down
list 1402. In the text box 1403, the output module 103 (Fig. 2) displays
the results of the computation C, selected from the drop-down list 1402 by
the user. That is, the output module 103 displays the computation result
C,(S) in the text 25 box 1403. Preferably, the output module 103 provides
the user with "clickable" buttons (i.e., a "MAX" button l404 that provides
the MAXTRACE when clicked and a "MIN" button 1405 that provides the
MINTR.ACE when clicked) and "clickable" pictorial (image) alerts 1406 30
(if enabled, indicates that the user query is a MAXINT or MININT string)
1407 (when clicked, provides the MAXINT string at the end of a MAXTRACE)
and 1408 (when clicked, provides the MININT string at the end of a
MINTRACE) to easily access the alerts generated by the alert generator 20l
. Thus, when the alert generator 201 issues a MAXINT alert 35 notification,
the output module 103 determines if the MAXINT alert data is same as the
attribute-valued string S in the user query (indicating that the user query
is the maximally (or most) interesting string in the data). If it is
determined that the MAXINT alert data is equivalent to the string S in the
user query, the output module 103 activates the pictorial alert 1406   WO
00/22493 33 11 J U N 2003 PCT/US99/24029 that indicates that a MAXINT or
MININT string has been found, disables the "MAX" button 1404 and disables
the pictorial alert 1407 that provides the MAXINT string at the end of the
MAXTRACE, indicating that the user query is the maximally-valued query. In
other words, no other query related to the user's query has a result that
is greater than the result to the user query. Consequently, there is no
need to trace to the MAXINT. However, if it is determined that the MAXI1~TT
alert data is not equivalent to the string S in the user query, the output
module l03 deactivates the pictorial alert 1406 (since the user query is
not a MAXINT 



10 string), and enables or activates the "MAX" button 1404 and the
pictorial alert 1407 (since it is possible to trace to a MAXINT string). If
the alert generator 20l does not issue any MAXINT alert notification, the
alert generator 201 de-activates the pictorial alerts 140G and 1407, and
enables the "MAX" button 1404. 1 S The output module l 03 displays the
details of the string S,LOQh~n~ satisfying the LOQMAX condition for (S, C,)
when the user clicks on the "MAX" button l404. In other words, the user can
issue a query for the string S,~.oQMnx by simply using the "MAX" button
feature. Also, the output module 103 displays the corresponding MAXTRACE
for the string 20 S. The output module 103 displays the computation result
C,(S,Mnx~NT) for the maximally valued string S,Mnx,:~T satisfying the
MAXII~TT condition for (S, C,) when the user clicks on either pictorial
alert l406 or 1407. In addition, the output module 103 presents the 2S
computation results of the maximally valued string S,MnxiNT along with the
attribute-valued string S in the user query, thereby advantageously
allowing the user to examine both strings together and, hence, to
appreciate the relevance of the maximally-valued string to his query. When
the alert generator 201 issues a MININT alert notification, 30 the output
module 103 determines if the MININT alert data is the same as the
attribute-valued string S in the user query (indicating that the user query
is the most interesting string in the data). If it is determined that
MININT alert data is equivalent to the string S in the user query, the
output module 103 activates the pictorial alert 1406, and disables the 3S
"MIN" button 140S and the pictorial alert 1408. However, if it is
determined that the MININT alert data is not equivalent to the string S in
the user query, the output module 103 de-activates the pictorial alert
1406, enables or activates the "MIN" button 140S and the pictorial alert
1408. If the alert generator 201 does not issue any MININT alert   11 J U N
2003 WO 00/22493 PCT/US99124029 34 notification, the alert generator
de-activates the pictorial alerts 1406 and 1408, and enables the "MIN"
button 1405. The output module 103 displays the details of the string
S,~oQ;~,~, satisfying the LOQMIN condition for (S, C,) when the user clicks
on the 5 "MIN" button 1405. In other words, the user can issue a query for
the string S,LOQ~1,N by simply using the "MIN" button feature. Also, the
output module 103 displays the corresponding MINTRACE for the string S. The
output module 103 displays the computation result C,(S,~liNi~~~ ) 10 for
the minimally valued string S,NtININT SatISfylng the MININT condition for
(S, C,) when the user clicks on either pictorial alert 1406 or l408. In
addition, the output module 103 presents the computation results of the
minimally valued string S,M~NiNr and the attribute-valued string S in the
user query, thereby advantageously allowing the user to examine both 15
strings together and, hence, to appreciate the relevance of the
minimallyvalued string to his query. Computations and User Interface for
different applications In another embodiment, the querying application of
the present 20 invention can be used to query and obtain information about
maximally valued strings in various kinds of data, including sports data.
The graphical user interfaces specifically incorporated in the input and
output modules to handle sports data are described herein. Also, certain
computations designed specifically to process various sports data are 25
described herein. Soccer Application The querying application of the
present invention can provide professional or amateur soccer players,
coaching persomiel, fans and the like with the means to ask questions and
obtain insightful information 30 about soccer games. Accordingly, a logical
model of the data collected for the soccer games (hereinafter referred to
as the soccer data) is generated by treating the soccer data as a
collection of touches and possessions and specifying attributes to describe
these touches and possessions. A possession is defined as the activity
occurnng on the field 3 ~ between the time that a particular team gets the
ball to the time that it loses the ball to the other team. Thus, the entire
game is divided into a set of possessions, with one of the two teams
controlling the ball during a possession. ,.   CVO 00/22493 35 11 J U N
2003 



PCT/US99/24029 The attributes and their values for the various touches may
include: "team-1-name" being the name of team 1; "team-2-name" being the
name of team 2; "location-of game" being the site of the soccer game;
"matchscore" having values such as 0-0, 0-1, 1-0, 2-0, 2-2, etc.;
"player-who-has 5 ball" being the name of the player who has the ball;
"game-period" having values such as first-half, second-half or overtime;
"team-ahead" being the name of the team that is currently leading (or
winning) in the game; "team-ahead-by" having values such as 1, 2, etc.;
"how-player-receivesball" having values such as pass, interception, steal,
free-kick, throw-in, 10 corner-kick, goal-kick, etc.; "first-touch-with"
having values such as leftfoot, right-foot, head, chest, ete.;
"location-ball-received-vertical" having values such as defensive-zone,
defensive-midfield, attacking-midfield or attacking-zone;
"location-ball-received-horizontal" having values such as right, middle or
left; "location-ball-given-up-vertical" having values such 1 S as
defensive-zone, defensive-midfield, attacking-midfield or attackingzone;
"location-ball-given-up-horizontal" having values such as right, middle or
left; "total-number-of dribbles-with-left-foot" having values such as 0, 1,
2, etc.; "total-number-of dribbles-with-right-foot" having values such as
0, 1, 2, etc.; "total-number-of defenders-tackled" having 20 values such as
0, 1, 2, etc.; "last-touch-with" having values such as leftfoot,
right-foot, head, chest, etc.; "touch-outcome" having values such as
ball-turned-over-to-opponent, ball-passed-to-teammate, goal attempted, goal
scored, etc.; "pass-intended-for" being the name of the player receiving
the pass ; "scoring-opportunity-created" having a yes or no 25 value; and
so on. The attributes and their values for possessions may include:
"team1-name" being the name of team 1; "team-2-name" being the name of team
2; "location-of game" being the site of the soccer game; "matchscore"
having values such as 0-0, 0-1, 1-0, 2-0, 2-2, etc.; "players-who 30
touched-ball-at-least-once-in-possession" being the names of the players
who touched the ball at least once in the possession; "game-period" having
values such as first-half, second-half or overtime; "goaldifference"
indicating whether the team is currently ahead, behind or tied in the game;
"team-ahead-by" having values such as 1, 2, etc.; "how-team 35
began-possession" having values such as pass, interception, steal,
freekick, throw-in, corner-kick, goal-kick, etc.;
"player-who-beganpossession" being the name of the player that began the
possession; "location-possession-began-vertical" having values such as
defensivezone, defensive-midfield, attacking-midfield or attacking-zone;
"location 40 possession-began-horizontal" having values such as right,
middle or left; "location-possession-ended-vertical" having values such as
defensive   wo oon2a93 36 11 JUN 2003 PcTms9~nao29 zone,
defensive-midfield, attacking-midfield or attacking-zone;
"locationpossession-ended-horizontal" having values such as right, middle
or left; "touches-by-team" having values such as 1-2, 3-6, or 7+.;
"dribbles-byteam" having values such as 0, 1-4, or S+ ; "passes-by-team"
having 5 values such as 0-1, 2-5, or 6+ ; "pass-back-by-team" having a yes
or no value ; "total-number-of defenders-tackled-in-possession" having
values such as 0, 1, 2, etc.; "last-touch-by" being the name of the player
that touched the ball last in the possession; "possession-outcome" having
values such as ball-turned-over-to-opponent, team-retained-possession, 10
goal attempted, goal scored, etc.; "scoring-opportunity-created" having a
yes or no value; and so on. Various computations now must be defined to
enable the computation module 102 to efficiently process the soccer data
using the soccer-specific attributes defined herein. Computations
specifically 1 ~ designed for the soccer application may include:
"number-of touches", "number-of touches-where-ball-turned-over", "number-of
touches-wherescoring-opportunity-created", "percentage-of
touches-where-ball-tumedover", "percentage-of
touches-where-scoring-opportunity-created", "number-of
touches-where-pass-completed", "number-of touches-where 20 pass-attempted",
"percentage-of touches-where-pass-completed", "number-of possessions",
"number-of possessions-where-ball-turnedover", "number-of
possessions-where-scoring-opportunities-created", "percentage-of
possessions-where-ball-turned-over", "percentage-of
possessions-where-scoring-opportunity-created", "average-yards-gained 25
in-possession (average of the difference between the yards gained on
offense and the yards given up in counter attack),
standard-soccerperformance-metrics for players and the team (e.g.,
"number-of goalsscored", "number-of fouls-committed", "number-of assists",
etc.), and the like. 30 The users are now able to use the querying
application of the present invention to find hidden patterns in the soccer
data by employing various soccer-specific computations defined herein. For
example, a user can issue a query to determine the percentage of
possessions that led to scoring opportunities when Player 1 began the
possession after an 35 interception. For such a percentage-of
possessions-where-scoringopportunity-created query, the user can use the
graphical user interfaces of the input module 101, as shown in Fig. 15, to
select the computation percentage-of
possessions-where-scoring-opportunity-created, and the values player 1 for
the attribute player-who-began-possession, interception 40 for the
attribute how-team-began-possession. The input module 101 then   11 J U N
2003 WO 00/22493 PCT/US99124029 37 translates the user's selection into the
following query (computation = percentage-of
possessions-where-scoring-opportunity-created, playerwho-began-possession =
Player 1, how-team-began-possession = interception) and provides the user
query to the computation module 102 5 (Fig. 2) for computation. The
computation module 102 (Fig. 2) computes a result such as 25% (9 scoring
opportunities created out of 36 possessions) for the user query based on
the soccer data. As indicated herein, since the input module 101 also
provides the user query to the alert generator 201 (Fig. 10 2), the user is
alerted to a set of circumstances related to the user query having the
greatest-valued and/or least-valued results for the computation
percentage-of possessions-where-scoring-opportunity-created. In other
words, the querying application of the present invention alerts the user to
related scenarios where the team had most (greatest-valued result) and/or
15 least (least-valued result) scoring opportunities, thereby providing the
user with a better understanding of team's performance. For example, the
user would be alerted to the result of the following related query: 



i) Least-valued result: S.5% (1 scoring opportunity created out of 18
possessions) for the modified query (computation = percentage-of 20
possessions-where-scoring-opportunity-created, player-who-beganpossession =
Player 1, how-team-began-possession = interception , touches-by-team = 3-G,
players-who-touched-ball-at-least-once-inpossession = player l, player 5,
player 8, player 9). 25 In an embodiment of the present invention, the
output module 103 may incorporate the graphical user interfaces, as shown
in Fig. 16, for the soccer application. The output module 103 displays the
query in a textual forni in a text box 1601, and computation result in text
box 1602. For each computation, the output module 103 alerts the user to
the hidden 30 patterns in the soccer data using the "clickable" MAX and
MI?~T buttons and "clickable" pictorial alerts as discussed herein with
Fig. 14. Tennis Application The query application of the present invention
can provide 35 professional or amateur tennis players, coaching personnel,
fans and the like with the means to ask questions and obtain insightful
information about the game of tennis. Accordingly, a logical model of the
data collected for tennis games (hereinafter referred to as the tennis
data) is   11 J U N 20D3 WO 00/22493 PCTIUS99/24029 3s generated by
treating the tennis data as a collection of shots and specifying attributes
to describe these various shots. The attributes and their values for the
various shots may include: "player-1-name" being the name of player 1;
"player-2-name" being the 5 name of player 2; "location-of game" being the
site of the match; "setnumber" having values such as 1, 2, 3, 4 or 5;
"game-number-in-set" having values such as 1, 2, 3, 4, 5, 6, etc.;
"match-score" having values such as 0-0, 1-0, 0-1, 2-0, 0-2, 1-1, 1-2, 1-3,
2-2, etc.; "set-score" having values such as 0-0, 1-0, 3-2, 5-5, ete.;
"game-score" having values such as 10 0-0, 1 S-0, 30-30, 40-1 S, etc.;
"server" being the name of the player who is serving in the point;
"serve-from" having a left-side or right-side value ; "serve-number" having
a 1 or 2 value ; "breaks" having values such as up, down or even;
"number-of breaks-up" having values such as 0, 1 or 2 ; "number-of shots-in
point" having values such as 1, 2, 5, 18, etc.; 15 "horizontal-location-of
player-1" having values such as left, center, or right;
"horizontal-location-of player-2" having values such as left, center right;
"vertical-location-of player-1" having values such as behindbaseline,
between-baseline-and-serveline, or at-the-net ; "vertical-locationof
player-2" having values such as behind-baseline, between-baseline 20
and-serveline, or at-the-net ; "vertical-motion-player-1" having values
such as forward, backward, or no-motion ; "vertical-motion-player-2" having
values such as forward, backward, or no-motion ;
"horizontalmotion-player-1" having values such as left, right, or no-motion
; "horizontal-motion-player-2" having values like left, right, or
no-motion, ; 25 "no-of shots-in-point" having values such as 1-3 shots, 3-8
shots, Over 8 shots ; "type-of shot" having values such as ground-stroke,
overhead, slice, lob, drop shot, serve, etc.; "forehand-backhand" having a
forehand or backhand value ; "who-won-point" being the name of the player
who won the point; and so on. 30 Various computations now must be defined
to enable the computation module 102 (Fig. 2) to efficiently process the
tennis data using the tennis-specific attributes defined herein.
Computations specially designed for the tennis application may include:
"number-of winners", "number-of unforced-errors", "number-of shots",
"percentage-of 35 winners", "percentage-of unforced-errors", "number-of
winning-shots", "number-of losing-shots", "percentage-of winning-shots",
"percentage-of losing-shots",
"difference-in-contributions-to-points-won-and-lost" (assumed that each
shot in a point contributes equally to the outcome of the point). 40 The
users are now able to use the querying application of the   V4'O 00/22493
39 11 J U N 2003 PCTIUS99/24029 present invention to find hidden patterns
in the tennis data by employing various tennis-specific computations
defined herein. For example, a user can issue a query to determine how
player 1 performed against player 2 while hitting forehand shots in the
second set when player 1 was up 1 break. For such a performance query, the
user can use the graphical user interfaces of the input module 10l, as
shown in Fig. 17, to select the computation
difference-in-contributions-to-points-won-and-lost, and values player 1 for
the attribute player-1-name, forehand for the attribute forehand-backhand,
2 for the attribute set-number, up for the attribute 10 breaks, 1 for the
attribute number-of breaks-up. The input module l01 (Fig. 2} then
translates the user's selection into the following query (computation =
difference-in-contributions-to-points-won-and-lost, player1-name = player
l, forehand-backhand = forehand, set-number = 2, breaks = up, number-of
breaks-up = 1) and provides the user query to the 15 computation module 102
{Fig. 2) for computation. The computation module 102 (Fig. 2) computes a
result, such as 7.9 (contributions to points won = 11.0 and contributions
to point lost = 18.9) for the user query based on the tennis data. As
indicated herein, since the input module 101 also provides the user query
to the alert 20 generator 201 (Fig. 2), the user is alerted to a set of
circumstances related to the user query having the greatest-valued and/or
least-valued result for the computation
difference-in-contributions-to-points-won-and-lost and. In other words, the
querying application of the present invention alerts the user to related
scenarios where player 1 had the best (greatest-valued) 25 and/or worst
(least-valued) performance) thereby providing the user ~~~ith a better
understanding of player 1's performance. For example, the user may be
alerted to the result of the following query: i) Least-valued result: -14.6
(contributions to points won = 2l.0 and contributions to point lost = 3S.6)
for the modified query 



30 (computation = difference-in-contributions-to-points-won-and-lost)
player1-name = player 1, set-number = 2). In an embodiment of the present
invention, the output module l03 may incorporate the graphical user
interfaces, as shown in Fig. 18, for the tennis application. The output
module 103 displays the query in a textual 35 form in a text box 1801, and
computation results in text box 1802. The output module 103 alerts the user
to the hidden patterns in the tennis data using the "clickable" MAX and MIN
buttons and "clickable" pictorial alerts as discussed herein with Fig. 14.
w0 00/2Z493 40 Golf Application 11 J U N 2003 PCT/US99/24029 The querying
application of the present invention can provide professional or amateur
golfers, coaching personnel, fans, and the like with the means to ask
questions and obtain insightful information about golf games. Accordingly,
a logical model of the data collected for golf games (hereinafter referred
to as the golf data) is generated by treating the golf data as a collection
of shots on different holes on various golf courses and specifying
attributes to describe these various shots and holes. The attributes and
their values for the various shots may include: 10 "type-of shot" having
values such as putts, chips, drives, shots-from fringe, long-iron-shots,
etc.; "club-selection" having values such as driver, woods) long irons,
short irons, pitching wedge, putter, etc.; "distancefrom-hole" having
values such as 5-10 feet, 20-25 feet, 100-150 yards, 300-350 yards, etc.;
"location-of shot" having values such as green, light 1 S rough, heavy
rough, fringe, tee, fairway, etc.; "location-of pin-horizontal" having
values such as left, right, or center; "location-of pin-vertical" having
values such as top, bottom, or middle; "quality-of previous-shot" having
values such as good, moderate, or bad ; "previous-holeperformance" having
values such as eagle, birdie, par, bogie, double 20 bogie, etc.; "club-off
tee" having values such as driver, long iron, short iron, pitching wedge,
etc.; and so on. The attributes and their values for the various holes on a
course may include: "par" having values such as 3, 4, or 5 ; "length-of
hole" having values such as 148 yards, 208 yards, 409 yards, etc.;
"dog-leg-in 25 hole" having a yes or no value; "width-of fairway" having a
narrow or wide value ; "side-of hole-with-trouble" having values such as
left, right, or both; "number-of bunkers-around-green" having values such
as 0, 1, 2, etc.; "speed-of green" having values such as 9, 10, 11, 12,
etc.; "numberof bunkers-around-green" having values such as 0, 1, 2, etc.;
"number-of 30 fairway-bunkers" having values such as 0, 1, 2, etc.;
"tiered-green" having a yes or no value; "side-with-out-of bounds" having
values such as left, right, both, or none; "elevated-tee" having a yes or
no value; "elevatedgreen" having a yes or no value; "size-of green" having
values such as small, medium, large, etc.; "type-of grass" having a value
such as rye, 35 bent, Bermuda, etc.; and so on. Various computations now
must be defined to enable the computation module 102 (Fig. 2) to
efficiently process the golf data using the golf specific attributes
defined herein. Computations specifically designed for the golf application
may include: "number-of shots-made",   WO 00I22493 41 11 J U N 2003
PCT/US99/24029 "number-of shots-attempted", "percentage-of shots-made",
"averagescore-for-one-round-of golP', "quality-of shot", "location-of
next-shot", "lie-of next-shot" (this determines the quality of the current
shot), standard-golf performance-metrics for players (e.g., putting
average, driving distance, par breakers, birdie average, driving accuracy
percentage, scoring average, putts/round, greens in regulation, sand save
percentage, scrambling, etc.), and the like. The users are now able to use
the querying application of the present invention to find hidden patterns
in the golf data by employing 10 various golf specific computations defined
herein. For example, a user can issue a query to determine a particular
player's putting performance in the first round of a specific tournament
when the player was 5-10 feet away from the pin and the speed of the green
was 10. For such putting performance query, the user can select the
computation percentage-of 15 shots-made, and values S-10 feet for the
attribute distance-from-hole, putts for the attribute type-of shot and 10
for the attribute speed-of green. The input module 10l (Fig. 2) then
translates the user's selection into the following query (computation =
percentage-of shots-made, distance-fromhole = 5-10 feet, type-of shot =
putts, speed-of green = 10) and provides 20 the user query to the
computation module 102 (Fig. 2) for computation. The computation module 102
(Fig. 2) computes a result, such as 50% (4 shots made out of 8 shots
attempted) for the user query based on the golf data. As indicated herein,
since the input module 101 also provides the user query to the alert
generator 201 (Fig. 2), the user is 25 alerted to a set of circumstances
related to the user query having the greatest-valued and/or least-valued
result for the computation percentageof shots-made. In other words, the
querying application of the present invention alerts the user to related
scenarios where the player had the best (greatest-valued result) and/or
worst (least-valued result) putting 30 performance, thereby providing the
user with a better understanding of the player's putting performance. For
example, the user may be alerted to the results of the following related
queries: 



i) Least-valued result: 0% (0 shots out of 4 shots attempted) for the
modified query (computation = percentage-of shots-made, 35
distance-from-hole =5-10 feet, type-of shot = putts, speed-of green = 10,
previous-hole-performance = par, club-off tee = driver ); and ii)
Greatest-valued result: 100% (4 shots out of 4 shots attempted) for the
modified query (computation = percentage-of shotsmade, distance-from-hole =
5-10 feet, type-of shot = putts, speed-of green 40 = 10, tiered-green = no,
location-of pin-horizontal = right).   CVO 00I22493 42 Basketball
Application 11 J U N 2003 PCT/US99/24029 The querying application of the
present invention can provide professional or amateur basketball players,
coaching personnel, fans, and the like with the means to ask questions and
obtain insightful information S about basketball games. Accordingly, a
logical model of the data collected for basketball games (hereinafter
referred to as the basketball data) is generated by treating the basketball
data as a collection of possessions and specifying attributes to describe
these various possessions. A possession for a particular team (i.e., team
1) is defined from the time team 1 gets the 10 ball to the time that team 1
loses the ball to team 2. The attributes and their values for various
possessions may include: "home-team-name" being the name of home team or
team l; "away-team-name" being the name of the visiting team or team 2;
"location-of game" being the site of the game; "team-1-point-guard" being
15 the name of the player playing the point guard position for team 1;
"team1-shooting-guard" being the name of the player playing the shooting
guard position for team l; "team-1-small-forward" being the name of the
player playing the small forward position for team 1;
"team-1-power-forward" being the name of the player playing the power
forward position for team 20 1; "team-1-center" being the name of the
player playing the center position for team l; "team-2-point-guard" being
the name of the player playing the point guard position for team 2;
"team-2-shooting-guard" being the name of the player playing the shooting
guard position for team 2; "team-2-small-forward" being the name of the
player playing the small 25 forward position for team 2;
"team-2-power-forward" being the name of the player playing the power
forward position for team 2; "team-2-center" being the name of the player
playing the center position for team 2; "possession-team" being the name of
the team having the possession of the ball; "how-possession-got" having
values such as after-basket, 30 opponent-turnover, offensive-rebound,
defensive rebound, opponentfouled, etc.; "team-leading" being the name of
the team currently leading the game; "period-of game" having values such as
first-quarter, secondquarter, third-quarter, fourth-quarter, first
overtime, second overtime, etc.; "time-left-in-quarter" having values such
as 04:03 minutes, 02:12 minutes, 35 etc.; "field-goal-attempt" having a yes
or no value; "field-goal-attemptby" being the name of the player attempting
the field goal; "type-of shot" having a 2-pointer or 3-pointer value ;
"type-of field-goal-attempt" having values such as lay-up, jump-shot,
running-lay-up, etc.; "field-goaloutcome" having values such as made,
missed or fouled; "assist" having a 40 yes or no value; "assist-by" being
the name of the player who assisted the   WO 00I22493 43 11 J U N 2003
PCT/LJS99/24029 field goal; "rebound" having a yes or no value;
"rebound-by" being the name of the player who rebounded the missed field
goal attempt; "turnover" having a yes or no value; "turnover-by" being the
name of the player who turned the ball over; "steal" having a yes or no
value; "stealby" being the name of the player who stole the ball;
"free-throws" having a yes or no value; "free-throws-by" being the name of
the player who attempted the free throws; "point-scored-in-possession"
having values such as 0, 1, 2, 3, 4, etc.; and so on. Various computations
now must be defined to enable the 10 computation module 102 (Fig. 2) to
efficiently process the basketball data using the basketball-specific
attributes defined herein. Computations specifically designed for the
basketball application may include: "numberof shots-made", "number-of
shots-attempted", "percentage-of shotsmade", "points-plus-minus" (the
difference between the points scored by 1 S the two teams),
"rebounding-plus-minus" (the difference between the rebounds collected by
the rivo teams), standard-basketball-performancemetrics for players (e.g.,
number-of minutes-played, number-of-offensiverebounds, number-of
defensive-rebounds, total-number-of rebounds, number-of steals, number-of
turnovers, number-of assists, number-of 20 free-throw-attempts, number-of
free-throw-made, free-throw-shootingpercentage, ete.), and the like. The
users are now able to use the querying application of the present invention
to find hidden patterns in the basketball data by employing various
basketball-specific computations defined herein. For 25 example, a user can
issue a query to determine how team 1 with player 1 as the shooting guard
performed against team 2 at home in the fourth quarter. For such a team
performance query, the user can select the computation points-plus-minus,
and values team 1 for the attribute hometeam-name, team 2 for the attribute
away-team-name, fourth quarter for 



30 the attribute period-of game and player 1 for the attribute
team-1shooting-guard. The input module 101 then translates the user's
selection into the following query (computation = points-plus-minus,
home-teamname = team 1, away-team-name = team 2, period-of game =
fourthquarter, team-1-shooting-guard = player 1) and provides the user
query to 35 the computation module 102 (Fig. 2) for computation. The
computation module 102 (Fig. 2) computes a result, such as -1 (team 1
scored 21 points and team 2 scored 22 points) for the user query based on
the basketball data. As indicated herein, since the input module 1 O1 also
provides the user query to the alert generator 201 (Fig. 2), the 40 user is
alerted to a set of circumstances related to the user query having the   w0
00/22493 44 11 J U N 2003 PCT/US99/24029 greatest-valued and/or
least-valued result for the computation points-plusminus. In other words,
the querying application of the present invention alerts the user to
related scenarios where team 1 had the best (greatestvalued result) and/or
worst (least-valued result) point plus minus, thereby providing the user
with a better understanding of the team's performance. For example, the
user may be alerted to the results of the following related queues: i)
Least-valued result: -9 (team 1 scored 9 points and team 2 scored 18
points) for the modified query (computation = points-plus 10 minus,
home-team-name = team 1, away-team-name = team 2, period-of game =
fourth-quarter, team-1-shooting-guard = player 1, team-1-pointguard =
player 2); and ii) Greatest-valued result: +8 (team 1 scored 12 points and
team 2 scored 4 points) for the modified query (computation = points 1 S
plus-minus, home-team-name = team 1, away-team-name = team 2, period-of
game = fourth-quarter, team-1-small-for,vard. = player 1 ). Baseball
Application The querying application of the present invention can provide
20 professional or amateur baseball players, coaching personnel, fans, and
the like with the means to ask questions and obtain insightful information
about baseball games. Accordingly, a logical model of the data collected
for the baseball games (hereinafter referred to as the baseball data) is
generated by treating the baseball data as a collection of pitches and 25
specifying attributes to describe these various pitches. The attributes and
their values for the various pitches may include: "team-1-name" being the
name of team 1; "team-2-name" being the name of team 2; "location-of game"
being the site of the match; "side-batting" being the name of the team that
is batting; "team-ahead" being the name 30 of the team that is currently
leading the game; "pitcher-name" being the name of the player pitching,
i.e., the pitcher; "batter-name" being the name of the player batting
during this pitch; "game-score" having values such as 0-0, 1-0, 0-1, 2-0,
0-2, 1-1, 1-2, 1-3, 2-2, 7-3, etc.; innings having values such as 1, 2, 3,
8, 9, etc.; "pitching-side" having a left-handed or 35 right-handed value ;
"batter-side" having a left-handed or right-handed value ; "number-of outs"
having values such as 0, 1, 2 or 3; "number-of strikes" having values such
as 0, 1, 2 or 3; "number-of balls" having values such as 0, l, 2, 3, or 4;
"pitcher-count" having values such as ahead, even, or behind; "pitch-speed"
having values such as 85 miles per   WO 00/22493 45 11 J U N 2003
PCT/US99/24029 hour, 89 miles per hour, 93 miles per hour, etc.;
"pitch-type" having values such as fastball, curveball, slider, changeup,
etc.; "pitch-locationheight" having values such as low, middle, or high;
"pitch-location-insideoutside" having values such as inside, middle, or
outside; "pitch-in-strike 5 zone" having a yes or no value;
"runners-on-base" having a yes or no value; "runners-on-scorin5 position"
having a yes or no value; "previouspitch-type" having values such as
fastball, curveball, slider, changeup, etc.;
"previous-pitch-location-height" having values such as low, middle, or
high; "previous-pitch-location-inside-outside" having values such as 10
inside, middle, or outside; "previous-pitch-in-strike-zone" having a yes or
no value; "impact-of pitch" having values such as positive, negative, or
neutral; "pitch-outcome" having values such as strike, ball, hit or fouled;
and so on. Various computations now must be defined to enable the 15
computation module 102 (Fig. 2) to efficiently process the baseball data
using the baseball-specific attributes defined herein. Computations
specifically designed for the baseball application may include: "numberof
pitches", "number-of strikes", "number-of balls", "number-of hits",
"percentage-of strikes", "percentage-of balls", "percentage-of hits", 



20 "impact-of pitch", "type-of pitch",
standard-baseball-performance-metrics for batters (e.g., runs, hits, runs
batted in, walks, strikeouts, stolen bases, home runs, etc.),
standard-baseball-performance-metrics for pitchers (e.g., innings pitched,
runs, earned runs, walks, strikeouts, home runs allowed, pitches, ground
balls/fly balls ratio, strikes/pitches ratio, etc.) and 25
standard-baseball-performance-metrics for the team (e.g., runs scored, runs
allowed, hits, hits allowed, errors, base runners left on bases, double
plays made, number of pitchers used in the game, etc.), and the like. The
users are now able to use the query application of the present invention to
find hidden patterns in the baseball data by employing various 30
baseball-specific computations defined herein. For example, a user can
issue a query to determine the different types of pitches that pitcher 1
throws when he is behind in the count while his team is leading. For such
pitching query, the user can select the computation type-of pitch and
values pitcher 1 for the attribute pitcher-name, behind for the attribute
35 pitcher-count, and team 1 for the attribute team-ahead. The input module
l01 (Fig. 2) then translates the user's selection into the following query
(computation = type-of pitch, pitcher-name = pitcher l, pitcher-count =
behind, team-ahead = team 1 ) and provides the user query to the
computation module for computation. 40 The computation module 102 (Fig. 2}
computes a result, such as a   VVO 00/22493 46 11. J U N 2003
PCT/US99/24029 set of numbers (one for each type of pitch that the pitcher
1 has thrown): fastballs-75% (60 fastballs out of a total of 80 pitches),
curveballs-10% (8 out of 80), sliders- 5% (4 out of 80) and changeups-10%
(8 out of 80) for the user query based on the baseball data. As indicated
herein, since the 5 input module 101 also provides the user query to the
alert generator 201 (Fig. 2), the user is alerted to a set of circumstances
related to the user query having the greatest-valued and/or least-valued
result for the computation type-of pitch. In other words, the querying
application of the present invention alerts the user to related scenarios
where the pitcher 1 10 has relied more (greatest-valued result) and/or less
(least-valued result) on different types of pitches, thereby providing the
user with a better understanding of the pitcher's pitching performance,
i.e., pitch selection. For example, the user may be alerted to the result
of the following related query: 1 ~ i) Greatest-valued result:
fastballs-89% (8 out of 9) and changeup-11% (1 out of 9) for the modified
query (computation = type-of pitch, pitcher-name = pitcher 1, pitcher-count
= behind, team-ahead = team 1, runners-on-base = yes, number-of strikes = 1
).   w0 00I22493 47 Football Application 11 J U N 2003 PCT/US99/24029 The
querying application of the present invention can provide professional or
amateur football players, coaching personnel, fans, and the like with the
means to ask questions and to obtain insightful information about football
games. Accordingly, a logical model of the data collected for football
games (hereinafter referred to as football data) is generated by treating
the football data as a collection of plays and specifying attributes to
describe these various plays. The attributes and their values for the
various plays may include: 10 "team-1-name" being the name of team 1;
"team-2-name" being the name of team 2; "location-of game" being the site
of the match; "day-of week" having values such as Sunday, monday, etc.;
"type-of surface" having values such as grass, turf, etc.; "game-period"
having values such as firstquarter, second-quarter, third-quarter,
fourth-quarter or overtime; "side 15 with-possession" being the name of the
team having possession of the ball for a particular play; "game-score"
having values such as 0-3, 14-7, 21-3, 21-14, etc.; "team-ahead" being the
name of the team that is currently leading in the game; "team-ahead-by"
having values such as 3, 7, 10, etc.; "quarterback-name" being the name of
the quarterback; "running-back 20 name" being the name of the running back
for this game; "down" having values such as 1, 2, 3, or 4;
"yards-to-go-for-first-down" having values such as 3, 8, 11, 18) etc.;
"yards-to-go-to-red-zone" having values such as 19, 25, 87, etc.;
"yards-to-go-for-touch-down" having values such as 19, 25, 87, etc.;
"in-red-zone" having a yes or no value; "type-of formation" 25 having
values such as 3 receivers, 2 receivers, I-formation, etc.; "shotgun"
having a yes or no value; "play-type" having values such as pass or rush;
"ball-earner" being the name of the player carrying the ball; "direction-of
rush" having values such as left, right, or middle ; "passer" being the
name of the player passing the ball; "intended-receiver" being the name of
the 30 intended receiver of the pass; "direction-of pass" having values
such as left, right, behind, or middle ; "tackle-by" being the names) of
the players) who tackled and brought the play to an end; "interception-by"
being the name of the player who intercepted the ball; "sack-by" being the
names) of the players) who sacked the quarterback; "pass-play-outcome" 35
having values such as pass-completed, intercepted, fumbled, touch-down,
pass-incomplete, etc.; "penalty-in-play" having a yes or no value;
"yardspenalized" having values such as 5, 10, 1 S, 26, etc.;
"yards-gained-inplay" having values such as l, -5, 9, 29, etc.; and so on.
Various computations now must be defined to enable the 40 computation
module 102 (Fig. 2) to efficiently process the football data   



11 J U N 2003 WO 00I22493 48 PCT/US99/24029 using the football-specific
attributes defined herein. Computations specifically designed for the
football application may include: "numberof plays",
"average-yards-gained-per-play", "average-yards-gained-perpassing-play",
"average-yards-gained-per-running-play", "number-of carries",
"percentage-of first-down-completion", "percentage-of
thirddown-conversion", "percentage-of plays-turned-over",
pass-playoutcome", standard-football-performance-metrics (e.g., number-of
touchdowns, number-of fumbles, number-of interceptions, number-of carries,
number-of sacks, number-of yards-in-offense, etc.), and the like. 10 The
users are now able to use the querying application of the present invention
to find hidden patterns in the football data by employing various
football-specific computations defined herein. For example, a user can
issue a query to determine the average yards gained on passing plays from
the shotgun formation by team 1 playing on turf. 15 For such passing
performance, the user can select the computation
average-yards-gained-per-passing-play, and values team 1 for the attribute
team-1-name, yes for the attribute shotgun, pass for the attribute
play-type, and turf for the attribute type-of surface. The input module 101
(Fig. 2) then translates the user's selection into the following query
(computation 20 = average-yards-gained-per-passing-play, team-1-name= team
1, shotgun = yes, play-type = pass, type-of surface = turf) and provides
the user query to the computation module 102 (Fig. 2) for computation. The
computation module 102 (Fig. 2) computes a result, such as 7.2 (144 yards
gained on 20 passing plays) for the user query 25 based on the football
data. As indicated herein, since the input module 102 also provides the
user query to the alert generator 201 (Fig. 2), the user is alerted to a
set of circumstances related to the user query having the greatest-valued
or least-valued result for the computation
average-yardsgained-per-passing-play. In other words, the querying
application of the 30 present invention alerts the user to related
scenarios where the team had the best (greatest-valued) and/or worst
(least-valued) passing performance. For example, the user may be alerted to
the result of the following related query: i) Greatest-valued result: 18
{90 yards gained on 5 passing 35 plays) for the modified query (computation
= average-yards-gained-per passing-play, team-1-name = team 1, shotgun =
yes, play-type = pass, type-of surface = turf, yards-to-go-for-first-down =
<5, in-red-zone = yes, intended-receiver = player 2).   w0 00/22493 49
Cricket Application. 11 J U N 2003 PCT/US99/24029 The querying application
of the present invention can provide professional or amateur cricket
players, coaching personnel, fans, and the like with the means to ask
questions and obtain insightful information 5 about cricket games.
Accordingly, a logical model of the data collected for cricket games
(hereinafter referred to as the cricket data) is generated by treating the
cricket data as a collection of matches and balls, and specifying
attributes to describe these various matches and balls. The attributes and
their values for the various matches may 10 include: "team-1-name" being
the name of team l; "team-2-name" being the name of team 2; "location-of
match" (site of the match) having values such as home, away or neutral;
"month-of match" having values such as January, February, etc.;
"tournament-match" having a yes or no value; "name-of tournament" being the
name of the tournament if the match was 15 played as part of a tournament ,
if any ; "pitch-conditions" (nature of the pitch) having values such as
slow, fast, wet, dry, etc.; "weather-conditions having values such as
windy, wet, sunny, etc.; "team-winning-toss" being the name of the team
that won the toss; "team-batting-first" being the name of the team that
batted first; "teaml-runs-made" indicating the 20 number of runs made by
the first team; "teaml-wickets-lost" indicating the number of wickets lost
by the team batting first; "team2-runs-made" indicating the number of runs
made by the team batting second; "team2wickets-lost" indicating the number
of wickets lost by the second team; "winning-team" indicating the name of
the team that won the match; and 25 so on. The attributes and their values
for the various balls may include: "batsman-name" being the name of the
batsman; "batsman-hand" (hand used to bat) having a right or left value ;
"type-of batsman" having values such as opener, middle-order, or
tail-ender; "non-striker-name" being the 30 name of the non-striker;
"non-striker-hand" (hand used to bat) having a right or left value ;
"type-of non-striker" having values such as opener, middle-order, or
tail-ender; "runner-name" being the name of the runner, if any ;
"runner-hand" (hand used to bat) having a right or left value ;
"bowler-name" being the name of the bowler; "bowler-hand" (hand used 35 to
bowl) having a right or left value ; "type-of bowler" having values such as
fast, fast-medium, medium, spin, etc.; "number-of fielders-on-offside"
having values such as 1-2, 3-4, 5-6, etc.; "number-of close-in-fielders"
having values such as I-2, 3-4, S-6, etc.; "round-or-over" (way the bowler
bowled) having an over or round value ; "type-of ball" having values such
40 as yorker, outswinger, legcutter, etc.; "line-of ball" having values
such as   w0 00/22493 SO 



11 JUN 2003 PCT/US99/24029 off, leg, etc.; "length-of ball" having values
such as short-pitched, overpitched, etc.; "direction-of ball" (direction of
the ball after being pitched) having values such as incoming, outgoing,
etc.; "shot-attempted" having values such as hook, sweep, etc.; "zone"
indicating the location of the ball S after being hit by the batsman and
having values such as 1, 2, etc.; "result" indicating the result of the
shot and having values such as runs, no runs, out, etc.; "number-of runs"
indicating the number of runs scored off the ball and having values such as
1, 4, etc.; "how-out" indicating how the batsman got out and having values
such as bowled, caught, etc.; 10 "contributing-fielder-name" being the name
of the fielder who contributed to the batsman getting out;
"contributing-fielder-position" indicating the position of the contributing
fielder and having values such as mid-off, wicketkeeper, etc.;
"four-scored" indicating whether a "four" was scored off the ball and
having a yes or no value; "six-scored" indicating whether 1 ~ a "six" was
scored off the ball and having a yes or no value; "runs-perover-required"
indicating the required runs per over and having values such as <3, 3-4,
4-5, etc.; "runs-per-wicket-required" indicating the required runs per
wicket left and having values such as <10, 10-20, etc. ; and so on. 20
Various computations now must be defined to enable the computation module
102 (Fig. 2) to efficiently process the cricket data using the
cricket-specific attributes defined herein. Computations specifically
designed for the cricket application may include; "number-of matches",
"win-percentage", "required-runs-per-over-at-start", "required 25
runs-per-over-at-end", "required-runs-per-wicket-at-start",
"required-runsper-wicket-at-end", "contribution-to-required-runs-per-over",
"contribution-to-required-runs-per-wicket",
standard-cricket-performancemetrics for batsmen (e.g., number-of
balls-faced, number-of minutesplayed, number-of runs-scored, number-of
fours-scored, number-of sixes 30 scored, distribution-of
runs-scored-by-zone, distribution-of runs-scoredby-bowler) and the
standard-cricket-performance-metrics for bowlers (e.g. number-of
balls-bowled, number-of maiden-overs-bowled, number-of wickets-taken,
number-of runs-given, number-of fours-given, number-of sixes-given,
distribution-of runs-given-by-zone, distribution-of runs 35
given-by-batsman, etc.), and the like. The users are now able to use the
querying application of the present invention to find hidden patterns in
the cricket data by employing various cricket-specific computations defined
herein. For example, a user can issue a query to determine the winning
percentage of team 1 against 40 team 2. For such winning percentage query,
the user can select the   WO 00/22493 51 11 J lJ N ~00~ PCT/US99/24029
computation win-percentage, and values team 1 for the attribute team-1name
and team 2 for the attribute team-2-name. The input module l01 (Fig. 2)
then translates the user's selection into the following query (computation
= win-percentage, team-1-name = team 1, team-2-name = team 2) and provides
the user query to the computation module l02 (Fig. 2) for computation. The
computation module l02 (Fig. 2) computes a result, such as 25.0 (50 wins
out of 200 matches) for the user query based on the cricket data. As
indicated herein, since the input module 101 also provides the 10 user
query to the alert generator 201 (Fig. 2), the user is alerted to a set of
circumstances related to the user query having greatest-valued or
leastvalued result for the computation win-percentage. In other words, the
querying application of the present invention alerts the user to related
scenarios where the team 1 had the highest (greatest-valued result) and 15
lowest (least-valued result) winning percentage against team 2, thereby
providing the user with a better understanding of the team I's performance
against team 2. For e~:ample, the user may be alerted to the result of the
following related query: i) 100% (3 wins out of 3 matches) for the modified
query 20 (computation = win-percentage, team-1-name = team l, team-2-name =
team 2, tournament = yes, name-of tournament = World Cup). Similarly, a
user can issue a query to determine player 1's contribution to the required
runs per over when ball type is a yorker. For such contribution query, the
user can select the computation contribution 25 to-required-runs-per-over,
and values playerl for the attribute batsmanname and yorker for the
attribute type-of ball. The input module 101 (Fig. 2) then translates the
user's selection into the following query (computation =
contribution-to-required-runs-per-over, batsman-name = playerl, type-of
ball = yorker) and provides the user query to the 30 computation module for
computation. The computation module 102 {Fig. 2) computes a result, such as
-0.23 for the user query based on the cricket data. Since the input module
101 (Fig. 2) also provides the user query to the alert generator 201, the
user is alerted to a set of circumstances related to the user query 35
having the greatest-valued or least-valued result for the computation
contribution-to-required-runs-per-over. In other words, the querying
application of the present invention alerts the user to related scenarios
where player 1 contributed most (greatest-valued result) and least
(leastvalued result) to the required number of runs per over, thereby
providing 40 the user with a better understanding of player 1's
performance. For   11 JUN 2003 WO 00/22493 PCT/US99/24029 52 example, the
user would be alerted to the result of the following related query: 



i) Least-valued result: -1.2 for the modified query (computation =
contribution-to- required-runs-per-over, batsman-name = 5 playerl).
Bankin~Application In another embodiment, the querying application of the
present invention can be used in numerous banking applications to query and
10 obtain insightful information from the banking data. As a representative
example, the querying application of the present invention can provide
investment bankers with the means to ask questions and obtain insightful
information about companies raising money in the market though various
instruments such as bonds, private placements, etc. Accordingly, a 1 ~
logical model of the data collected for the banking application
(hereinafter referred to as the banking data) is generated by treating the
banking data as a collection of deals and specifying attributes to describe
these various deals. The attributes and their values for the various deals
may include: 20 "product" indicating the type of instrument being used, and
having values such as private placement, non-convertible bond, etc.;
"sales-segment" indicating the relative performance of the issuing company
in terms of sales, and having values such as excellent, good, etc.;
"growth-in-sales" indicating the relative performance of the issuing
company in terms of 25 growth in sales, and having values such as
excellent, good, etc.; "industry" indicating the industry to which the
issuing company belongs to, and having values such as electronics,
construction, etc.; "captive-financecompany" indicating whether the issuing
company is a financial arm of a larger company, and having a yes or no
value; "customer-status" 30 indicating whether the issuing company is an
existing customer of the bank, and having a yes or no value;
"customer-priority" indicating the priority of the issuing company as a
customer of the bank, and having values not-a-customer, high, low, etc.;
"multinational-presence" indicating the extent to which the issuing company
is a multinational, and having 35 values such as high, medium, etc.;
"industry-complexity" indicating the complexity of the industry to which
the issuing company belongs, and having values such as high, medium, etc.;
"geographical-coverage" indicating the issuing company's presence within
its main country of operations, and having values such as national,
regional, local, etc.; "debt   wQ 00I22493 53 11 J U N 2003 PCT/US99/24029
to-size-ratio" indicating the extent of the issuing company's debts in
relation to its size, and having values such as high, medium, etc.;
"leasesto-size-ratio" indicating the extent of the issuing company's leases
in relation to its size, and having values such as high, medium, etc.;
"cash 5 flow" indicating the relative performance of the issuing company in
terms of cash flow, and having values such as excellent, good, etc.;
"epsgrowth" indicating the relative performance of the issuing company in
ternls of growth in EPS (earnings per share), and having values such as
excellent, good, etc.; "historical-pe-ratio" indicating the relative 10
performance of the issuing company in terms of its historical P/E (price to
earnings) ratio, and having values such as excellent, good, etc.;
"grossmargin" indicating the relative performance of the issuing company in
terms of its gross margins, and having values such as excellent, good,
ctc.; "net-income" indicating the relative performance of the issuing
company 15 in terms of its net income, and having values such as excellent,
good, etc.; "market-capitalization" indicating the relative performance of
the issuing company in terms of market capitalization, and having values
such as excellent, good, ete.; "roe-average" indicating the relative
performance of the issuing company in terms of its ROE (return on equity)
average, and 20 having values such as excellent, good, etc.;
"insider-shares-percentage" indicating the relative perforn~ance of the
issuing company in terms of the percentage of shares held by insiders, and
having values such as excellent, good, etc.; "growth-segment" indicating
the relative performance of the issuing company in terms of its growth, and
having values such as 25 excellent, good, etc.; "public-company" indicating
whether or not the issuing company is publicly traded, and having a yes or
no value; "leadmanager" being the name of the lead manager for the issue;
"leadmanager-type" indicating the type of lead manager, and having values
such as commercial bank, top tier investment banlt, etc.; and so on. 30
Various computations now must be defined to enable the computation module
102 (Fig. 2) to efficiently process the banking data using banlcina
specific attributes defined herein. Computations specifically designed for
the banking application may include: "numberof deals", "amount-raised",
"percentage-of deals", "percentage-of 35 amount-raised", and the like. The
users are now able to use the querying application of the present invention
to find hidden patterns in the banking data by employing various
banking-specific computations defined herein. For example, a user can issue
a query to determine the percentage of deals in the 40 electronics industry
for which bankl was the lead manager. For such deal   w0 00/22493 54 11 J U
N 2003 PCT/US99/24029 percentage query, the user can select the computation
percentage-of deals and values bankl for the attribute lead-manager and
electronics for the attribute industry. The input module 101 (Fig. 2) then
translates the user's selection into the following query (computation =
percentage-of deals, lead-manager = bankl, industry = electronics) and
provides the user query to the computation module for computation. The
computation module 102 (Fig. 2) computes a result, such as 5.8% (58 deals
from a total of 1000) for the user query based on the banking data. As
indicated herein, since the input module l01 also 



10 provides the user query to the alert generator 20l (Fig. 2), the user is
alerted to a set of circumstances related to the user query having the
greatest-valued or least-valued result for the computation percentage-of
deals. In other words, the querying application of the present invention
alerts the user to related scenarios where bankl had the highest (greatest
15 valued result) and/or the lowest (least-valued result) percentage of
deals, thereby providing the user with a better understanding of the bank's
performance in winning the deals. For example, the user would be alerted to
the result of the following related query: i) Greatest-valued result: 25.0%
(50 deals from a total of 200) 20 for the modified query (computation =
percentage-of deals, lead-manager = bankl, industry = electronics,
multinational-presence = high, grov~rthsegment = excellent). Call Center
Management Application 25 A call center is a place where customers of a
company call in to get support and information about products, report
problems and get solutions for their problems. Call centers are also used
for direct marketing to endusers. Over the past few years, call centers
have been automated by 30 integrating the telephony systems with computer
hardware and software to assist in managing the call center effectively and
efficiently. Typically, data is collected about the customers, agents,
nature of the call, and outcome of the calls. In another embodiment, the
querying application of the present 35 invention can be used in numerous
call center management applications to query and obtain insightful
information from the call center data. As a representative example, the
querying application of the present invention can provide call center
managers and personnel with the means to ask   WO 00I22493 55 11 J U N 2003
PCT/US99/24029 questions and obtain insightful information about the call
center calls Accordingly, a logical model of the data collected for the
call center management application (hereinafter referred to as the call
center data) is generated by treating the call center data as a collection
of calls between agents and customers and specifying attributes to describe
these various calls, agents and customers. The attributes and their values
for the various calls may include: "customer-telephone-number" having
values such as 9l0-76l-2380, 71 S656-2278, etc.; "id-of
first-agent-on-call" indicating an uniquely assigned 10 id number for the
first agent on the call; "incoming-outgoing" having an outgoing or incoming
value; "time-of call" having values such as l2:30 AM, 4:30 PM, etc.;
"call-about-which-product-or-service" having values such as product X,
product I', service X, etc.; "how-product-or-ser~.~~ceadvertised" having
values such as TV, Internet, newspaper, etc.; "switch 1 ~
that-call-went-through" having values such as switch 12, switch 35, etc.;
"agent-ids-of all-agents-on-call" indicating the agent ids of all the
agents on the call; "number-of transfer-in-call" having values such as 0,
1, 2, etc.; "number-of conferences-in-call" having values such as 0, 1, 2,
etc.; "number-of agents-in-call" having values such as 0, 1, 2, etc.;
"number 20 of holds-on-call" having values such as 0, 1, 2, etc.;
"total-call-duration" having values such as 12.9 seconds, 140.8 seconds,
etc.; "customersatisfaction-on-call" having values such as satisfied, very
satisfied, dissatisfied, very dissatisfied, etc.; "sale-outcome" having
values such as yes, no, more follow-up-later, call-not-for-sale, etc.; and
so on. 25 The attributes and their values for the various agents may
include: "agent-id-number" having values such as 0166S7, 200765, etc.;
"agent-skill" indicating the skill of the agent; "agent-experience"
indicating the experience of the agent; "agent-training" indicating the
level of agent's experience; "agent-gender" indicating the gender of the
agent; 30 "agent-age" having values such as 45, 28, etc.; and so on. The
attributes and their values for the various customers may include:
"customer-gender" having values such as male or female; "customer-age"
having have values such as 45, 28, etc.; "customerincome" having values
such as $35,000 - $4S,000 per year, >$100,000 per 35 year., etc.;
"customer-duration" having values such as 1 year, 2 years, etc.; and so on.
Various computations now must be defined to enable the computation module
l02 (Fig. 2) to efficiently process the call center management data using
the call center attributes defined herein. 40 Computations specifically
designed for the call center management   ~'~`O 00/22493 56 11 J U N 2003
PCT/US99/24029 application may include: "number-of calls",
"average-call-duration",
"difference-in-average-call-duration-from-overall-average",
"averagenumber-of transfers", "average-number-of holds", "average-number-of
agents-on-call", "number-of satisfied-customers", "number-of
successfulsale-calls", "average-number-of calls-taken-by-an-agent",
"averageduration-of calls-taken-by-an-agent", "number-of
calls-transferred-by-anagent", and the like. 



The users are now able to use the querying application of the present
invention to find hidden patterns in the call center data by 10 employing
various call center-specific computations defined herein. For example, a
user can issue a query to determine the average call duration for a11
incoming calls occurring early in the morning. For such average call
duration query, the user can select the computation average-callduration,
and values incoming for the attribute incoming-outgoing and 1 ~
early-morning for the attribute time-of call. The input module 1 O1 (Fig.
2) then translates the user's selection into the following query
(computation = average-call-duration, incoming-outgoing = incoming, time-of
call = early-morning) and provides the user query to the computation module
102 (Fig. 2) for computation. 20 The computation module 102 (Fig. 2)
computes a result, such as 844 seconds for the user query based on the call
center data. As indicated herein, since the input module 101 also provides
the user query to the alert generator 201 (Fig. 2), the user is alerted to
a set of circumstances related to the user query having the greatest-valued
and/or least-valued result for 25 the computation average-call-duration. In
other words, the querying application of the present invention alerts the
user to related scenarios having the longest (greatest-valued result)
and/or the shortest (least-valued result) average call duration, thereby
providing the user with a better understanding of the average call
duration. For example, the user may be 30 alerted io the result of the
following related query: i) Greatest-valued result: 1289 seconds for the
modified query (computation = average-call-duration, incoming-outgoing =
incoming, time-of call = early-morning, customer-gender = male,
customer-income = >$ l00,000, average-agent-skill = low). 35 Also, a user
can issue a query to determine the difference between the average call
duration for calls about product X to a11 agents, and those only to agent
with id 016657. For such difference query, the user can select the
computation difference-in-average-call-duration-from-overallaverage, and
values O1 G657 for the attribute agent-id-number and product 40 X for the
attribute call-about-which-product-or-service. The input module   VVO
00l22493 11 J U N 2003 PCT/US99/24029 S7 101 (Fig. 2) then translates the
user's selection into the following query (computation =
difference-in-average-call-duration-from-overall-average, agent-id-number =
0166S7, call-about-which-product-or-service = product X) and provides the
user query to the computation module 102 (Fig. 2) for S computation. The
computation module 102 (Fig. 2) computes a result, such as 200.1 seconds
(the average call duration to agent 0166S7 being 1209.6 seconds and the
average call duration for all agents being 1009.S seconds} for the user
query based on the call center data. Since the input module 10 1 O 1 also
provides the user query to the alert generator 201, the user is alerted to
a set of circumstances related to the user query having the greatest-valued
and/or least-valued result for the computation
differencein-average-call-duration-from-overall-average. In other words,
the querying application of the present invention alerts the user to
related 15 scenarios where the agent had the largest (greatest-valued
result) and/or the smallest {least-valued result) difference in the average
call duration from the overall average for all agents, thereby providing
the user with a better understanding of the agent's performance. For
example, the user may be alerted to the result of the following related
query: 20 i) Greatest-valued result: S43.8 seconds (the average call
duration for calls to the agent 016SS7 being 1553.3 seconds and the average
call duration for a11 agents being 1009.S seconds) for the modified query
(computation = difference-in-average-call-duration-from-overallaverage
agent-id-number = 0166S7, call-about-which-product-or-service = 2S product
X, how-product-or-service-advertised = Internet, customer-age = >SS).
Customer Relationship Management Application Customer relationship
management is very critical to the operation 30 of any business. An
important area of customer relationship management is understanding and
managing customer churn. In another embodiment, the querying application of
the present invention can be used in numerous customer relationship
management applications to query and obtain insightful information from
customer 3 S relationship management data. As a representative example, the
querying application of the present invention can provide customer
relationship managers and personnel with the means to ask questions and
obtain insightful information about customer relationships. Accordingly, a
logical model of the data collected for customer relationship management
11 JUN 2003 WO 00/22493 PCT/US99/24029 58 application (hereinafter refen~ed
to as the customer relationship management data) is generated by treating
the data as a collection of customers and by specifying attributes to
describe the customers. The attributes and their values for customers may
include; 5 "customer-gender" having a male or female value; "customer-age"
having values such as 45, 28, etc. ; "customer-income" having values such
as $35,000 - $45,000 per year, >$ l00,000 per year, etc. ;
"customer-duration" having values such as < 1 year, 2 years, etc. ;
"customer-marital-status" having values such as single, married, divorced,
etc. ; "customer-of which 10 product-or-service" having values such as
Product X, Product Y, Service X, etc. ; "how-product-or-service-advertised"
having values such as T~~, Internet, newspaper, etc. ;
"customer-satisfaction-at-time-of sale" having values such as satisfied,
very satisfied, dissatisfied, very dissatisfied, etc. ;
"customer-satisfaction-at-time-of churn" having values such as satisfied, 



15 very satisfied, dissatisfied, very dissatisfied, etc. ; "duration-of
customer" having values such as <lyear, 1-2 years, 2-5 years, etc. ;
"churn-date" having values such as Dec 19`" l998, etc. ; "reason-of churn"
having values such as unhappy-with-product, unhappy-with-service,
found-betterproduct, etc. ; "cross-selling-at-time-of churn" having values
such as 20 successful, no attempt, unsuccessful, etc. ;
"activity-just-before-churn" having values such as very little, almost
nothing, a lot of activity, etc. ; "high-risk-customer" having a yes or no
value; and so on Various computations now must be defined to enable the
computation module 102 (Fig. 2) to efficiently process the customer 25
relationship management data using the customer attributes defined herein.
Computations specially designed for the customer relationship management
application may include : "number-of customers", "numberof
customers-that-churn", "number-of customers-that-are-retained", "number-of
high-risk-customers", "churn-percentage", and the like. 30 The users are
now able to use the querying application of the present invention to find
hidden patterns in the customer relationship management data by employing
various customer relationship management-specific computations defined
herein. For example, a user can issue a query to determine the percentage
of customers that churned in 3~ the fourth quarter of 1998. For such churn
percentage query, the user can select the computation churn-percentage, and
values 4Q 1998 for the attribute churn-date. The input module 101 (Fig. 2)
then translates the user's selection into the following query (computation
= churn-percentage, churn-date=4Q 1998) and provides the user query to the
computation 40 module 102 (Fig. 2) for computation.   WO 00/22493 11 J U N
2003 PCT/US99/24029 59 The computation module 102 (Fig. 2) computes a
result such as 9% for the user query based on the customer relationship
management data. As indicated herein, since the input module 101 (Fig. 2)
also provides the user query to the alert generator 201 (Fig. 2), the user
is 5 alerted to a set of circumstances related to the user query having the
greatest-values and/or least-valued result for the computation
churnpercentage. In other words, the querying application of the present
invention alerts the user to related scenarios having the highest
{greatestvalued result) and/or lowest (least-values result)
churn-percentage, thereby 10 providing the user with a better understanding
of the customer churn. For example, the user may be alerted to the result
of the following related query: i) Greatest-valued result : 18% for the
modified query (computation = churn-percentage, churn-date=4Q 1998,
customer-duration 15 = <1, year customer-income = >$100,000, customer-of
which-product-orservice = Product Y, customer-satisfaction-at-time-of sale
= very satisfied). Generating Alerts in a Multi-User Environment In an
embodiment of the present invention, the querying 20 application of the
present invention can be incorporated into a multi-user environment, such
as a communication network of computers, an intranet, or the Internet
(world-wide-web). Turning now to Fig. 19, there is illustrated a multi-user
environment incorporating the querying application of the present 25
invention. For simplicity, elements shown in Fig. 19 corresponding to those
shown in Fig. 2 are denoted by the same reference numerals and their
descriptions are omitted. Essentially, the querying application of Fig. 19
replaces the input module 101 and the output module 103 of the querying
application of Fig. 2 with multiple input modules 1902 and 30 multiple
output modules 1903. Also, the alert generator 201 is now connected to the
input and output modules via a communications network l901, such as a
computer network. Accordingly, the alert generator 201 of Fig. 19 receives
a plurality of different queries from the multiple input modules 1902
(i.e., multiple 35 users) via the communications network 1901. The alert
generator 201 accesses the computation module 102, and generates alert
notifications 202 and alert data 203 for each output module 1903. The alert
generator 201 transmits (or sends) the appropriate alert notifications 202
and the alert data 203 to each output module 1903 over the communications
WO 00I22493 60 network 1901. 11 J lJ N 2003 PCT/US99/24029 Alternatively,
web browsers can serve as the input and output modules, and the alert
generator 201 and the computation module l02 cats reside on a server (i.e.,
an Internet server). The communications net<vork 



5 1901 connecting the web browsers to the server can be the Internet, a
company intranet, a local-area network, a wide-area network and the like.
Generating Alerts for a Multimedia Ouer~n~ application In another
embodiment, the querying application of the present invention can be used
as a multimedia querying application. Instead of 10 retrieving numerical
results, the multimedia querying application retrieves multimedia objects,
such as images, video clips, and audio clips. The multimedia ohjects are
generally annotated and stored in a multimedia data repository. Generally,
the annotation can be done in one of two ways. In the 15 first approach, a
list of pre-specified attributes, each having a finite set of pre-specified
values, can be used to classify the multimedia objects. In the second
approach, a textual description is used to label the object. The
conventional multimedia database generally supports both types of
annotations. The annotations can be manually generated, e.g., a person 20
looks at an image that is a picture of a mountain and types in the
annotation: mountain or selects the value mountain for a suitable attribute
such as topography. Alternatively the annotations can be automatically
generated, e.g., an image analysis algorithm processes the image and
classifies the image as a mountain. 25 Once a multimedia object has been
annotated, a multimedia querying application can be used to retrieve the
multimedia object. Such a querying application allows the user to specify
the objects in one of two ways. In the first approach) the user selects the
values of attributes of interest and the querying application searches the
annotations of the 30 multimedia objects in its repository to retrieve a11
objects that have an annotation matching the user's requirements. This is
equivalent to a user issuing a query in the traditional (non-multimedia)
querying application in Fig. 1. In the second approach, the user types in
keywords of interest and the querying application searches the annotations,
including textual 35 descriptions, and retrieves the multimedia objects
having the keywords contained in their annotations. The manner in which the
textual annotations can be represented by an attribute-value classification
scheme is described herein. The first step is to remove the common,
non-informational words   WO 00l22493 61 11 J U N 2003 PCT/US99/24029 that
occur frequently in a textual description in a natural language such as
English. Examples include such words as a, the, is, that, etc. Those
skilled in the art appreciate that exhaustive lists of such words have
already been compiled and are available. Once these words have been 5
removed, the remaining words are added to a list of unique words for every
annotation in the multimedia repository. Finally, every unique word in this
list is made into an attribute that can have two possible values, present
or absent. A11 attributes are used to classify a textual description, the
value for a given attribute being present, if the corresponding word is 10
present in the textual description, else the value is absent. One skilled
in the art will be able to implement such a method for textual
descriptions. Note that method could also be applied to a collection of
documents, each document corresponding to a textual description. It follows
that the search initiated by a user of a multimedia 15 querying application
is fundamentally the same as the query issued by the user of the querying
application of Fig. l, i.e., the input module l01 can support the user
interface for both traditional and multimedia querying application. There
is a major difference in the operation of the querying 20 application of
Fig. 1 and the multimedia querying application. The former outputs a
numeric result, while the multimedia querying application retrieves a
multimedia object. However, in both cases, a common starting point is the
attribute-value string that is selected by the user. Accordingly, at least
one computation must be defined for the multimedia application 25 such that
the computation maps the strings to a numeric result that will be useful to
the user. The multimedia querying application can be modified to execute
that computation for the user's query string and to output the numeric
result (with associated alerts) to the user along with the multimedia
objects that are retrieved. 30 Those skilled in the art will be able to
easily define such useful computations that compute statistics for the
classes of multimedia objects. For example, the count or percentage of
multimedia objects that have a particular value. Or, the difference in
count between a particular value and a11 other values of the same
attribute, when such a difference is 35 computed for the subset of objects
that have the user's query string. The latter scheme will be particularly
useful when specific attributes are known to represent outcomes of
interest. Clearly, once such computations have been defined, our invention
can be used to generate alerts in the manner described in the present
invention. Consequently, our invention 40 can be embedded easily in a
multimedia querying application. The   11 J U1V 2003 VVO 00I22493
PCT/US99/24029 62 apparatus of Fig. 2 is simply added to the apparatus of
the multimedia querying application. The two apparatus can share the same
Input Module 101 and the Output Module 103 is incorporated within the
output mechanisms of the multimedia querying application. 5 Generatin,~
alerts in a real-time environment 



The present invention can also be used as is within a real-time
environment. In such an environment, the underlying data change, but that
does not change the fundamentals of our invention. All that is 10 happening
is that the computations in the Computation Module 102 change over time. At
any given point in time, the situation can be frozen, i.e., the state of
the Computation Module 102 at that point in time is used. One skilled in
the art will easily be able to define such a point in time in the context
of the querying application in Fig. 1, e.g., the point in time 1~ when the
user issues a query. It follows that our invention can easily be applied in
a real-time environment. It is easy to embed our present invention in an
real-time environment. In fact, one particular set of alerts that can occur
in the context of our invention will be particularly useful in a real-time
20 environment, e.g, a military intelligence environment in which threats
are being evaluated by inputting the latest information received in the
form of a user's query to a querying application. The querying application
outputs a number between 0 and 1, with 0 representing a definite threat and
1 representing a non-threat. 25 Consider the case when the MAXINT string
and/or MININT string do not overlap directly with the attribute-value
string of the query but instead can be traced from the user's query. Note
that those strings, having the greatest-valued and least-valued results
respectively, can reflect the strongest measures in the data that underlie
the querying application. 30 Consequently, if the user's query does not
overlap directly with those strings, it could indicate that the user may
have hit upon a weakness in the underlying data to respond to the current
query, a fact that may be relevant when evaluating threats. We have
provided several implementations of systems that make 35 use of our
invention. We re-iterate that those skilled in the art can easily produce
variations that fall within the scope and spirit of our invention. We also
re-iterate that our invention will find usage in many different areas. We
list some of those areas below, along with a brief description of how our
invention can be used. Our list is meant to be an illustrative and   WO
00/22493 63 not an exhaustive list of possible usage, Database Stems and
applications 11 J U N Q003 PCT/US99/24029 This invention can be used to
introduce data mining functionality 5 in database systems and database
applications such as data marts and data warehousing systems. In this case,
any querying mechanism (such as a Graphical User Interface, HTML forms on a
web browser, etc.) specific to the database system or application could be
used to pass inputs to the Alert Generator. Similarly, any reporting
mechanism (HTML pages, Graphical 10 interface, textual reports, etc.) could
be used as the Output Module to receive alerts. Computations required could
either be performed by the database system or application on the fly, or
the results could be looked up from previously computed results. 15 OLAP
and Data Mining Suites There are various commercial products currently
available that provide users with the means to run Online Analytical
Processing queries on data, as well as a means of unearthing interesting
patterns from the data, based on proprietary Data Mining algorithms. This
invention 20 provides a method for linking the rivo classes of products
together by enabling the output of OLAP query tools to be fed into data
mining suites to extract meaningful information along the user's line of
questioning. Thus, the interface provided by the OLAP Query tool could
function as the Input Module. The OLAP tool could itself provide the
Computation 25 Module. The Data Mining suite provides the search space for
the Alert Generator. The OLAP reporting tools provide the Output Module for
receiving the alerts. Data Minin t~ ools_- another usage Several commercial
data mining products enable users to pose 30 queries on the results
obtained by running data mining algorithms on the data. However, these
queries are limited to the results obtained from data mining, and do not
link those results to the unprocessed data. This invention provides a means
of enabling these links. 35 An agent is a computer program that monitors
the activity of another computer program. This invention can be used in the
context of an agent provided that the inputs received by the computer
program that is   11 ,~ ~! ~ ?.(1(13 w0 00/22493 PCT/US99/24029 64 being
monitored can be represented in terms of attribute-valued strings and the
outputs of that program can be represented as real numbers. In this case,
the monitored program is the querying application and the user is not a
human but instead a user process represented by the agent. 



5 While the present invention has been particularly described with respect
to the illustrated embodiment, it will be appreciated that various
alterations, modifications and adaptations may be made based on the present
disclosure, and are intended to be within the scope of the present
invention. For example, contents of the databases may be stored in a 10
single database or stored in memory or the like. It is intended that the
appended claims be interpreted as including the embodiments discussed
above, those various alternatives which have been described and a11
equivalents thereto.   11 J U N 2003 WO 00/22493 65 WHAT IS CLAIMED:
PCT/US99/24029 1. A method of finding strings having greatest-valued or
leastvalued results from a plurality of strings, each string consisting of
at least one element, comprising the steps of: determining strings in said
plurality of strings sharing one or more elements in common with a given
string to provide a set of related strings; determining a result for each
string in said set of related strings; and comparing the results associated
with said set of related strings to determine one or more strings having
the greatest-valued result, or one or 1o more strings having the
least-valued result. 2. The method of claim 1, wherein the step of
determining a result computes the result for each string in said set of
related strings using a computation, said computation defining a
relationship between said plurality of strings and a plurality of results.
15 3. The method of claim 2, wherein the results associated with said set
of related strings are numeric results. 4. The method of claim 3, further
comprising the step of selecting one string as the string having the
greatest-valued result if it is determined that more than one string in
said set of related strings has the 2o greatest-valued result. 5. The
method of claim 4, further comprising the step of generating a list of
strings, each string having the greatest-valued result of a11 strings in
said plurality of strings sharing one or more elements in common with a
preceding string or a succeeding string in said list. 25 6. The method of
claim 5, wherein said list of string yields a non-decreasing succession of
numeric results and wherein the step of generating a list comprises the
steps of: {a) adding the string in said set of related strings having the
greatest-valued result as a last string in said list; 3o (b) determining
strings in said plurality of strings sharing one or more elements in common
with said last string to provide a set of strings related to said last
string; (c) determining a result for each string in said set of strings
related to said last string; 35 (d) comparing the results associated with
said set of strings related to said last string to determine one or more
strings having the greatest-valued result; (e) selecting one string as the
string having the greatest-valued result if it is determined that more than
one string in said set of strings 4o related to said last string has the
greatest-valued result;   WO 00I22493 66 11 J U N 2003 PCT/US99/24029 (f)
adding the string having the greatest-valued result to end of said list as
a new last string if it is determined that said new last string is not
equivalent to the last string; and (g) repeating steps (b) through (f)
until there is no string in said 5 plurality of strings having a result
greater than the last string and sharing one or more elements in common
with the last string. 7. The method of claim 3, further comprising the step
of selecting one string as having the least-valued result if it is
determined that more than one string in said set of related strings has the
least-valued 1 o result. 



8. The method of claim 7, further comprising the step of generating a list
of strings, each string having the least-valued result of all strings in
said plurality of strings sharing one or more elements in common with a
preceding string or a succeeding string in said list. t 5 9. The method of
claim 8, wherein said list of strings yields a non-increasing succession of
numeric results and wherein the step of generating a list comprises the
steps of: (a) adding the string in said set of related strings having the
least-valued result as a last string in said list 20 (b) determining
strings in said plurality of strings sharing one or more elements in common
with said last string to provide a set of strings related to said last
string; (c) determining a result for each string in said set of strings
related to said last string; 25 (d) comparing the results associated with
said set of strings related to said last string to determine one or more
strings having the leastvalued result; (e) selecting one string as the
string having the least-valued result if it is determined that more than
one string in said set of strings 3o related to said last string has the
least-valued result; {f) adding the string having the least-valued result
to end of said list as a new last string if it is determined that said new
last string is not equivalent to the last string; and (g) repeating steps
(b) through (f) until there is no string in said 35 plurality of strings
having a result less than the last string and sharing one or more elements
in common with the last string. 10. The method of claim 1, further
comprising the step of; (a) assigning one string from said set of related
strings as a first string;   WO 00/22493 67 ~ 1 ,~ ~ N 2003 PCT/US99/24029
(b) determining strings in said plurality of strings sharing one or more
elements in common with said first string to provide a set of strings
related to said first string; (c) determining a result for each string in
said set of strings 5 related to said first string; (d) comparing the
results associated with said set of strings related to said first string to
determine one or more strings having the greatest-valued result, or one or
more strings having the least-valued result; (e) assigning another string
in said set of related strings as said first string; and (f) repeating
steps {b) through (e) for every string in said set of related strings. 11.
The method of claim 10, wherein the step (d) further 15 comprises the step
of determining whether said first string has the greatest-valued result or
the least-valued result. 12. The method of claim 1, further comprising the
step of generating pre-computed greatest-valued and pre-computed
least-valued lists by pre-determining for each string in said plurality of
strings whether 2o said each string has a greatest-valued result or a
least-valued result for all strings in said plurality of strings sharing
one or more elements in common with said each string. 13. The method of
claim 12, further comprising the step of determining whether any string in
said set of related strings is in said pre25 computed greatest-valued list
or in said pre-computed least-valued list. 14. A method of finding strings
having greatest-valued or leastvalued results from a plurality of strings,
each string consisting of at least one element, comprising the steps of:
generating pre-computed greatest-valued and pre-computed least3o valued
lists by pre-determining for each string in said plurality of strings
whether said each string has the greatest-valued result or the least-valued
result for a11 strings in said plurality of strings sharing one or more
elements in common with said each string; determining strings in said
pre-computed greatest-valued list 35 sharing one or more elements in common
with a given string to provide one or more strings having corresponding
greatest-valued results to provide a set of max strings; and determining
strings in said pre-computed least-valued list sharing one or more elements
in common with a given string to provide one or 4o more strings having
corresponding least-valued results to provide a set of min strings.   WO
00/22493 



68 11 J U N 200a PCTIUS99/24029 1 S. Apparatus for finding strings having
greatest-valued or least-valued results from a plurality of strings, each
string consisting of at least one element, comprising: a device for
determining strings in said plurality of strings sharing one or more
elements in common with a given string to provide a set of related strings;
a computing device for computing a result for each string in said set of
related strings; and a comparator for comparing the results associated with
said set of 1 o related strings to determine one or more strings having the
greatest-valued result, or one or more strings having the least-valued
result. 16. The apparatus of claim 15, wherein said computing device
computes the result for each string in said set of related strings using a
computation, said computation defining a relationship between said 15
plurality of strings and a plurality of results. 17. The apparatus of claim
16, wherein the results associated with said set of related strings are
numeric results. 18. The apparatus of claim 17, further comprising a
selector for selecting one string as the string having the greatest-valued
result if it is 2o determined that more than one string in said set of
related strings has the greatest-valued result. 19. The apparatus of claim
18, further comprising a device for generating a list of strings, each
string having the greatest-valued result of all strings in said plurality
of strings sharing one or more elements in 25 common with a preceding
string or a succeeding string in said list. 20. The apparatus of claim 19,
wherein said list of strings yields a non-decreasing succession of numeric
results and wherein said device for generating comprises a control device
for adding the string in said set of related strings having the
greatest-valued result as a last string 3o in said list, for operating said
device for determining to determine strings in said plurality of strings
sharing one or more elements in common with said last string to provide a
set of strings related to said last string, for operating said computing
device to compute a result for each string in said set of strings related
to said last string, and for operating said comparator 35 to compare the
results associated with said set of strings related to said last string to
determine one or more strings having the greatest-valued result, for
operating said selector to select one string as the string having the
greatest-valued result if it is determined that more than one string in
said set of strings related to said last string has the greatest-valued
result, and 40 for adding the string having the greatest-valued result to
end of said list as   11 J U N 20D3 WO 00/22493 PCT/US99/24029 69 a new
last string if it is determined that said new last string is not equivalent
to the last string. 21. The apparatus of claim 17, further comprising a
selector for selecting one string as having the least-valued result if it
is determined that 5 more than one string in said set of related strings
has the least-valued result. 22. The apparatus of claim 21, further
comprising a device for generating a list of strings, each string having
the least-valued result of a11 strings in said plurality of strings sharing
one or more elements in 1o common with a preceding string or a succeeding
string in said list. 23. The apparatus of claim 22, wherein said list of
strings yields a non-increasing succession of numeric results and wherein
said device for generating comprises a control device for adding the string
in said set of related strings having the least-valued result as a last
string in ~ s said list, for operating said device for determining to
determine strings in said plurality of strings sharing one or more elements
in common with said last string to provide a set of strings related to said
last string, for operating said computing device to compute a result for
each string in said set of strings related to said last string, and for
operating said comparator 2o to compare the results associated with said
set of strings related to said last string to determine one or more strings
having the least-valued result, for operating said selector to select one
string as the string having the leastvalued result if it is determined that
more than one string in said set of strings related to said last string has
the least-valued result, and for adding 25 the string having the
least-valued result to end of said list as a new last string if it is
determined that said new last string is not equivalent to the last string.
24. The apparatus of claim 15, further comprising a control device for
assigning one string from said set of related strings as a first 3o string,
for operating said device for determining strings to determine strings in
said plurality of strings sharing one or more elements in common with said
first string to provide a set of strings related to said first string, for
operating said computing device to compute a result for each string in said
set of strings related to said first string, and for operating 35 said
comparator to compare the results associated with said set of strings
related to said first string to determine one or more strings having the
greatest-valued result, or one or more strings having the least-valued
result. 25. The apparatus of claim 24, wherein said control device is 4o
operable to control said device for determining to determine whether said
first string has the greatest-valued result or the least-valued result.   



VVO 00I22493 70 11 JUN 2003 PCT/US99/24029 26. The apparatus of claim 15,
further comprising: a device for generating pre-computed greatest-valued
and precomputed least-valued lists by pre-determining for each string in
said plurality of strings whether said each string has a greatest-valued
result or 5 a least-valued result for all strings in said plurality of
strings sharing one or more elements in common with said each string; and a
storing device for storing said pre-computed greatest-valued and
pre-computed least-valued lists. 27. The apparatus of claim 26, wherein
said device for to deterniining strings is operable to determine whether
any string in said set of related strings is in said pre-computed
greatest-valued list or in said precomputed least-valued list. 28.
Apparatus for finding strings having greatest-valued or least-valued
results from a plurality of strings, each string consisting of at 15 least
one element, comprising: a device for generating pre-computed
greatest-valued and precomputed least-valued lists by pre-determining for
each string in said plurality of strings whether said each string has the
greatest-valued result or the least-valued result for all strings in said
plurality of strings sharing 20 one or more elements in common with said
each string; a storage device for storing said pre-computed greatest-valued
and pre-computed least-valued lists; and a device for determining strings
in said pre-computed greatestvalued list sharing one or more elements in
common with a given string to 25 provide one or more strings having
corresponding greatest-valued results to provide a set of max strings, and
determining strings in said precomputed least-valued list sharing one or
more elements in common with a given string to provide one or more strings
having corresponding leastvalued results to provide a set of min strings.
3o 29. A method of finding queries having greatest-valued or least-valued
results, comprising the steps of: receiving a user query consisting of at
least one computation and an attribute-valued string having one or more
elements, each element being associated with an attribute having a value
assigned by a user or a 35 user process; determining queries in a plurality
of queries having said at least one computation and sharing one or more
elements in common with the user query to provide a set of related queries;
computing a result of said at least one computation for the 4o
attribute-valued string associated with each query in said set of related
queries; and   CVO 00/22493 71 11 J U N 2003 PCT/US99/24029 comparing the
results associated with said set of related queries to determine one or
more queries having the greatest-valued result, or one or more queries
having the least-valued result. 30. The method of claim 29, wherein the
step of receiving 5 comprises the steps of: selecting said at least one
computation from a plurality of computations in response to a user or user
process input; selecting one or more attributes from a plurality of
attributes in response to the user input; and 1o selecting a value for each
attribute selected in response to the user input to form an element. 31.
The method of claim 30, wherein said at least one computation defines
relationship between said plurality of queries and a plurality of results.
t5 32. The method of claim 31, wherein the results associated with said of
related queries are numeric results. 



33. The method of claim 32, further comprising the step of selecting one
query as the query having the greatest-valued result if it is determined
that more than one query in said set of related queries has the 2o
greatest-valued result. 34. The method of claim 33, further comprising the
step of generating a list of queries having said at least one computation,
each query being associated with an attribute-valued string having the
greatestvalued result of all queries in said plurality of queries sharing
one or more 25 elements in common with a preceding query or a succeeding
query in said list. 35. The method of claim 34, wherein said list of
queries yields a non-decreasing succession of numeric results and wherein
the step of generating a list comprises the steps of: 30 (a) adding the
query in said set of related queries having the greatest-valued result as a
last query in said list; (b) determining queries in said plurality of
queries having said at least one computation and sharing one or more
elements in common with said last query to provide a set of queries related
to said last query; 35 (c) computing a result of said at least one
computation for the attribute-valued string associated with each query in
said set of queries related to said last query; (d) comparing the results
associated with said set of queries related to said last query to determine
one or more queries having the 4o greatest-valued result;   WO 00/22493 72
11 ,lla~l ?.00~ PCT/US99/24029 (e) selecting one query as the query having
the greatest-valued result if it is determined that more than one query in
said set of queries related to said last query has the greatest-valued
result; (f) adding the query having the greatest-valued result to 5 end of
said list as a new last query if it is determined that said new last query
is not equivalent to said last query; and (g} repeating steps (b) through
(f) until there is no query in said plurality of queries having a result
greater than the last query and sharing one or more elements in common with
the last query. 10 36. The method of claim 32, further comprising the step
of selecting one query as the query having the least-valued result if it is
determined that more than one query in said set of related queries has the
least-valued result. 37. The method of claim 36, further comprising the
step of 15 generating a list of queries having said at least one
computation, each query being associated with an attribute-valued string
having the leastvalued result of all queries in said plurality of queries
sharing one or more elements in common with a preceding query or a
succeeding query in said list. 20 38. The method of claim 37, wherein said
list of queries yields a non-increasing succession of numeric results and
wherein the step of generating a list comprises the steps of: (a) adding
the query in said set of related queries having the least-valued result as
a last query in said list; 25 (b) determining queries in said plurality of
queries having said at least one computation and sharing one or more
elements in common with said last query to provide a set of queries related
to said last query; (c) computing a result of said at least one computation
for the attribute-valued string associated with each query in said set of
queries 3o related to said last query; (d) comparing the results associated
with said set of queries related to said last query to determine one or
more queries having the least-valued result; (e) selecting one query as the
query having the least-valued 35 result if it is determined that more than
one query in said set of queries related to said last query has the
least-valued result; (f) adding the query having the least-valued result to
end of said list as a new last query if it is determined that said new last
query is not equivalent to the last query; and   CVO 00/Z2493 73 11 ~~lJ.~.
aAtl~ PCT/US99/24029 (g) repeating steps (b) through (f) until there is no
query i said plurality of queries having a result less than the last query
and sharing one or more elements in common with the last query. 39. The
method of claim 29, further comprising the step of: 5 (a) assigning one
query from said set of related queries as a first query; 



(b) determining queries in said plurality of queries having said at least
one computation and sharing one or more elements in common wish said first
query to provide a set of queries related to said first query; 10 (c)
computing a result of said at least one computation for the
attribute-valued string associated with each query in said set of queries
related to said first query; (d) comparing the results associated with said
set of queries related to said first query to determine one or more queries
having the 15 greatest-valued result, or one or more queries having the
least-valued result; (e) assigning another query in said set of related
queries as said first query; and (f) repeating steps (b) through (e) for
every query in said set of 2o related queries. 40. The method of claim 39,
wherein the step (d) further comprises the steps of determining whether
said first query has the greatest-valued result or the least-valued result.
41. The method of claim 29, further comprising the step of 25 generating
pre-computed greatest-valued and pre-computed least-valued lists by
pre-determining fox each query in said plurality of queries whether said
each query has a greatest-valued result or a least-valued result for all
queries in said plurality of queries having said at least one computation
and sharing one or more elements in common with said each query. 30 42. The
method of claim 41, further comprising the steps of: determining whether
any query in said set of related queries is in said pre-computed
greatest-valued list to provide a set of max queries; and determining
whether any query in said set of related queries is in said pre-computed
least-valued list to provide a set of min queries. 35 43. The method of
claim 29, further comprising the step of displaying the user query and the
result of the user query along with the greatest-valued result and one or
more queries having the greatest-valued result. 44. The method of claim 43,
wherein the step of displaying 4o further displays the least-valued result
and one or more queries having the least-valued result.   WO 00I22493 74 ~
~ JUN 2003 PCT/US99/24029 45. The method of claim 35, further comprising
the step of displaying the user query and the result of the user query
along with each query and the corresponding greatest-valued result in said
list. 46. The method of claim 38, further comprising the step of 5
displaying the user query and the result of the user query along with each
query and the corresponding least-valued result in said list. 47. The
method of claim 40, wherein the step (d) further comprises the step of
displaying the user query and the result of the user query along with said
first query and the corresponding greatest-valued to result if it is
determined that said first query has the greatest-valued result. 48. The
method of claim 47, wherein the step displaying further displays said first
query and the corresponding least-valued result if it determined that said
first query has the least-valued result. 49. The method of claim 42,
further comprising the steps of: 15 determining whether any query in said
pre-computed greatestvalued list is not in said set of max queries; and
determining whether any query in said pre-computed least-valued list is not
in said set of min queries. 50. A method of finding queries having
greatest-valued or 20 least-valued results from a plurality of queries,
each query having at least one computation and consisting of an
attribute-valued string having one or more elements, each element being
associated with an attribute having a value, comprising the steps of:
generating pre-computed greatest-valued and pre-computed least25 valued
lists for each computation in a plurality of computations by:
pre-determining queries in said plurality of queries having said each
computation to provide a set of computationally related queries; and
pre-determining for each query in said set of 3o computationally related
queries whether said each query has the greatestvalued result or the
least-valued result for all queries in said set of computationally related
queries sharing one or more elements in common with said each query;
receiving a user query consisting of at least one computation and 35 one or
more elements assigned by a user or user process; selecting said
pre-computed greatest-valued list and said precomputed least-valued list
associated with said at least one computation of the user query;
determining queries in said selected pre-computed greatest-valued 40 list
sharing one or more elements in common with the user query to 



WO 00I22493 75 ~11 J U N ~n~3 PCT/US99/24029 provide one or more queries
having corresponding greatest-valued results to provide a set of maa
queries; and determining queries in said selected pre-computed least-valued
list sharing one or more elements in common with the user query to provide
5 one or more queries having corresponding least-valued results to provide
a set of min queries. 51. The method of claim 50, wherein each computation
in said plurality of computation defines a relationship between said
plurality of queries and a plurality of results. to 52. The method of claim
50, further comprising the step of displaying the user query and the result
of the user query along with each query and the corresponding
greatest-valued result in said set of max queries. 53. The method of claim
52, wherein the step of displaying 15 displays each query and the
corresponding least-valued result in said sct of min queries. 54. A method
of finding queries having greatest-valued or least-valued results from a
plurality of queries, comprising the steps of: (a) receiving a user query
consisting of a plurality of 2o computations and an attribute-valued string
having one or more elements, each element being associated with an
attribute having a value assigned by a user; (b) assigning one computation
from said plurality of computations as a first computation; 25 (c)
determining queries in said plurality of queries having said first
computation to provide a set of computationally related queries; (d)
determining queries in said set of computationally related queries sharing
one or more elements in common with the user query to provide a set of
related queries; 30 (e) computing a result of said first computation for
the attribute-valued string associated with each query in said set of
related queues; (f) comparing the results associated with said set of
related queries to determine one or more queries having the greatest-valued
result 35 or one or more queries having the least-valued result; (g)
assigning another computation from said plurality of computations as said
first computation; and (h) repeating steps (fJ through (g) for every
computation in said plurality of computations. 40 55. The method of claim
54, wherein the step (d) further comprises the steps of:   WO 00/22493 76
11 ,~ l 1 N ~A(~a PCT/US99/24029 (i) assigning one query from said set of
related queries as a first query; (j) determining queries in said set of
computationally related queries sharing one or more elements in common with
said first query to 5 provide a set of queries related to said first query;
(k) computing a result of said first computation for the attribute-valued
string associated with each query in said set of queries related to said
first query; 



(1) comparing the results associated with said set of queries t o related
to said first query to determine one or more queries having the
greatest-valued result, or one or more queries having the least-valued
result; (m) assigning another query in said set of related queries as said
first query; and 15 (n) repeating steps (j) through (m) for every query in
said set of related queries. 56. The method of claim 55, wherein the step
(1) further comprises the step of determining whether said first query has
the greatest valued-result or the least-valued result. 20 57. Apparatus for
finding queries having greatest-valued or least-valued results, comprising:
a device for receiving a user query consisting of at least one computation
and an attribute-valued string having one or more elements, each element
being associated with an attribute having a value assigned by 25 a user; a
device for determining queries in said plurality of queries having said at
least one computation and one or more elements in common with the user
query to provide a set of related queries; a computing device for computing
a result of said at least one 3o computation for the attribute-valued
string associated with each query in said set of related queries; and a
comparator for comparing the results associated with said set of related
queries to determine one or more queries having the greatestvalued result
or one or more queries having the least-valued result. 35 58. The apparatus
of claim 57, wherein said device for receiving is operable to select said
at least one computation from a plurality of computations in response to a
user or user process input, to select one or more attributes from a
plurality of attributes in response to the user input, and to select a
value for each attribute selected in response 40 to the user input to form
an element.   WO 00/22493 77 1 ~1 JIIN ?~03 PCT/US99/24029 59. The
apparatus of claim 58, wherein said at least one computation defines
relationship between said plurality of queries and a plurality of results.
60. The apparatus of claim 59, wherein the results associated 5 ~ith said
of related queries are numeric results. 61. The apparatus of claim 60,
further comprising a selecting . device for selecting one query as the
query having the greatest-valued result if it is determined that more than
one query in said set of related queries has the greatest-valued result. 10
62. The apparatus of claim 61, further comprising a generating device for
generating a list of queries having said at least one computation) each
query being associated with an attribute-valued string having the
greatest-valued result of all queries in said plurality of queries sharing
one or more elements in common with a preceding query or a succeeding 15
query in said list. 63. The apparatus of claim 62, wherein said list of
queries yields a non-decreasing succession of numeric results and wherein
said generating device comprises a control device for adding the query
having the greatest-valued result as a last query in said list, for
operating said 2o device for determining to determine queries in said
plurality of queries having said at least one computation and sharing one
or more elements in common with said last query to provide a set of queries
related to said last query, for operating said computing device to compute
a result of said at least one computation for the attribute-valued string
associated with each 25 query in said set of queries related to said last
query, for operating said comparator to compare the results associated with
said set of queries related to said last query to determine one or more
queries having the greatest-valued result, for selecting one query as the
query having the greatest-valued result if it is determined that more than
one query in said 3o set of queries related to said last query has the
greatest-valued result, and for adding the string having the
greatest-valued result to end of said list as a new last query if it is
determined that said new last query is not equivalent to said last query.
64. The apparatus of claim 60, further comprising a selecting 35 device for
selecting one query as the query having the least-valued result if it is
determined that more than one query in said set of related queries has the
least-valued result. 65. The apparatus of claim 64, further comprising a
generating device for generating a list of queries having said at least one
computation, 40 each query being associated with an attribute-valued string
having the least-valued result of a11 queries in said plurality of queries
sharing one or   
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with a preceding query or a succeeding query in said list. 66. The
apparatus of claim 65,wherein said list of queries yields a non-decreasing
succession of numeric results and wherein said 5 generating device
comprises a control device for adding the query in said of related queries
having the least-valued result as a last query in said list for operating
said device for determining to determine queries in said plurality of
queries having said at least one computation and share one or more elements
in common with said last query to provide a set of queries related to said
last query, for operating said computing device to compute a result of said
at least one computation for the attribute-valued string associated with
each query in said set of queries related to said last query, for operating
said comparator to compare the results associated with said set of queries
related to said last query to determine one or more queries 1 ~ having the
least-valued result, for selecting one query as the query having the
least-valued result if it is determined that more than one query in said
set of queries related to said last query has the least-valued result, and
for adding the query having the least-valued result to end of said list as
a new last query if it is determined that said new last query is not
equivalent to 20 said last query. 67. The apparatus of claim 57, further
comprising a control device for assigning one query from said set of
related queries as a first query, for operating said device for determining
to determine queries in said plurality of queries having said at least one
computation and sharing 25 one or more elements in common with said first
query to provide a set of queries related to said first query, for
operating said computing device to compute a result of said at least one
computation for the attribute-valued string associated with each query in
said set of queries related to said first query, for operating said
comparator to compare the results associated 3o with said set of queries
related to said first query to determine one or more queries having the
greatest-valued result, or one or more queries having the least-valued
result, and for assigning another query in said set of related queries as
said first query. 68. The apparatus of claim 67, wherein said control
device is 35 operable to control said device for determining to determine
whether said first query has the greatest-valued result or the least-valued
result. 69. The apparatus of claim 57, further comprising a device for
generating pre-computed greatest-valued and precomputed least-valued lists
by pre-determining for each query in said 4o plurality of queries whether
said each query has the greatest-valued result or the least-valued result
for all queries in said plurality of queries having   WO 00/22493 79 11 J U
N 2003 PCT/US99/24029 said at least one computation and sharing one or more
elements in corrunon with said each query; and a storing device for storing
said pre-computed greatest-valued and pre-computed least-valued results. 5
70. The apparatus of claim 69, wherein said control device is operable to
operate said device for determining to determine whether any query in said
set of related queries is in said pre-computed greatest-valued list to
provide a set of max queries and to determine whether any query in said set
of related queries is in said pre-computed least-valued list to provide a
set of min queries. 71. The apparatus of claim 57, further comprising a
display device for displaying the user query and the result of the user
query along with the greatest-valued result and one or more queries having
the greatest-valued result. 15 72. The apparatus of claim 71, wherein said
display device is operable to display the least-valued result and one or
more queries having the least-valued result. 73. The apparatus of claim 63,
further comprising a display device for displaying the user query and the
result of the user query along 2o with each query and the corresponding
greatest-valued result in said list. 74. The apparatus of claim 66, further
comprising a display device for displaying the user query and the result of
the user query along with each query and the corresponding least-valued
result in said list. 75. The apparatus of claim 70, wherein said control
device is 25 operable to operate said device for determining to determine
whether any query in said pre-computed greatest-valued list is not in said
set of max queries and to determine whether any query in said pre-computed
leastvalued list is not in said set of min queries. 76. Apparatus for
finding queries having greatest-valued or 30 least-valued results from a
plurality of queries, each query having at least one computation and
consisting of an attribute-valued string having one or more elements, each
element being associated with an attribute having a value, comprising: a
device for generating pre-computed greatest-valued and pre35 computed
least-valued lists for each computation in a plurality of computations by
pre-determining queries in said plurality of queries having said each
computation to provide a set of computationally related queries and
pre-determining for each query in said set of computationally related
queries whether said each query has the greatest-valued result or 4o the
least-valued result for a11 queries in said set of computationally related
queries sharing one or more elements in common with said each query;   VVO
00I22493 80 



11 ,SUN n043 PCT/US99124029 a receiver for receiving a user query
consisting of at least one computation and one or more elements assigned by
a user or user process; a selector for selecting said pre-computed
greatest-valued list and said pre-computed least-valued list associated
with said at least one 5 computation of the user query; and a device for
determining queries in said selected pre-computed greatest-valued list
sharing one or more elements in common with the user query to provide one
or more queries having corresponding greatestvalued results to provide a
set of max queries and determining queries in 1 o said selected
pre-computed least-valued list sharing one or more elements in common with
the user query to provide one or more queries having corresponding
least-valued results to provide a set of min queries. 77. The apparatus of
claim 76, wherein each computation in said plurality of computation defines
a relationship between said plurality 15 of queries and a plurality of
results. 78. The apparatus of claim 76, further comprising a display device
for displaying the user query and the result of the user query along with
each query and the corresponding greatest-valued result in said set of max
queries. 20 79. The apparatus of claim 76, wherein the step of displaying
displays each query and the corresponding least-valued result in said set
of min queries. 80. The apparatus of claim 79, wherein said computing
device is operable to compute results for sports data 25 81. The apparatus
of claim 79, wherein said computing device is operable to compute results
for call center data. 82. The apparatus of claim 79, wherein said computing
device is operable to compute results for customer relationship management
data. 83. The apparatus of claim 79, wherein said computing device 3o is
operable to compute results for banking data. 84. The apparatus of claim
79, wherein said computing device is operable to compute results for
multimedia data. 85. The apparatus of claim 79, wherein said computing
device is operable to compute results for textual data. 35 86. The
apparatus of claim 80, wherein said sports data includes tennis data. 87.
The apparatus of claim 80, wherein said sports data includes soccer data.
88. The apparatus of claim 80, wherein said sports data 40 includes golf
data.   WO 00I22493 81 11 ~1 U N 2003 PCT/US99/24029 89. The apparatus of
claim 80, wherein said sports data includes football data. 90. The
apparatus of claim 80, wherein said sports data includes basketball data.
91. The apparatus of claim 80, wherein said sports data includes baseball
data. 92. The apparatus of claim 80, wherein said sports data includes
cricket data. 93. Apparatus of finding queries having greatest-valued or 10
least-valued results from a plurality of queries, comprising: a receiver
for receiving a user query consisting of a plurality of computations and an
attribute-valued string having one or more elements, each element being
associated with an attribute having a value assigned by a user; 15 a device
for assigning one computation from said plurality of computations as a
first computation; a device for determining queries in said plurality of
queries having said first computation to provide a set of computationally
related queries and determining queries in said set of computationally
related queries 



2o sharing one or more elements in common with the user query to provide a
set of related queries; a computing device for computing a result of said
first computation for the attribute-valued string associated with each
query in said set of related queries; 25 a comparator for comparing the
results associated with said set of related queries to determine one or
more queries having the greatestvalued result or one or more queries having
the least-valued result; and a control device for controlling said device
for assigning to assign another computation from said plurality of
computations as said first 3o computation. 94. The apparatus of claim 93,
wherein said control device is operable to operate said device for
assigning to assign one query from said set of related queries as a first
query, for operating said device for determining to determine queries in
said set of computationally related 35 queries sharing one or more elements
in common with said first query to provide a set of queries related to said
first query, for operating said computing device to compute a result of
said first computation for the attribute-valued string associated with each
query in said set of queries related to said first query, for operating
said comparator to compare the 4o results associated with said set of
queries related to said first query to determine one or more queries having
the greatest-valued result, or one or   w0 00/22493 82 11 J U N 2003
PCT/US99/24029 more queries having the least-valued result, and for
operating said device for assigning to assign another query in said set of
related queries as said first query. 95. The apparatus of claim 94, wherein
said comparator is 5 operable to determining whether said first query has
the greatest valuedresult or the least-valued result. 96. Apparatus of
finding queries having greatest-valued or least-valued results from a
plurality of queries, comprising: a receiver for receiving a plurality user
queries, each user query t o being associated with a different user or user
process and consisting of at least one computation and an attribute-valued
string having one or more elements, each element being associated with an
attribute having a value assigned by the associated user; a device for
determining queries in said plurality of queries having t ~ said at least
one computation and sharing one or more elements in common with the user
query to provide a set of related queries; a computing device for computing
a result of said first computation for the attribute-valued string
associated with each query in said set of related queries; 2o a comparator
for comparing the results associated with said set of related queries to
determine one or more queries having the greatestvalued result or one or
more queries having the least-valued result; and a control device for
controlling said device for assisting to assign another computation from
said plurality of computations as said first 25 computation.
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