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QUERY TEMPLATE BASED
ARCHITECTURE FOR PROCESSING
NATURAL LANGUAGE QUERIES FOR DATA
ANALYSIS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/091,481 filed on Apr. 5, 2016, which
claims benefits of U.S. Provisional Application No. 62/148,
114, filed on Apr. 15, 2015. Both applications are incorpo-
rated by reference in its entirety.

BACKGROUND

Field of Art

[0002] The disclosure relates to a query template based
architecture for interacting with data analysis systems via a
natural language query interface, for example, for process-
ing datasets using parallel and distributed systems.

Description of the Related Art

[0003] Enterprises produce large amount of data based on
their daily activities. This data is stored in a distributed
fashion among a large number of computer systems. For
example, large amount of information is stored as logs of
various systems of the enterprise. Typically, this information
may be available in different formats as unstructured as well
as structured data. Conventional techniques available for
processing such large amount of data typically require users
to perform cumbersome programming. Users have to deal
with complex systems that perform parallel/distributed pro-
gramming to be able to process such data. Software devel-
opers and programmers (also called data engineers) who are
experts at programming and using such complex systems
typically do not have the knowledge of a business expert or
a data scientist. Therefore these data engineers are not able
to identify the requirements for the analysis. Nor are the data
engineers able to analyze the results on their own.

[0004] As a result, there is a gap between the users
identifying requirements and analyzing results and the users
programming the parallel/distributed systems based on the
requirements to achieve the results. This gap results in time
consuming communications between the business experts/
data scientists and the data engineers. Data scientists, busi-
ness experts, as well as data engineers act as resources of an
enterprise. Inefficient utilization of their time adds signifi-
cant costs to the process of data analysis. Furthermore, this
gap leads to possibilities of errors in the analysis since a data
engineer can misinterpret certain requirements and may
generate incorrect results. The business experts or the data
scientists do not have the time or the expertise to verify the
software developed by the developers to verify its accuracy.
Therefore conventional techniques for providing insights
into big data stored in distributed systems of an enterprise
fail to provide suitable interface for users to analyze the
large amount of information available in the enterprise.

SUMMARY

[0005] Embodiments use query templates for processing
natural language queries for performing analysis of data. A
data analysis system stores a plurality of natural language
query templates. Hach natural language query template
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comprises components including a query intent, one or more
attributes of a dataset, natural language keywords, and
information describing order of the various components. In
an embodiment, each natural language query template is
associated with instructions for processing natural language
queries matching the template. The data analysis system
receives a natural language query for performing analysis of
a dataset. The data analysis system matches the natural
language query against the plurality of natural language
query templates. The data analysis system identifies a
matching natural language query template corresponding to
the input natural language query based on the matching. The
data analysis system determines the query intent based on
the matching natural language query template. The data
analysis system identifies columns of the dataset that map to
attributes of the query template. The data analysis system
executes one or more database queries against the dataset
based on the query intent and the identified columns. The
data analysis system determines the requested result based
on the received natural language query. The data analysis
system sends the result of execution of the natural language
query for presentation to a user.

[0006] Embodiments allow a user to extend the types of
natural language queries processed by the data analysis
system by adding new natural language query templates. A
new natural language query template may be associated with
an existing query intent. Accordingly, the new natural lan-
guage query template introduces new types of natural lan-
guage queries that perform the processing associated with an
existing query intent. Alternatively, the new natural lan-
guage query template may be associated with a new query
intent associated with a new set of instructions to be per-
formed.

BRIEF DESCRIPTION OF DRAWINGS

[0007] The disclosed embodiments have other advantages
and features which will be more readily apparent from the
detailed description, the appended claims, and the accom-
panying figures (or drawings). A brief introduction of the
figures is below.

[0008] FIG. 1 shows the overall system environment for
performing analysis of big data, in accordance with an
embodiment of the invention.

[0009] FIG. 2 shows the system architecture of a big data
analysis system, in accordance with an embodiment.
[0010] FIG. 3 shows the system architecture of a user
interaction module for providing a natural language query
interface for users to perform data analysis, according to an
embodiment.

[0011] FIGS. 4A-41 show screenshots of a user interface
illustrating the process of iteratively defining a natural
language query for big data analysis, according to an
embodiment.

[0012] FIG. 5 show a screenshot of a user interface
illustrating the result of execution of a natural language
query for big data analysis defined in FIGS. 4A-4E, accord-
ing to an embodiment.

[0013] FIG. 6 illustrates the interactions between a client
application, a user interaction module, and the distributed
data framework module to execute natural language queries,
according to an embodiment of the invention.

[0014] FIG. 7 illustrates the process of identifying sug-
gestions for completion of a natural language query, accord-
ing to an embodiment of the invention.
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[0015] FIG. 8 illustrates the process for determining of the
size of suggestions for a query string for building a natural
language query, according to an embodiment of the inven-
tion.

[0016] FIG. 9 shows a user interface for allowing users to
add templates for natural language queries for big data
analysis, according to an embodiment of the invention.
[0017] FIG. 10 illustrates the process by which the big
data analysis system allows a user to define a new query
template, according to an embodiment of the invention.
[0018] FIG. 11 shows the interaction between various
objects represented in the big data analysis system for
processing natural language queries using user defined met-
rics, in accordance with an embodiment.

[0019] FIG. 12 shows a flowchart illustrating the process
of defining a user defined metric, in accordance with an
embodiment.

[0020] FIG. 13 shows a flowchart illustrating the process
of defining and executing a natural language query based on
a user defined metric, in accordance with an embodiment.
[0021] FIG. 14 is a high-level block diagram illustrating
an example of a computer for use as a system for performing
formal verification with low power considerations, in accor-
dance with an embodiment.

[0022] The features and advantages described in the speci-
fication are not all inclusive and in particular, many addi-
tional features and advantages will be apparent to one of
ordinary skill in the art in view of the drawings, specifica-
tion, and claims. Moreover, it should be noted that the
language used in the specification has been principally
selected for readability and instructional purposes, and may
not have been selected to delineate or circumscribe the
disclosed subject matter.

DETAILED DESCRIPTION

[0023] A data analysis system allows users to perform
analysis of data sets, for example, data generated by an
enterprise. In an embodiment, the data analysis system is a
big data analysis system that performs analysis of big data.
Enterprises typically generate large amount of data via
various mechanisms, for example, logs of various applica-
tions and operating systems executing on computers of the
enterprise, data manually entered by operators, data received
from third party applications, vendors and so on. Often data
generated by large enterprises or by large distributed sys-
tems is so large and complex that traditional data processing
applications such as traditional databases, spreadsheet appli-
cations, and so on are inadequate for processing the data.
The capacities of conventional data processing systems keep
increasing every year. Accordingly, the data that is consid-
ered big data at some point in time may not be big data at
a later point in time. As a result, the threshold size of data
that qualifies the data as big data is a moving target.
[0024] Data typically considered big data has one or more
of the following characteristics. The volume (or size) of the
data is typically very large (above a threshold value). The
dataset includes a variety of data, for example, a mix of
structured and unstructured data and/or a mix of data having
different structures, format, and so on. The data is typically
generated on a regular basis, for example, data is constantly
produced by systems of an enterprise. Data is complex and
typically generated by multiple sources and needs to be
linked and correlated in order to process the information.

Sep. 24, 2020

[0025] Data analysis of such data is performed by distrib-
uted systems using complex software that often requires
involvement of software developers or data engineers.
Embodiments allow data scientists to perform analysis of
such data without requiring them to learn complexities of the
underlying system and data representations. Furthermore,
embodiments support high-level data analytics functionality,
thereby allowing users to focus on the data analysis rather
than low level implementation details of how to manage
large data sets.

[0026] Embodiments of the data analysis system allow
user to interact with the system via natural language queries.
The data analysis system interacts with a user and allows a
user to incrementally build a natural language query that
precisely states the user request. The system presents the end
user with a user interface to build the natural language query.
The user enters a query string as an input for building a
natural language query. As the user enters the query string,
the system prompts the user with alternative suggestions that
may be selected to build a larger query string associated with
the natural language query that the user intends to ask. The
system provides suggestions for a portion (e.g., a prefix) of
a natural language query that could potentially replace the
input query string. The user may accept one of the sugges-
tions and modify it if necessary. The system receives the
next query string that is typically longer than the previous
query string. The system further prompts the user with
suggestions applicable to the longer query string. This
process continues iteratively, thereby allowing the user to
incrementally build the natural language query. The data
analysis system received longer and longer query strings
until the system determines that the query string received is
a specification of a complete natural language query. In an
embodiment, the user provides an indication that the input
query string is a complete query string, for example, by
clicking on a submit button. If the data analysis system
determines that a complete natural language query is
received, the data analysis system executes the complete
natural language query.

[0027] The system analyzes the input query string entered
by the user at each stage to determine an incrementally
larger query string towards building a complete natural
language query. A query string may be a substring of the
natural language query being built, but may not be. The
system may determine that the next portion of the query is
a keyword. Accordingly, the system identifies all applicable
keywords and suggests them to the user. Alternatively, the
system may determine that the next portion of the query is
an expression. Accordingly, the system identifies data set
attributes that may be applicable to the next portion or
operators applicable to the next portion and suggests these to
the user. A dataset attribute can be a column of the dataset,
an expression based on columns of the dataset, or a user
defined metric based on columns of the dataset.

[0028] The system may determine that the next portion of
the query is an operator within an expression. Accordingly,
the system identifies various operators that are applicable to
an operand previously entered and suggests them. For
example, if a numeric operand was selected by the user, the
system may suggest numeric operations (for example, arith-
metic operators such as plus, minus, multiple, divide etc.
rather than logical operators such as AND, OR, and so on.)
If the system determines that the user selected a first operand
and an operator, the system identifies a second operand that
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is applicable to the first operand and the selected operator.
For example, if the user selected a numeric column as a first
operand and a plus operator, the system identifies remaining
numeric columns of the dataset and suggests them (rather
than date columns or string columns.)

[0029] In general, the system associates operators with
types of data that each operator processes. For example, a
logical operator can process boolean data, an arithmetic
operator can process numeric data. A natural language query
template may include an expression that combines one or
more operands with operators. For example, an expression
may specify a first operand combined with a second operand
by an operator. Certain natural language query templates
may limit the operator to a particular set of operators, for
example, boolean operators or arithmetic operators. In an
embodiment, the system receives a selection of a column of
a dataset as the first operand. The system determines alter-
native suggestions for the operator and the second operand
based on the selection of the column corresponding to the
first operand. For example, if the column selected for the
first operand is numeric (i.e., integer, or decimal values), the
system limits the possible suggestions for the operator to
arithmetic operators. Similarly, the system limits the pos-
sible suggestions for the second operand based on the
selection of the first operand. For example, if the column
selected as the first operand stores data of numeric type, the
system may present alternative suggestions for the operator
as arithmetic operator along with alternative suggestions for
the second operand based on other numeric columns of the
dataset.

[0030] Inanembodiment, the system selects the size of the
alternative suggestions (i.e., the number of keywords or
terms suggested) based on the total number of alternative
suggestions for the input query string. Accordingly, the
system avoids presenting the user with too many or too few
suggestions. Presenting the user with too few suggestions
increases the number of iterations that the user is required to
complete a natural language query. On the other hand,
presenting the user with too many suggestions (say hundreds
of suggestions) makes it a poor user experience since the
user had to scroll through a large number of entries to
identify a particular entry. In general, if including N key-
words in the suggested portion results in very few (less than
a threshold say 2 or 3) suggestions, the system suggests
more than N keywords. However, if the number of sugges-
tions is more than a threshold (say 50), the system suggests
alternatives for less than N keywords.

[0031] Furthermore, the system allows users to specify
structure of natural language sentences that are typically
used by users of the system. The system receives informa-
tion describing the arrangement of keywords, attributes of
the dataset processed by the query, and a representation of
an intent of the natural language query. The system stores
this information as a natural language query template. The
system may store a large number of natural language query
templates. If a user provides a natural language query, the
system matches the natural language query against stored
natural language query templates. The process of incremen-
tally building the natural language queries based on sugges-
tions provided by the system ensures that the natural lan-
guage query built conforms to natural language query
templates stored in the system.

[0032] The ability to allow users to specify natural lan-
guage query templates and use them makes the system
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extensible. Furthermore, each set of users interacting with a
system can customize the system to process natural language
queries typically asked in a particular domain. Even though
users may not be able to use arbitrary natural language
sentences to query the system, the data scientists that use the
system are interested in specific types of natural language
queries and not in an ability to use arbitrary natural language
sentences. Data scientists and business experts prefer to be
able to accurately specify their requirements (without having
to learn a complex system) than have the ability to state
arbitrary natural language sentences. Therefore, the systems
disclosed herein provide the right balance of the simplicity
of natural languages with the ability to precisely specify the
requirements.

[0033] The systems disclosed herein also allow users to
extend the system by specifying user defined metrics (or
user defined keywords.) Each enterprise may use specific
metrics for analyzing and presenting information. For
example, one enterprise may measure revenue using one
metric whereas another enterprise may measure revenue
using another metric. Embodiments allow users to define
metrics that can be used in natural language queries. A
natural language query template may be defined based on
user defined metrics. Accordingly, natural language queries
conforming to that natural language query template can use
user defined metrics (as attributes).

[0034] In an embodiment, the user defined metrics are
specified using a syntax that is similar to programming
languages. Therefore, user defined metrics may be defined
by data engineers that are software developers working in
collaboration with data scientists. A user defined metric that
is incorporated in the system can be used by end users (i.e.,
data scientists) for various natural language queries. There-
fore, the effort involved in developing the user defined
metric is a one-time effort that provides benefits to several
users and over several different types of natural language
queries.

[0035] Reference will now be made in detail to several
embodiments, examples of which are illustrated in the
accompanying figures. It is noted that wherever practicable
similar or like reference numbers may be used in the figures
and may indicate similar or like functionality. The figures
depict embodiments of the disclosed system (or method) for
purposes of illustration only. One skilled in the art will
readily recognize from the following description that alter-
native embodiments of the structures and methods illustrated
herein may be employed without departing from the prin-
ciples described herein.

System Environment

[0036] FIG. 1 shows the overall system environment for
performing analysis of big data, in accordance with an
embodiment of the invention. The overall system environ-
ment includes an enterprise 110, a big data analysis system
100, a network 150 and client devices 130. Other embodi-
ments can use more or less or different systems than those
illustrated in FIG. 1. Functions of various modules and
systems described herein can be implemented by other
modules and/or systems than those described herein.
Although the system described herein performs analysis of
big data, the embodiments described herein are applicable to
any kind of data analysis.

[0037] FIG. 1 and the other figures use like reference
numerals to identify like elements. A letter after a reference
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numeral, such as “120q,” indicates that the text refers
specifically to the element having that particular reference
numeral. A reference numeral in the text without a following
letter, such as “120,” refers to any or all of the elements in
the figures bearing that reference numeral (e.g. “120” in the
text refers to reference numerals “120” and/or “120” in the
figures).

[0038] The enterprise 110 is any business or organization
that uses computer systems for processing its data. Enter-
prises 110 are typically associated with a business activity,
for example, sale of certain products or services but can be
any organization or groups of organizations that generates
significant amount of data. The enterprise 110 includes
several computer systems 120 for processing information of
the enterprise. For example, a business may use computer
systems for performing various tasks related to the products
or services offered by the business. These tasks include sales
transactions, inventory management, employee activities,
workflow coordination, information technology manage-
ment, and so on.

[0039] Performing these tasks generates large amount of
data for the enterprise. For example, an enterprise may
perform thousands of transactions daily. Different types of
information is generated for each transaction including
information describing the product/services involved in the
transaction, errors/warning generated by the system during
transactions, information describing involvement of person-
nel from the enterprise, for example, sales representative,
technical support, and so on. This information accumulates
over days, weeks, months, and years, resulting in large
amount of data.

[0040] As an example of an enterprise, an airline may
process data of hundreds of thousands of passengers trav-
eling every day and large numbers of flights carrying pas-
sengers every day. The information describing the flights
and passengers of each flight over few years can be several
terabytes of data. Other enterprises that process petabytes of
data are not uncommon. Similarly, search engines may store
information describing millions of searches performed by
users on a daily basis that can generate terabytes of data in
a short time interval. As another example, social networking
systems can have hundreds of millions of users. These users
interact daily with the social networking system generating
petabytes of data.

[0041] The big data analysis system 100 allows analysis of
the large amount of data generated by the enterprise. The big
data analysis system 100 may include a large number of
processors for analyzing the data of the enterprise 110. In
some embodiments, the big data analysis system 100 is part
of the enterprise 110 and utilizes computer systems 120 of
the enterprise 110. Data from the computer systems 120 of
enterprise 110 that generate the data is imported 155 into the
computer systems that perform the big data analysis.

[0042] The client devices 130 are used by users of the big
data analysis system 100 to perform the analysis and study
of data obtained from the enterprise 110. The users of the
client devices 130 include data analysts, data engineers, and
business experts. In an embodiment, the client device 130
executes a client application 140 that allows users to interact
with the big data analysis system 100. For example, the
client application 140 executing on the client device 130
may be an internet browser that interacts with web servers
of the big data analysis system 100.
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[0043] Systems and applications shown in FIG. 1 can be
executed using computing devices. A computing device can
be a conventional computer system executing, for example,
a Microsoft™ Windows™-compatible operating system
(0S), Apple™ OS X, and/or a Linux distribution. A com-
puting device can also be a client device having computer
functionality, such as a personal digital assistant (PDA),
mobile telephone, video game system, etc.

[0044] The interactions between the client devices 130 and
the big data analysis system 100 are typically performed via
a network 150, for example, via the internet. The interac-
tions between the big data analysis system 100 and the
computer systems 120 of the enterprise 110 are also typi-
cally performed via a network 150. In one embodiment, the
network uses standard communications technologies and/or
protocols. In another embodiment, the various entities inter-
acting with each other, for example, the big data analysis
system 100, the client devices 130, and the computer sys-
tems 120 can use custom and/or dedicated data communi-
cations technologies instead of, or in addition to, the ones
described above. Depending upon the embodiment, the
network can also include links to other networks such as the
Internet.

System Architecture

[0045] FIG. 2 shows the system architecture of a big data
analysis system, in accordance with an embodiment. A big
data analysis system 100 comprises a distributed file system
210, an in-memory cluster computing engine 220, a distrib-
uted data framework 200, an analytics framework 230, and
a user interaction module 240. The big data analysis system
100 may include additional or less modules than those
shown in FIG. 2. Furthermore, specific functionality may be
implemented by modules other than those described herein.
[0046] The distributed file system 210 includes multiple
data stores 250. These data stores 250 may execute on
different computers. In an embodiment, the distributed file
system 210 stores large data files that may store gigabytes or
terabytes of data. The data files may be distributed across
multiple computer systems. In an embodiment, the distrib-
uted file system 210 replicates the data for high availability.
Typically, the distributed file system 210 processes immu-
table files to which writes are not performed. An example of
a distributed file system is HADOOP distributed file system
(HDFS).

[0047] The in-memory cluster computing engine 220
loads data from the distributed file system 210 into a cluster
of compute nodes 280. Each compute node 280 includes one
or more processors and memory for storing data. The
in-memory cluster computing engine 220 stores data in-
memory for fast access and fast processing. For example, the
distributed data framework 200 may receive repeated que-
ries for processing the same distributed data structure stored
in the in-memory cluster computing engine 220. The dis-
tributed data framework 200 can process the queries effi-
ciently by reusing the distributed data structure stored in the
in-memory cluster computing engine 220 without having to
load the data from the file system. An example of an
in-memory cluster computing engine is the APACHE
SPARK system.

[0048] The distributed data framework 200 provides an
abstraction that allows the modules interacting with the
distributed data framework 200 to treat the underlying data
provided by the distributed file system 210 or the in-memory
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cluster computing engine 220 as structured data comprising
tables. The distributed data framework 200 supports an
application programming interface (API) that allows a caller
to treat the underlying data as tables. For example, a
software module can interact with the distributed data
framework 200 by invoking APIs supported by the distrib-
uted data framework 200.

[0049] Furthermore, the interface provided by the distrib-
uted data framework 200 is independent of the underlying
system. In other words, the distributed data framework 200
may be provided using different implementations of in-
memory cluster computing engines 220 (or different distrib-
uted file systems 210) that are provided by different vendors
and support different types of interfaces. However, the
interface provided by the distributed data framework 200 is
the same for different underlying systems.

[0050] In an embodiment, the distributed data framework
200 provides a table based interface for interacting with the
distributed data structures. The table based interface The
table based structure allows users familiar with database
technology to process data stored in the in-memory cluster
computing engine 220. The table based distributed data
structure provided by the distributed data framework is
referred to as distributed data-frame (DDF). The data stored
in the in-memory cluster computing engine 220 may be
obtained from data files stored in the distributed file system
210, for example, log files generated by computer systems of
an enterprise.

[0051] The distributed data framework 200 processes
large amount of data using the in-memory cluster computing
engine 220, for example, materialization and transformation
of large distributed data structures. The distributed data
framework 200 performs computations that generate smaller
size data, for example, aggregation or summarization results
and provides these results to a caller of the distributed data
framework 200. The caller of the distributed data framework
200 is typically a machine that is not capable of handling
large distributed data structures. For example, a client device
130 may receive the smaller size data generated by the
distributed data framework 200 and perform visualization of
the data or presentation of data via different types of user
interfaces. Accordingly the distributed data framework 200
hides the complexity of large distributed data structures and
provides an interface that is based on manipulation of small
data structures, for example, database tables.

[0052] In an embodiment, the distributed data framework
200 supports SQL (structured query language) queries, data
table filtering, projections, group by, and join operations
based on distributed data-frames. The distributed data
framework 200 provides transparent handling of missing
data, APIs for transformation of data, and APIs providing
machine-learning features based on distributed data-frames.
Examples disclosed herein may use SQL syntax for illus-
tration. However, any other type of query language may be
used instead of SQL. Accordingly, various clauses of the
SQL statements may be replaced with corresponding clauses
in the target query language. For example, a SELECT clause
of an SQL statement may be replaced by the corresponding
clause that selects the attributes of a dataset, a WHERE
clause of an SQL statement may be replaced by a corre-
sponding clause that filters the records or rows of a dataset
processed by a statement of the query language.

[0053] The analytics framework 230 supports higher level
operations based on the table abstraction provided by the
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distributed data framework 200. For example, the analytics
framework 230 supports collaboration using the distributed
data structures represented within the in-memory cluster
computing engine 220. The analytics framework 230 sup-
ports naming of distributed data structures to facilitate
collaboration between users of the big data analysis system
100. In an embodiment, the analytics framework 230 main-
tains a table mapping user specified names to locations of
data structures.

[0054] The analytics framework 230 allows computation
of statistics describing data represented as a DDEF, for
example, mean, standard deviation, variance, count, mini-
mum value, maximum value, and so on. The analytics
framework 230 also determines multivariate statistics for a
DDF including correlation and contingency tables. Further-
more, analytics framework 230 allows grouping of DDF
data and merging of two or more DDFs.

[0055] The user interaction module 240 allows a user to
interact with the big data analysis system using natural
language queries. The user interaction module 240 may
provide a user interface to a user via a web browser or via
some custom client applications. The user interaction mod-
ule 240 receives natural language queries provided by users.
The user interaction module 240 analyzes the queries to
generate an execution plan for the natural language query.
The execution plan comprises API (application program-
ming interface) calls to the analytics framework 230 and the
distributed data framework 200. The user interaction module
240 executes the natural language queries to generate the
requested data and provides the result to the user. The user
interaction module 240 may present the results of execution
of a natural language query as textual data or as a chart.

System Architecture of Natural Language Interface

[0056] FIG. 3 shows the system architecture of a user
interaction module for providing a natural language query
interface for users to perform data analysis, according to an
embodiment. The user interaction module 240 includes a
user interface manager 330, a data visualization module 320,
a web server 340, a data upload module 335, a metadata
store 350, and a natural language query processor 310. Other
embodiments may include more, less, or different modules
than those shown in FIG. 3.

[0057] The user interface manager 330 provides user
interfaces to users, allowing the users to interact with the big
data analysis system 100. For example, the user interface
manager 330 provides user interfaces that allow a user to
send natural language queries to the big data analysis system
100. The user interface manager 330 also provides user
interfaces that allow users to extend the natural language
query processor 310 by providing new query templates that
are stored in the query template store 390. In an embodi-
ment, the user interface manager 330 generates web pages
(for example, hypertext markup language (HTML) pages)
based on the type of user interface to be presented. The user
interface manager 330 sends the webpages to the user for
presentation, for example, via a client application 140
executing on a client device 130.

[0058] The data visualization module 320 generates charts
for displaying results of queries. The data visualization
module 320 analyzes results of a query to determine what
type of chart is suitable for rendering certain type of data.
Accordingly, the data visualization module 320 renders the
appropriate chart and presents it to the user via a user
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interface. For example, the data visualization module 320
may visualize certain type of data as a pie chart or a bar chart
and other type of data as a scatter plot. The data visualization
module 320 determines the type of chart suitable for a given
result set and renders the appropriate chart for presentation
to the user.

[0059] The web server 340 allows a client application
running on a client device 130 to interact with the big data
analysis system 100 using web pages. The web server 340
receives web requests from the client device 130. The web
server 340 analyzes the web requests to determine what
information is being requested by the user. For example, a
client application 140 may send a natural language query to
the big data analysis system 100 as a web request. The web
server 340 invokes the required module within the user
interaction module 240 to process the web request. The web
server 340 generates a web page to present the result of the
request to the user via the client application 140.

[0060] The metadata store 350 stores metadata describing
datasets stored in the big data analysis system 100. For
example, the metadata store 350 may describe various data
sets stored in the big data analysis system 100 as well as
various attributes of the data sets. The metadata store 350
stores information describing each attribute, for example,
the type of information stored in the attribute such as integer,
string, timestamp, and so on.

[0061] The data upload module 335 performs upload of
data into the big data analysis system 100. The data may be
uploaded from files that can be in one of different types of
formats, for example, comma separated values, specific
formats of log files, and so on. The data upload module 335
sends a data upload user interface via the user interface
manager 330 to allow the user to provide information
regarding the data. For example, the data upload user
interface allows a user to specify the types of various
columns of a data set indicating whether the columns store
a numeric (integer or decimal) value, string value, date,
timestamp, and so on.

[0062] The data upload user interface also allows a user to
specify if a column is associated with a particular category
type. A category type allows the big data analysis system to
associate data with a fixed number of categorical values. For
example, a column storing age may include values ranging
from 0 to 100. However, the values may be divided into a set
of categories such as young, adult, middle aged, senior, old,
and so on. Each category represents a subset of values that
can be occupied by a variable (or stored in a column.)
Associating a type of value with a category allows better
visualization of data. For example, each category may be
associated with a color that is displayed for data points
associated with the category.

[0063] In an embodiment, the data upload module 335
infers types of data columns by analyzing data values or text
strings in the columns. The data upload module 335 may
identify patterns in the data values to determine types. For
example, data upload module 335 may infer based on the
range of values of a column that the column stores time-
stamps. The data upload module 335 may infer based on
pattern of numbers that a column stores social security
number (since social security numbers are integers of a
particular size with possible separators that occur at specific
positions between digits.)

[0064] In an embodiment, the data upload module 335
infers types by comparing multiple data values stored in a
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data column. For example, the data upload module 335
infers types based on distribution of data values stored in a
column, whether the column stores continuously variable
values, whether the column stores categorical values, ordinal
values, identifiers, or free text. The data upload module 335
presents the inferred data types to the user via the data
upload user interface. The data upload module 335 receives
approval from the user, whether the inferred types are
correct or whether the user want to override the inferred type
provided by the data upload module 335.

[0065] The natural language query processor 310 includes
a query parser 360, a suggestion module 370, a query
execution module 380, a query intent store 325, a user
defined metrics module 345, a user defined metrics store
355, a user defined metrics module 345, a query template
store 390, and a user defined metrics store 355. The natural
language query processor 310 may include other modules
not shown herein. Furthermore, functionality described
herein may be performed by modules different from those
indicated herein.

[0066] The query parser 360 parses natural language que-
ries received from the user. The query parser 360 parses
partial queries received from the user. The query parser
builds a data structure to represent various elements of a
partial natural language query received from user. In an
embodiment, the query parser 360 builds an ordered tree
structure, for example, a trie data structure.

[0067] In an embodiment, the query parser 360 parses a
query string based on a query template. The query parser 360
parses query extensions, for example, a query filter clause or
a pivot clause. The query extension may be in the beginning
of the query or at the end of the query. For example, the
query “when month is July, show relationship between . . .
” includes a query extension (a query filter clause) “when the
month is July” in the beginning of the query. Similarly, the
query “show top product by revenue in August” includes a
query filter clause “in August” in the end. A query template
specifies the position of a query extension in queries con-
forming to the query template.

[0068] The query parser 360 further parses fixed words
and phrases. These include prefixes, for example, “show
relationship™, “forecast”, and so on; conjunctions, for
example, “and”, “or”, “between” and so on; and parameters,
for example, “daily”, “weekly”, “monthly”, and so on. The
query parser 360 parses data attributes in the query. In some
embodiments, the query template specifies certain types for
specific attributes. For example, a query template for queries
of'the form “show top C by X specifies that C is categorical
attribute and X is numeric or a user-defined metric/attribute.
[0069] In an embodiment, the query parser 360 performs
fuzzy parse of the query based on approximate string match.
The query parser 360 uses a phonetic string matching
process, for example, double metaphone process. The user
interaction module 240 may receive a query string generated
by a speech recognition engine. The query parser 360 uses
the phonetic string matching process for the query string
generated by the speech recognition engine. This is so
because the output of speech recognition may not be accu-
rate for variables since the variable names may not be
English words and may not have standard pronunciations.
[0070] In an embodiment, the query parser 360 receives
keywords with typos and replaces them with the correct
keyword. In an embodiment, the query parser 360 uses a
string edit distance between keywords of query string and
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keywords associated with query template to find the correct
keyword. If the query parser 360 determines that a string edit
distance between a keyword of a query and a keyword
expected based on the query template is within a threshold,
the query parser 360 replaces the keyword of the query with
the correct keyword based on the query template.

[0071] The query template store 390 stores query tem-
plates describing various types of natural language queries
that the natural language query processor 310 can process.
Each query template comprises one or more terms or phrases
as well as attributes representing information in a data set.
An attribute may represent a numeric value, a string value,
a category value, a metric, or any other type of information.
An attribute may refer to a column of the data set. For
example, a data set representing information about flights
may include a column storing flight identifiers, flight tim-
ings, whether the flight was late, and so on. These columns
may be specified as inputs to a natural language query. The
query template stores relationships between the terms/
phrases and the attributes. The relationship indicates an
order between the various terms/phrases and attributes. For
example, the template may indicate that the query starts with
a phrase X, followed by a name of an attribute, further
followed by a phrase Y. More specifically, an example query
template indicates that a phrase “show me the relationship
between” is followed by an attribute, followed by keyword
“and”, further followed by another attribute. The natural
language query processor 310 can match queries such as
“show me the relation between arrival_delay and airport”
against this query template.

[0072] The suggestions module 370 receives a partial
natural language query as input and generates suggestions
for terms that can potentially occur after the partial natural
language query or suggestions of query strings that include
more information than the input query string. The partial
natural language query may be a substring of a natural
language query being specified by the user. The suggestion
module 370 compares the terms of the query string input by
the user with templates stored in the query template store
390. The suggestion module 370 compares the terms of the
query string with terms of the query templates in the order
in which the terms occur in the template. The suggestion
module 370 determines whether the input query string is a
prefix of a natural language query based on a matching of the
input query string with the query templates and identifies
terms that can potentially follow the prefix of the natural
language query as determined by the query templates. Alter-
natively, the suggestion module 370 replaces the query
string with a longer query string or a query string specifying
more information compared to the input query string based
on query templates that match the input query string.

[0073] Each query template is associated with a query
intent. The query intent determines the processing per-
formed by the natural language query processor 310 in
response to natural language queries based on that query
template. The query intent store 325 stores information
describing various query intents that can be used by natural
language queries processed by the natural language query
processor 310. A query intent may be identified by a value
that can be enumerated, for example, an integer or a string
value. Each query template stored in the query template
store 390 is associated with a query intent. A query intent
may require specification of one or more attributes (or
columns) of a dataset. The query intent store 325 also stores
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program code (or instructions) for executing natural lan-
guage queries having a particular query intent. The program
code associated with a query intent invokes APIs of analyt-
ics framework 230 or distributed data framework 200.
[0074] An example of query intent is “relationship”
between columns. A query associated with “relationship”
intent indicates that the user is requesting information
describing relationships between two or more columns.
Accordingly, the natural language query processor 310 per-
forms analysis of the specified columns in the query. For
example, if the natural language query processor 310
receives a query requesting relationship between two col-
umns, the natural language query processor 310 invokes
code that may sample data of the two columns and generates
a chart that shows the relationship between the two columns.
[0075] Example queries based on query intent “relation-
ship” are “show relationship between arrival_delay and
arrival_time” that indicates that the user is requesting infor-
mation describing arrival delay and arrival time for a dataset
storing or flight information for airlines. Another example
query for the dataset storing flight information is “describe
relationship between arrival_delay and unique_carrier.”
Another type of query having relationship intent is “relate A
to B.”

[0076] Various embodiments of query templates processed
by the natural language query processor 310 use different
query intents, for example, show relationships, find top n
rows or categories by a numeric measure or KPI, view first
n rows, view random samples, show distribution of a col-
umn, forecast a numeric column or KPI, compute statistics
of a column, compute the value of a KPI, show overall
summary of all columns, show summary of a column, count
number of rows or unique values in a column by a categori-
cal group, plot co-occurence heat map of two categorical
variables, plot density heat map of a numeric variable by two
categorical variables, show geospatial distribution of a
numeric column or user defined metric by geographic fea-
tures (state/county/zipcode, etc.), show geospatial density of
individual data samples, show a numeric column or user
defined metric over time (with different granularity: annu-
ally, quarterly, . . . ), compare two numeric columns or user
defined metrics over time (with different granularity: annu-
ally, quarterly, . . . ), compute trend line of one column by
another column, find top predictors of a variable and their
effects size, and find top segments of data that best predict
another column (propensity to buy/churn, etc.)

[0077] The analysis performed by the natural language
query processor 310 may depend on the type of data stored
in the columns, for example, a different analysis may be
performed if a column stores numeric data as compared to
string data or timestamps. For example, while determining
relationship between two columns, the natural language
query processor 310 determines the type of charts to use for
visualizing the relationship based on the type of data of the
two columns. The natural language query processor 310 may
use a particular type of chart if one or both columns stored
data that can be considered a category. The natural language
query processor 310 may use another type of chart if none
of'the columns stored data that can be considered a category.
Similarly, natural language query processor 310 may deter-
mine the type of chart based on whether one of the columns
represents time.

[0078] The same query intent may be associated with a
plurality of natural language query templates. Each natural
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language query templates may specify the same query intent
in a different may using a different set of natural language
keywords or a different arrangement of attributes and key-
words. A query intent is associated with a set of attributes.
For example, a comparison query intent requires a first
attribute and a second attribute. Similarly a relationship
query intent also requires a first attribute and a second
attribute. The plurality of natural language query templates
associated with a query intent all use the same set of
attributes but different natural language keywords. This is so
because in natural language, the same request can be made
in multiple ways.

[0079] Another example of query intent is “comparison”
between two attributes, for example, columns of datasets.
Typically a query having a “comparison” specifies two (or
more) columns and requests information comparing the two
columns. An example of a query with query intent “com-
parison” is “compare arrival_delay with arrival_time.” This
query indicates that the user is requesting information com-
paring arrival delay and arrival time for the airlines dataset.
Another example of a query with query intent “comparison”
is “compare AA and DL in terms of arrival_delay” where
AA and DL are two columns of the airlines dataset. Other
examples of queries with query intent “comparison” is
“compare arrival_delay with arrival_time over time” (re-
questing comparison information varying with time) and
“compare arrival_delay of AA and DL for last quarter”
(specifying a time interval for which the comparison is
requested.

[0080] A query template may specify one or more of: data
attributes (for example, a numeric attribute or a user defined
metric), words or phrases, or phrase patterns. A phrase
pattern may specitfy regular expressions, enumerated values,
constant values, and so on. For example, a phrase pattern
may specify that a particular component of a query based on
a query template matches [“daily”, “monthly”, “annually”].
Accordingly, that component of the query can take any of
the values enumerated, for example, “daily”, “monthly”, or
“annually”.

[0081] In an embodiment, a query template is associated
with custom constraint functions. For example, the query
template may include a system defined or user defined
metric “weekly revenue”. The metric is associated with a
time interval (weekly). The query template is of the form,
“show C for X” where C is a metric and X is a time interval.
For example, the system receives a query “show weekly
revenue for this year”. In this example C="weekly revenue”
and X="this year.” The query template is associated with a
custom constraint that specifies that the time interval asso-
ciated with X must be larger than the time interval associated
with C. The system determines the time intervals for the
query components corresponding to C and X and checks if
the custom constraint is satisfied. Since components C is
associated with a time interval “week” and component X is
associated with the time interval “year”, the query satisfies
the custom constraint since a week is smaller than a year. In
contrast, the system determines that the query “show annual
revenue for thia week” does not satisty the custom constraint
since the component C (annual revenue) is associated with
a “year” and the component X is associated with a time
interval “week” and a year is longer than the week.

[0082] In general, the query template store 390 stores
query templates that may include custom constraints. A
custom constraint comprises an expression based on the
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properties of various components of the query. The expres-
sion corresponding to the query template evaluates to a true
or false value. The natural language query processor 310
receives a query and checks whether the query matches a
query template. The natural language query processor 310
identifies the various components of a query bby matching
the query with the query template. The natural language
query processor 310 evaluates the expression corresponding
to the custom constraint associated with the query template.
If the custom constraint evaluates to true, the natural lan-
guage query processor 310 proceeds with execution of the
query. If the custom constraint evaluates to false, the natural
language query processor 310 returns an error indicating that
the query is invalid and cannot be processed.

[0083] The query execution module 380 executes a query
once the complete query is received from the user. The query
execution module 380 invokes the query parser 360 to parse
and validate the query. The query execution module 380
identifies the query intent of the input query and checks if all
attributes (e.g., columns) required for the intent are specified
by the query. The query execution module 380 identifies the
program code associated with the intent and executes the
program code using the attributes and any relevant infor-
mation specified by the query. The query execution module
380 provides the results to the data visualization module 320
that generates a visualization based on the result, for
example, a chart. The visualization module 320 provides the
visualization information to the user interface manager 330
that sends the results and the visualization to the client
application 140 for presentation to the user.

[0084] The user defined metrics store 355 stores defini-
tions of user defined metrics received from the user. The user
defined metrics store 355 associates keywords (or phrases or
aliases) that identify specific user defined metrics with the
definitions of the user defined metrics. The definition of each
user defined metric is stored as expressions specified using
a well-defined syntax, for example, syntax of a program-
ming language.

[0085] The user defined metrics module 345 receives and
processes user defined metrics. The user defined metrics
module 345 maps keywords (or phrases) to expressions
defining each user defined metric. The user defined metrics
module 345 is invoked by the natural language query
processor 310 for processing natural language queries based
on user defined metrics. The user defined metrics module
345 provides a representation of the user defined metric to
the natural language query processor 310 for generating
underlying queries for processing the data of the dataset
based on the intent of the natural language query. For
example, if the user defined metric performs an aggregation,
the user defined metrics module 345 determines the expres-
sion that specifies the aggregation operation. The natural
language query processor 310 generates the underlying
dataset query for performing the aggregate operation, for
example, an SQL (structured query language) query. The
query execution module 380 executes the underlying dataset
queries to generate the result set based on the natural

language query.
Interactive Process for Building Natural Language Query

[0086] FIGS. 4A-4E show screenshots of a user interface
illustrating the process of iteratively defining a natural
language query for big data analysis, according to an
embodiment. The screenshots show how an example query
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is iteratively defined via interactions between the user and
the user interaction module 240. The suggestions module
370 of the natural language query processor 310 receives a
substring of a natural language query (for example, a prefix
or any portion of the natural language query) from the user
via the user interface of client application 140. The sugges-
tions module 370 determines alternative suggestions for the
user and presents these suggestions to the user. The sugges-
tions module 370 does not necessarily provide suggestions
that complete the full query since there can be a very large
number of ways to complete a natural language query. Even
though the suggestions module 370 could determine all
possible ways to complete the natural language queries,
presenting such a large number of suggestions provides poor
user experience since the user has to scroll thorough a very
large number of options to arrive at the desired result.
Therefore, the suggestions module 370 determines one or
more terms that form a portion of various alternatives for
completing the remaining natural language query. Accord-
ingly, the suggestions module 370 helps the user incremen-
tally build the natural language query based on incremental
suggestions presented to the user.

[0087] As shown in FIG. 4A, the client application 140
receives the prefix 410a having a single keyword “show”.
The suggestions module 370 identifies a few keywords of
natural language queries that can be presented to the user as
alternative suggestions for completing the natural language
query. The suggestions module provides these suggestions
to the user via the client application 140. For example, as
shown in FIG. 4A, the terms “breakdown of”, “top”, “sum-
mary”, “histogram of” and so on are presented to the user as
alternative suggestions for continuing to build the query.

[0088] The user may select one of the suggestions or add
one or more terms manually. In other words, the suggestions
module 370 receives a selection of the suggestions presented
to the user or a manually entered prefix of the natural
language query that is longer than the prefix previously
received. As shown in FIG. 4B, the user continues manually
entering the query terms. Accordingly, the suggestions mod-
ule 370 receives the query prefix 4106 “show re”. The
suggestions module 370 matches the prefix 4105 against
query templates to determine that the only query template
that can be used to complete the query is the template for
showing a relationship between two attributes (or columns
of a dataset.) The suggestions module determines that add-
ing two new keywords to the input prefix (i.e., “relationship”
and “between”) results in a single alternative suggestion for
the user.

[0089] The suggestions module 370 determines that a
single alternative is below a low threshold number of
alternatives that should preferably be presented to the user.
Accordingly, the suggestions module 370 continues to deter-
mine additional terms that can be suggested. Based on the
query template for showing relationship, the suggestions
module 370 determines that the next term is an expression.
However, the suggestions module 370 determines that the
number of alternatives of the full expression is too large for
presentation as suggestions (i.e., more than a high thresh-
old.) Accordingly, the suggestions module 370 selects a
portion of the expression to suggest, i.e., a single operand of
the expression. The first term of the expression (i.e., an
operand) can be a column of the dataset being processed.
Accordingly, the suggestions module 370 identifies all col-
umns that can be presented as suggestion based on the query
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template definition. Furthermore, the suggestions module
370 determines that the only operator for the expression
applicable to this query is “and” and accordingly adds it to
the suggestions (since adding the operator does not cause the
number of alternatives to exceed a high threshold.) As
shown in FIG. 4B, the suggestions module 370 presents
suggestions of the form “show relationship between” fol-
lowed by a column name, further followed by keyword
“and.”

[0090] As shown in FIG. 4C, the user selects one of the
suggestions from FIG. 4B, i.e., the suggestion “show rela-
tionship between price and.” The suggestions module 370
receives the new prefix 410c¢ (which is larger than the
previous prefixes received, i.e., prefixes 410a and 4105.)
The suggestions module 370 determines based on the match-
ing query template that the next term (or terms) to be
suggested is an operand. The suggestions module 370 sug-
gests various columns that can be used to build the expres-
sion and continue building the natural language query.
[0091] If the suggestions module 370 determines that the
next term that can occur after a given prefix based on one or
more matching natural language query templates is an
operand, the suggestions module 370 identifies all column
names of the dataset that can be used as the operand for the
given context in the natural language query. If the user enters
a part of the name of the operand the suggestions module
370 identifies all the operands that begin with the string and
suggests them. For example, if the user enters a string “arr”
as the prefix of the operand, the suggestions module 370
identifies operands having names of the format “arr™”, i.e.,
names having “arr” as the prefix. The suggestions module
370 may perform a search over all column names of the
datasets being queried to identify names of the form “arr®”.
The suggestions module 370 prepares alternative sugges-
tions to present to the user based on the identified column
names. The suggestions module 370 prepares prefixes for
potential natural language queries that are longer than the
prefix entered by the user and presents them to the user.
[0092] FIG. 4D shows that the user selected an alternative
suggested in FIG. 4C. Accordingly, the next prefix 410d
received by the suggestions module 370 is “show relation-
ship between price and lotsize.” The suggestions module
370 determines that this is a full natural language query that
the user may be interested in providing. However, based on
the matching query template, the suggestions module 370
determines that user could continue providing additional
keywords. Accordingly, the suggestions module 370 pro-
vides two suggestions, the current input prefix itself as a
natural language query and an additional keyword “where”
that the user can provide to continue building the natural
language query.

[0093] FIG. 4E shows that the user selected the alternative
“show relationship between price and lotsize where”,
thereby indicating that the user wants to continue building
the natural language query. The suggestions module 370
determines based on the matching natural language query
template that the prefix provided by the user is followed by
another expression. Accordingly, the suggestions module
370 provides suggestions for the first operand of the expres-
sion. The suggestions module 370 determines that the user
further provided the term “b” as the prefix for the operand.
Accordingly, the suggestions module 370 limits the sugges-
tions to all columns that have “b” as a prefix, i.e., bathrooms
and bedrooms.
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[0094] FIG. 4F shows the user interface of the user inter-
action module 240 receiving a query with a typo in it. As
shown in the figure the query includes a typo in the keyword
“relationship”. The natural language query processor 310
matches the keyword with typo with keywords based on the
query templates using a string edit distance and identifies
suggestions based on the matching.

[0095] FIG. 4G illustrates that the query string 410g
received by the user interface of the user interaction module
240 can be a substring of the final natural language query or
any query string associated with the final natural language
query. Accordingly, user interaction module 240 determines
whether the string 410g is be a prefix of the natural language
query, a suffix of the natural language query, any portion
occurring within the natural language query, or a query
string that is semantically equivalent to a substring of the
natural language query and can be replaced with the sub-
string.

[0096] FIG. 4H illustrates that the suggestions presented
by the natural language query processor 310 are determined
based on the query templates that semantically match the
query string 410/ being received. Accordingly, the query
string may not even be a part of the suggestions or a part of
the final natural language query that is suggested.

[0097] FIG. 41 shows the user interface of the user inter-
action module 240 receiving a query string 410; and pre-
senting suggestions based on multiple query templates. The
user interaction module 240 presents the suggestions cat-
egorized by the query templates used for the suggestion. The
user interaction module 240 groups the suggestions and
presents each group with information 425 describing the
category. In an embodiment, the user interaction module 240
associates each query template with a description and pres-
ents the description of the matching query template as the
information 425 describing a category of suggestions.

[0098] The user is assumed to complete the query as
“show relationship between price and lotsize where bed-
rooms=3". FIG. 5 show a screenshot of a user interface
illustrating the result of execution of a natural language
query for big data analysis defined in FIGS. 4A-4E, accord-
ing to an embodiment. The data visualization module 320
determines the type of visualization that is relevant to the
natural language query input by the user. Accordingly, the
data visualization module 320 selects a scatter plot for
displaying the results. The user interface manager renders
the chart and sends for display to the user via the client
application 140 of the client device 130.

[0099] As shown in FIG. 5, the data visualization module
320 selects the price along the Y-axis 510 plotted against the
lotsize displayed against the X-axis 520. The data visual-
ization module 320 also includes the query 530 along with
the chart for display. The data visualization module 320
identifies certain portions of the natural language query as
information describing the data set being displayed. For
example, the condition following the “where” keyword is
identified as the filter clause that is displayed as constraints
540 associated with the data set displayed.

[0100] FIG. 6 illustrates the interactions between a client
application, a user interaction module, and the distributed
data framework module to execute natural language queries,
according to an embodiment of the invention. Various steps
indicated in FIG. 6 may be performed by modules different
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from those indicated in the description herein. Furthermore,
certain steps may be performed in an order different from the
order indicated in FIG. 6.

[0101] The client application 140 interacts with a user via
a user interface that receives 620 input provided by the user
and presents results based on input provided by the user. The
client application 140 displays a query user interface that
allows the user to input a natural language query for per-
forming big data analysis. The query user interface receives
620 a portion of a natural language query from the user. The
portion of natural language query received by the query user
interface is a query string associated with a natural language
query or a substring of a full natural language query that the
user intends to provide as input. In an embodiment, the
query string received by the query user interface may not be
part of the final natural language query or the suggestions
presented by the query user interface to the user. The natural
language query processor determines the suggestions or the
final natural language query based on the query string
received by the query user interface.

[0102] A natural language query comprises a sequence of
terms provided by a user. For example, a natural language
query may specity “show me the relationship between A and
B.” The natural language query user interface starts receiv-
ing the natural language (NL) query by first receiving the
prefix “show.” Next, the natural language query Ul receives
the prefix “show me,” followed by the prefix “show me the,”
followed by “show me the relationship,” and so on.

[0103] The client application 140 sends 625 the query
string associated with the natural language query received to
the user interaction module 240. The user interaction module
240 determines 630 suggestions of one or more terms for the
received query string. The details of how the user interaction
module 240 determines 630 the suggestions of terms are
further described herein, for example, in FIGS. 7 and 8. The
user interaction module 240 sends 635 the determined
suggestions to the client application 140 for display. The
client application 140 displays the suggestions to the user.
The client application 140 may receive an indication of a
selection of a suggestion from the user. Alternatively, the
client application 140 may receive 620 one or more new
terms entered by the user instead of the suggestions provided
by the user interaction module 240. The terms corresponding
to a selected suggestion or the new terms received from the
user are added to the prefix of the natural language query to
form a longer prefix of the natural language query. Alterna-
tively a suggestion representing a larger query string or a
different query string may be selected and presented.
[0104] The interactions formed by steps 620, 625, 630,
635, and 640 may be repeated 610 multiple times until the
natural language query is completed. The client application
140 receives from the user, an indication that the natural
language query is complete. For example, the user may
indicate that the natural language query is complete by
clicking on a submit button. Accordingly, the client appli-
cation 140 submits 645 the full natural language query to the
user interaction module 240.

[0105] The user interface module 240 receives the natural
language query from the client application 140. The user
interface module 240 generates 650 an execution plan for
executing the natural language query. In an embodiment, the
execution plan comprises calls to one or more APIs (appli-
cation programming interface) of the analytics framework
230 and/or distributed data framework 200. The analytics
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framework 230 may further translate the calls to APIs of the
analytics framework 230 to calls to APIs of the distributed
data framework 200. The user interaction module 240 sends
655 instructions corresponding to the natural language query
to the distributed data framework 200 (and/or the analytics
framework 230).

[0106] The distributed data framework 200 and/or the
analytics framework 230 execute the received instructions
and process the data as requested by the natural language
query. The distributed data framework 200 sends requests
for processing of the instructions to the in-memory cluster
computing engine 220. The distributed data framework 200
determines the result of the natural language query and
sends 665 the results to the user interaction module 240.
[0107] The user interaction module 240 renders 670 a
chart based on the results received from the distributed data
framework 200. In an embodiment, the user interaction
module 240 determines the type of chart to be rendered
based on the intent of the natural language query, types of
columns processed by the natural language query, and the
result set received. The user interaction module 240 sends
675 the rendered chart to the client application 140 for
display. The client application 140 displays the chart to the
user via the display of the client device 130.

[0108] The details of the process used for determining 630
the suggestions of terms for completing a natural language
query are further described herein. FIG. 7 illustrates the
process of identifying suggestions for completion of a
natural language query, according to an embodiment of the
invention. The user interaction module 240 receives 710 an
input prefix of a natural language query from the client
application 140. This step is similar to step 620 of FIG. 6.
[0109] The suggestion module 370 matches 720 the input
query string against templates of natural language queries
stored in the query template store 390. The suggestion
module 370 identifies terms of the input query string and
matches the terms of query templates in the order in which
the terms occur in the natural language query and the order
in which the query template expects the terms. If certain
term of a received query string comprises a name of a
column of the dataset, and the corresponding term in the
query template expects an attribute, the suggestion module
370 considers the two terms to match. Typically a query
template includes generic terms that match specific types of
terms of natural language queries. For example, the query
template may specify that a term can be an attribute or a user
defined metric. If the corresponding term of a query string
is a user defined term called revenue, the two terms are
determined to match.

[0110] The user interaction module 240 determines the
terms to be suggested in response to the received query
string. The suggestions do not necessarily complete the
natural language query. Instead the suggestions allow the
user to increase the size of the query string by adding one or
more terms. Accordingly, the user may generate larger and
larger prefixes by using the suggestions until the natural
language query is completed. A suggestion represents one or
more terms that form a portion of a sequence of terms that
can be used for completing the natural language query. In
other words, a suggestion is a portion of an alternative for
the remaining natural language query.

[0111] The suggestion module 370 determines 730 the
number of terms to suggest based on the total number of
alternatives. For example, if the suggestion module 370
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selects a single term to suggest, the number of alternative
suggestions may be nl. If the suggestion module 370 selects
two terms to suggest, the number of alternative suggestions
may be n2. The value of n2 is greater than nl since the
number of alternatives for two terms includes all the nl
alternatives of single terms with possibly multiple combi-
nations for each single term. For example, if the prefix
natural language query is “show me the relationship,” the
suggestion module 370 may select a single term “between”
as a suggestion. However, if the suggestion module 370
selects two terms, the number of combinations of two terms
can be many, for example, “between X,” “between Y,”
“between Z,” and so on. Accordingly, each single term may
be associated with multiple values of the second term.
Similarly, if the suggestion module 370 selects three terms
to suggest, the number of alternative suggestions based on 3
terms is n3 that is greater than nl.

[0112] The suggestion module 370 selects a number of
terms based on the number of alternative suggestions based
on the number of terms. More specifically, the suggestion
module 370 selects a number of terms that results in alter-
native suggestions that are not too few and not too many. In
other words, if possible, the suggestion module 370 selects
a number of terms that results in a number of alternatives
that are more than a low threshold value and less than a high
threshold value. For example, the low threshold value may
be 4 and the high threshold value may be 20. The suggestion
module 370 selects fewer than the high threshold value
because presenting more alternatives provides a poor user
experience. The suggestion module 370 maintains a low
threshold value since presenting very few alternatives makes
the overall process of iteratively defining the natural lan-
guage query slow. Accordingly, if possible, the suggestion
module 370 presents the user with more terms, thereby
allowing the user to define the natural language query faster.
[0113] As an example, if the suggestion module 370
presents 50 alternatives (or any large number of alternatives)
to the user, the user needs to scroll through a very large
number of values to identify a suggestion and also the large
number of value may not display properly on the screen. In
an embodiment, the suggestion module 370 selects the value
of'the low threshold and high threshold based on the type of
client device 130 on which the suggestions are being dis-
played. For example, the suggestion module 370 may select
smaller values of high threshold for small screen devices
such as smartphones and larger values of high threshold for
large screen devices such as desktop machines.

[0114] The suggestion module 370 ranks 740 the sugges-
tions for presentation to the user. In an embodiment, the
suggestion module 370 ranks the suggestions in an alpha-
betic order. The suggestion module 370 may rank sugges-
tions based on other criteria, for example, based on historical
data indicating which suggestions are more likely to be
selected by a user. The suggestion module 370 may use
historical data based on a specific user that is currently
interacting with the system or based on historical data of a
large number of users of the system.

[0115] The suggestion module 370 sends 740 the ranked
alternatives to the user interface manager 330 for presenta-
tion to the user via the client application 140. The user
interface manager 330 sends the alternatives to the client
device 130 for presentation via the client application 140.

[0116] The user interface manager 330 receives 760 the
selection of one of the alternatives presented to the user. For
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example, the user may scroll through the alternatives and
select a particular alternative by clicking on the alternative
suggestion. The user interface manager 330 provides the
selected suggestion to the suggestion module 370. The
suggestion module 370 determines whether the query is
complete or the user should be presented with further
alternatives. In an embodiment, the client application 140
receives a request to execute the query from the user and
provides an indication to the natural language query pro-
cessor 310 to execute the query. The query execution
module 380 executes 760 the query. In an embodiment, the
query execution module 380 generates the execution plan
for executing the query as illustrated in FIG. 6.

[0117] In an embodiment, the suggestions module 370
selects alternative suggestions so as to maintain a total
number of alternative suggestions within a low threshold
value and a high threshold value. The suggestions module
370 selects an alternative suggestion with a high number of
terms compared to an alternative suggestion with a low
number of terms if the total number of alternative sugges-
tions based on the low number of terms is below a low
threshold. For example, if the total number of alternative
suggestions based on 2 terms is very small (say 3), the
suggestions module 370 uses more terms in alternative
suggestions, say 3 terms or 4 terms. Similarly, suggestions
module 370 selects an alternative suggestion with a low
number of terms compared to an alternative suggestion with
a high number of terms if the total number of alternative
suggestions based on the high number of terms is above a
high threshold. For example, if the total number of alterna-
tive suggestions based on 6 terms is very large (say 100), the
suggestions module 370 uses fewer terms in alternative
suggestions, say 5 or 4 terms.

[0118] FIG. 8 illustrates the process for determining of the
size of suggestions for a prefix of a natural language query,
according to an embodiment of the invention. The user
interaction module 240 receives 810 an input prefix of a
natural language query from the client application 140. The
suggestion module 370 identifies 820 query templates stored
in the query template store 390 that match the input natural
language query prefix.

[0119] In an embodiment, the suggestion module 370
matches a query template by matching each term of the
query template against the terms of the natural language
query prefix. The suggestion module 370 may traverse the
terms of the natural language query prefix and the query
template in an order, for example, starting with the first term
and matching each subsequent term.

[0120] If a term represents a keyword of the natural
language sentence, the suggestion module 370 performs a
string comparison of the term from the natural language
query prefix and the term from the query template. If a term
represents an attribute, for example, a column or a metric,
the suggestion module 370 determines whether the specific
instance of the term from the natural language query prefix
is of the type of attribute specified by the query template at
that position.

[0121] If the specific instance of the term from the natural
language query prefix is of the type of attribute specified by
the query template at that position, the suggestion module
370 determines that the two terms match and continues
matching subsequent terms. If the specific instance of the
term from the natural language query prefix is not of the type
of attribute specified by the query template at that position,
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the suggestion module 370 rejects the query template as not
matching the input query prefix. Accordingly, the suggestion
module 370 identifies a set of query templates that match the
input query prefix.

[0122] The process illustrated in FIG. 8 is repeated after
every suggestion accepted by a user, as shown in FIG. 7.
Accordingly, the suggestion module 370 matches the input
query prefix against the set of query templates that matched
the input query prefix of the previous iteration. This is so,
because in each iteration, the sizes of the input query prefix
increase by one or more terms. Accordingly, the number of
query templates that match the input query prefix for an
iteration is a subset of the set of query templates that match
the query prefix of the previous iterations. In other words, at
each iteration, the suggestion module 370 identifies the
query templates of the previous iteration that still match the
query prefix after adding the one or more terms.

[0123] The suggestion module 370 initializes 830 the
number of terms to be suggested to 1. Accordingly, the
suggestion module 370 determines 840 the number of alter-
native suggestions of single terms that can be added to the
input query prefix based on the matching query templates.
The suggestions module 370 determines alternative sugges-
tions of N terms for each matching query template. For
example, if N=1, a first query template may provide a single
alternative whereas another query template may provide
multiple alternatives. The suggestions module 370 deter-
mines 850 the total number of alternative suggestions for all
matching query templates (say T).

[0124] The suggestions module 370 compares the value of
T with a low threshold and a high threshold. The low
threshold is a parameter indicating that the number of
suggestions is low and the suggestions module 370 should
determine more suggestions. The suggestions module 370
increases the number of terms in suggestions to increase the
total number of alternative suggestions. The high threshold
is a parameter indicating that the number of suggestions is
high and would result in poor user experience and accord-
ingly, the suggestions module 370 should reduce the number
of suggestions if possible. The suggestions module 370
reduces the number of terms suggested to reduce the number
of alternative suggestions. Accordingly, the suggestions
module 370 determines the number of terms suggested
based on the number of alternative suggestions.

[0125] The suggestions module 370 compares 860 the
value T (of number of alternative suggestions of all match-
ing queries based on N terms) with the low threshold value.
If the value of T is below the low threshold value, the
suggestions module 370 increments the value of N and
repeats the steps 840 and 850 to determine a new set of
alternative suggestions of N terms based on all matching
templates. If the value of T is not less that the low threshold,
the suggestions module 370 compares 860 the value T with
the high threshold value. If the value of T is determined to
be higher than the high threshold, the suggestions module
370 decrements the value of N and uses the suggestions for
N terms, where the value of N is reduced. The suggestions
module 370 decreases the value of N unless N=1, in which
case the suggestions module 370 uses the current sugges-
tions determined for N=1. The suggestions module 370
sends the suggestions to the user interface manager 330 for
presentation to the user.

[0126] Insome embodiments, the suggestions module 370
increments 860 the value of N for some of the alternatives
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but not all. For example, assume that the current value of N
is two and there are two alternatives x1 and x2. The
suggestions module 370 checks the number of alternatives
contributed by x1 if N is incremented and the number of
alternatives contributed by x2 if N is incremented. For
example, x1 contributes to nl alternatives and x2 contributes
to n2 alternatives if N is incremented. The suggestions
module 370 determines that nl+n2 exceeds the high thresh-
old. Accordingly, the suggestions module increments N for
only a subset of alternatives available. For example, the
suggestions module 370 may suggest n2 alternatives of size
N+1 based on x2 but leave x1 as a single alternative based
on size N. If the user selects alternative x1, the suggestions
module 370 eliminates all alternatives based on x2 and
suggests the nl alternatives based on x1. If the user selects
any alternative based on x2, the suggestions module 370
eliminates the alternative based on x1, and continues
expanding the alternative selected by the user.

[0127] If the suggestions module 370 determines that a
term to be included in the suggestions is a column name or
user defined metric, the suggestions module 370 identifies
and lists all the column names of the dataset and user defined
metrics that may be applicable in a given context within the
query template. If the input query string includes a particular
prefix or portion of the column name or user defined metric,
the suggestions module 370 limits the number columns and
user defined metrics included in the suggestions to the
columns/metrics that start with the particular prefix or
contain the portion of the column name.

[0128] The suggestions module 370 allows queries to be
“extended” with either a filter clause or a pivot clause. The
framework detects that a particular term is in the query
portion or in the extension portion based on the query
template. If the suggestions module 370 determines that a
term represents a column in the pivot portion of the query
extension, the suggestion module 370 identifies categorical
columns and generates suggestions based on the categorical
columns. This is so because categorical columns store a
finite number of distinct values and a user is likely to
breakdown results by a categorical column.

[0129] In contrast, is a term represents column names
within the query portion (and not the extension portion), the
suggestion module 370 determines suggestions based on all
columns (whether or not they are categorical). If the sug-
gestion module 370 determines that a term is in the filter
clause, the suggestions module 370 may suggest column
names as well as values. More specifically, if the suggestions
module 370 determines that a term represents a left operand
of an expression of the filter clause (where the expression is
of the form <left operand><operator><right operand>), the
suggestion module 370 suggests column names. More spe-
cifically, if the suggestions module 370 determines that a
term represents a right operand of an expression of the filter
clause, the suggestions module 370 determines suggestions
based on values stored in the column of the left hand. For
example, if input query string includes a filter clause speci-
fied as “where airport=S”, the suggestions module 370
identifies values stored in the airport column that start with
“S”, for example, “SFO”, “SIC” and so on.

[0130] If the suggestions module 370 determines that the
left operand of a filter clause is a numeric column, the
suggestions module 370 determines suggestions based on
summary statistics based on values stored in the column
corresponding to the left operand. For example, the sugges-
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tions may include filter clauses that constrain the results of
the natural language query by expressions based on the
summary statistics. In an embodiment, the suggestions mod-
ule 370 determines different percentile values based on
values stored in the column and suggests ranges based on the
percentile values. For example, if the suggestions module
370 determines that the 25th, 50th (median) and 75th
percentile values for a column arrival_delay (specified as the
left operand) are v1, v2, and v3 respectively, the suggestions
module 370 may include in suggestions expressions ‘“for
arrival_delay <v1,” “for arrival_delay between v1 and v2,”
and “for arrival_delay>v3.” IN general, the suggestions
module 370 identifies a plurality of percentile values includ-
ing a low percentile and a high percentile. The suggestions
module 370 includes a suggestion based on a condition
identifying values of the column that are less than the low
percentile value, a suggestion based on a condition identi-
fying values of the column that are greater than the high
percentile value, and a suggestion based on a condition
identifying values of the column that are between the low
and the high threshold values.

[0131] In an embodiment, the suggestions module 370
supports a fast forwarding feature that allows execution of a
partially filled query. The suggestions module 370 incre-
mentally shows suggestions for a partially entered query.
The natural language query processor 310 receives user
selections for the suggestions. This process may be repeated
a few times. At some stage, while the user has not specified
the complete query, the user may enter a special character
indicating the user is submitting the partially entered query.
If the natural language query processor 310 determines that
all canonical parameters of the query are available in the
partially entered query, the natural language query processor
310 fills the remaining parameters based on default values
available for the query template. For example, the natural
language query processor 310 may complete a partically
entered query “forecast revenue”, to a full natural language
query “forecast revenue the next 30 days by order_date”
where the various parameters are filled based on default
values for the query template for forecasting revenue. The
natural language query processor 310 executes the complete

query.

Extensible Architecture for Natural Language Queries for
Big Data Analysis

[0132] The query template based architecture for process-
ing natural language queries for big data analysis allows
users to extend the set of query templates by adding new
query templates to the query template data store 390. An
enterprise or organization that uses the big data analysis
system 100 may perform data analysis for a specific domain,
for example, finance, or scientific information. Accordingly,
the users of that enterprise or organization typically need a
restricted vocabulary applicable to that particular domain. In
other words, such organizations/enterprises do not need a
very generic natural language query processor that can take
arbitrary natural language query. The ability to add query
templates allows organizations/enterprises to build their
own database of query templates that is capable of process-
ing the typical queries that users perform in that domain. As
new types of natural queries are identified, a system admin-
istrator or a privileged user may add newer query templates.
The data analysis system may store multiple query templates
having the same query intent. Accordingly, the data analysis
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system allows users to specify different types of natural
language sentences for specifying the same set of instruc-
tions. For example, the data analysis system may allow users
to specify a query intent of comparing two columns as any
one of sentences: “show me comparison of X and Y”,
“compare X and Y”, “please compare X with Y and so on.
The query intent is associated with a set of attributes. The
queries based on a query intent take as input the set of
attributes associated with the query intent. For example, the
query intent of comparing two attributes takes as input at
least a first attribute and a second attribute. Each of these
query templates specifies the same set of attributes, i.c., the
set of attributes associated with the query intent.

[0133] FIG. 9 shows a user interface for allowing users to
add templates for natural language queries for big data
analysis, according to an embodiment of the invention. The
user interface manager 330 presents the user interface shown
in FIG. 9 to a user via a client application 140. The user
interface manager 330 receives information provided by a
user via the user interface shown in FIG. 9 and provides the
information to the natural language query processor 310 for
validating and storing in the query template store 390.
[0134] The user interface 910 includes a widget 920 to
allow a user to input a query intent. The query intent
determines the processing performed by queries matching
the natural language query template. For example, the query
intent may specify that the natural language query template
is for queries that determine an association between two
attributes (or columns) of a dataset. Another query intent
may specify that the natural language query template is for
queries that perform forecasting. Another query intent may
specify that the natural language query template is for
performing comparison of attributes of the dataset.

[0135] The widget 920 allows the user to select from all
available query intents, i.e., query intents previously defined
by the natural language query processor 310 and stored in
the query intent store 325. A query intent is defined by
associating a query intent identifier (a string, integer, or any
other identifier), with instructions or code for processing
queries identified as having that query intent. The code or
instructions for a query intent are stored in the query intent
store 325. The query template identifies various parameters
that are used by the instructions of the query intent.
[0136] As an example, if the query intent defines a rela-
tionship between two columns of a query, the query template
identifies the two columns. For example, the query template
comprising components: the phrase “show me the relation-
ship between”, a first column, the term “and”, and a second
column provides the first column and second column as
parameters to the instructions for query intent defining
relationship between two columns. A specific query, for
example, “show me the relationship between arrival_delay
and airport” is matched against the above query template to
determine that the first column name is “arrival_delay” and
the second column name is “airport.” The natural language
query processor 310 processes this query by matching the
query against the query template to determine that the query
intent corresponds to showing relationship between two
columns, identifying the names of the two columns (i.e.,
arrival_delay and airport), and invoking the set of instruc-
tions corresponding to the query intent by providing the
identified column names as parameters.

[0137] In an embodiment, the widget 920 presents all
available query intents as string values via a drop down list.
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The widget 920 also allows users to define a new query
intent. If the user interface 910 receives a request to define
a new query intent, the user interface 910 may present the
user with other user interfaces to provide a definition of the
query intent. The user interface includes a widget for speci-
fying instructions corresponding to the query intent. For
example, the user interface may include a widget that
identifies a file storing the set of instructions for the query
intent. The information received for defining a user intent
includes instructions to process queries having that particu-
lar intent and one or more parameters received as input by
the instructions from the query template. These instructions
may be received as executable program code, for example,
instructions that invoke APIs of the analytics framework 230
and/or the distributed data framework 200 to process and
retrieve the data requested by a user. In an embodiment, the
user interface 910 allows users to upload the code/instruc-
tions associated with a query intent as a file.

[0138] The user interface 910a further allows user to
provide one or more query terms. The user interface 910a
shows two widgets 930 and 940 that allow users to specify
query terms. The user interface 9104 allows a user to provide
a type associated with each query term, for example via the
widget 935 for query term 930 and via the widget 945 for
query term 940.

[0139] A query term may be of type keyword that is a
specific natural language word or phrase, for example,
“show” or “what is the.” A query term may be an attribute,
for example, a column of a dataset or a user defined metric.
A query term may be of type user defined metrics, further
described herein. A query term may be of type operator used
in an expression, for example, <, >, = =<, >= AND, OR,
BETWEEN, LIKE and so on.

[0140] Since different query templates may have different
number of query terms, the user interface 910 provides a
widget 960 that allows a user to add a new query term. If the
user selects the widget 960 of the user interface 910a, the
user interface manager 330 provides the user with the user
interface 9105 that includes additional widgets for query
term 950 and the type of the corresponding query term as
955. Once the user has provided all the required input for
defining the query template, the user may use the widget 970
to submit the query template for processing.

[0141] FIG. 10 illustrates the process by which the big
data analysis system allows a user to define a new query
template, according to an embodiment of the invention. The
user interaction module 240 stores 1010 several query
templates for performing big data analysis in the query
template store 390. The user interface manager 330 presents
1020 the user interface 910 for receiving new query tem-
plates. In an embodiment, the user interaction module 240
checks if the user interacting with the user interface 910 has
the required privilege to add new query templates.

[0142] The user interface manager 330 receives 1030
information describing the new query template being added
via the user interface 910. The user interface manager 330
receives 1030 the intent of the query template and a
sequence of query terms as illustrated in FIG. 9. If the intent
of the query is previously defined in the big data analysis
system 100 and stored in the query intent store 325, the user
interface manager 330 associates the stored instructions
defining the intent with the new query template. If the user
defines a new query intent, the user interface manager 330
receives 1040 instructions that define the intent, for
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example, program code invoking APIs of the analytics
framework 230 and/or the distributed data framework 200
that processes the data stored in the big data analysis system
100 in accordance with the intent of the query template. As
an example, the code for query intent for queries that
forecast certain value uses curve fitting techniques for
determining a curve that fits for the given values of a column
and determines a set of values for a future time range.
[0143] The natural language query processor 310 validates
1050 the query template. For example, the natural language
query processor 310 verifies that any attributes specified in
the query template have valid types. The natural language
query processor 310 also ensures that the query template
corresponds to syntactically valid natural language queries
and conforms to grammatically valid natural language que-
ries. The natural language query processor 310 stores 1060
the query template in the query template store 390. The
natural language query processor 310 uses the new query
template along with other query templates stored in the
query template store 390 for processing queries subse-
quently received and for generating suggestions for partial
natural language queries received from users.

[0144] Details of an example of query intent are as fol-
lows. An example query template processes queries that
request the data analysis system to show relationship
between two attributes. Example query templates having
query intent that requests the data analysis system to show
relationship between two attributes include “show relation-
ship between <attributel> and <attribute2>”, “How are
<attributel> and <attribute2> related?”, or “Please show
relation between <attributel> and <attribute2>."” The query
intent code for (or instructions of) the query intent to show
relationship between two attributes determine a chart visu-
alizing the relationship between the two input attributes. The
chart is determined by the data analysis system 100 to be the
best chart for visualizing the two attributes based on clarity
of information presented in the chart, aesthetics, amount of
information presented and other factors.

[0145] The query intent code checks if the query provides
a pivot column (or pivot attribute). A pivot attribute may be
specified if the query template includes a phrase “for each
<attribute3>" or “breakdown by <attribute3>". Examples of
query templates including pivot attribute include “show
relationship between <attributel> and <attribute2> for each
<attribute3>" or “show relationship between <attributel>
and <attribute2> breakdown by <attribute3>." The query
intent code determines the chart type used for displaying the
relationships between the attributes based on the two input
attributes for which the relationship is requested as well as
the pivot attribute. For example, if the query requests
relationship between two attributes without specifying any
pivot attribute a particular chart may be used to visualize the
relationship, whereas if the query includes a pivot attribute,
a different chart is used for the visualization.

[0146] In an embodiment, the query intent code identifies
one or more alternative chart types that the user can select
instead of the default chart type for the relation. The query
intent code provides the alternative chart types to the data
visualization modules 320 and the data visualization module
presents the alternatives to the user, allowing the user to
select an alternative.

[0147] In an embodiment, the data analysis system 100
allows the user to modify the update the attribute type for a
particular attribute. For example, the data analysis system
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100 determines a numeric column having less than a thresh-
old number of distinct values as a categorical column and
determines the numeric column as having a numeric type if
the number of distinct values stored in the column is greater
than a threshold value. However, the query intent code
provides an indication that the type of a column can be
changed, for example, a numeric attribute can be changed to
a categorical attribute or a categorical attribute can be
changed to a numeric attribute. If the data analysis system
100 receives a request to modity the type inferred by the data
analysis system 100 for an attribute, the data analysis system
100 uses the new type of the attribute. The chart type
determined for showing relationship between two attributes
may change if the type of an attribute is changed.

Examples of Query Templates

[0148] An example query template allows users to ask
natural language queries requesting the big data analysis
system 100 to show relationship between two sets of values.
Each set of values may be a column or a user defined metric.
Accordingly, the query template identifies the following
components of a natural language query conforming to the
query template occurring in the following order: (1) the
phrase “show relationship between”, (2) a first attribute (or
user defined metric), (3) the keyword “and”, and (4) a
second attribute (or user defined metric.) The query template
specifies that the intent of the query template is a “relation-
ship” intent. In an embodiment, the relationship intent
retrieves data of the two attributes (or user defined intents)
provided in the query and renders a chart illustrating how the
first attribute varies with respect to the second attribute. The
query template further specifies that natural language que-
ries conforming to the relationship query template can
include a filter clause. The filter clause comprises as key-
word “where” followed by an expression that may com-
prises an attribute, followed by an operator, followed by
another attribute (which may be a constant.)

[0149] The query template further specifies that natural
language queries conforming to the relationship query tem-
plate can include a pivot clause. A pivot clause specifies a
keyword “breakdown by” and a pivot attribute. Given a
pivot clause, the instructions based on the query identify
distinct values of the pivot attribute. The natural language
query processor 310 determines the relationship between the
first attribute and the second attribute for each distinct value
of the pivot attribute. For example, a query “show relation-
ship between price and lotsize breakdown by state” presents
data describing the relationship between price and lotsize for
each state.

[0150] The natural language query processor 310 supports
query template that match queries that request statistics of a
particular attribute of the dataset. For example, the natural
language query processor 310 supports queries of the form
“what is the standard deviation of X?” The query template
for such queries comprises the following components: (1)
the phrase “what is the”, (2) a phrase pattern of a statistical
operation belonging from a predefined list, for example,
“max”, “min”, “average”, “median”, “standard deviation”,
“25th-75th quartiles”, or “distribution.” (3) the keyword
“of”, and (4) an attribute (or user defined metric.) The query
template allows an optional extension of a filter clause.
[0151] The natural language query processor 310 supports
query templates that match queries requesting the top rank-
ing elements of an attribute of the dataset. The components



US 2020/0301916 Al

of'the query template include: (1) The phrase “show top”, (2)
the phrase pattern allowing user to select from a predefined
list “10”, “20”, “30” and so on (the user can specify any
other number rather than pick a value from this list) (3) a first
attribute, (4) a selection of one of the following phrases:
“with highest” or “with lowest” (5) a second attribute.

[0152] The natural language query processor 310 receives
queries matching this template and determines the top N
values of the first attribute, ranked by the second attribute.
For example, a query conforming to this query template may
request “show top 10 employees with highest salaries.”
Accordingly, the first attribute is employee and the second
attribute is salary. The query template allows an optional
extension of a filter clause. For example, the user may filter
the above clause by requesting “show top 10 employees with
highest salaries from finance department.” The filter clause
“from finance department” causes the dataset to be filtered
to consider only employees from a specific department, i.e.,
the finance department.

[0153] The natural language query processor 310 supports
query templates that match queries requesting forecasting
values of an attribute of the dataset. For example, a user may
request “forecast sales for the next 30 days.” A query
template for processing forecast queries includes compo-
nents: (1) keyword “forecast”, (2) attribute, (3) phrase “for
the next”, (4) a number value, from one of a list of “10”,
“307, “60”, “90” which can be customized by the user, (5)
a unit of time, from a list of “days”, “months”, “quarters”,
“hours” and so on. The natural language query processor
310 processes a natural language query matching this tem-
plate by retrieving values of the attribute and performing a
forecasting technique on the dataset to extrapolate the values
along a time dimension. The natural language query pro-
cessor 310 checks for forecast queries that the dataset
includes a column defining time dimension. The natural
language query processor 310 uses the time column to
associate data values of the attribute with specific points in
time for applying the forecasting techniques. An example of
a forecasting technique is Holt-Winters mechanism for fore-
casting. Other mechanisms for forecasting can be used, for
example, forecasting based on linear prediction, extrapola-
tion, trend estimation, curve fitting, and so on.

[0154] The natural language query processor 310 allows
multiple query templates to be defined with the same query
intent. For example, a query requesting relationship between
two columns can be specified as “show relationship between
A and B” by specifying the following components: (1) the
phrase “show relationship between”, (2) a first attribute, (3)
the keyword “and”, and (4) a second attribute. A second way
to request the same information is using a natural language
query “Do show me the relationship between A and B.” This
type of query is supported by a query template comprising
following components: (1) phrase “Do show me the rela-
tionship between”, (2) a first attribute, (3) the keyword
“and”, and (4) a second attribute. A third way to request the
same information is using a natural language query “How
are A and B related?” This type of query is supported by a
query template comprising following components: (1)
phrase “How are”, (2) a first attribute, (3) the keyword
“and”, (4) a second attribute, and (5) keyword “related?” A
fourth way to request the same information is using a natural
language query “A vs. B please.” This type of query is
supported by a query template comprising following com-
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ponents: (1) phrase “How are”, (2) a first attribute, (3) the
keyword “and”, (4) a second attribute, and (5) “please.”

[0155] Accordingly, the natural language query processor
310 can support a plurality of ways of asking the same
natural language query. Each different way can phrase the
same query using a different type of natural language
sentence. Each type of natural language sentence is specified
using a query template having the same query intent. The
natural language query processor 310 receives a natural
language query and matches it against all query templates.
The natural language query processor 310 determines that
the natural language query matches one of the templates
defined above and processes the requested information
based on the query intent.

[0156] The natural language query processor 310 executes
the following steps for determining the query intent for a
query. The natural language query processor 310 receives a
query for processing. The query parser 360 parses that query
by tokenizing the terms of the query. The query parser 360
stems the word tokens obtained from the query. The natural
language query processor 310 stores a mapping from key-
words to query intents. The natural language query proces-
sor 310 determines the query intent for teh input query based
on the mapping. In an embodiment, the natural language
query processor 310 stores a metric indicating a confidence
level for each keyword to intent mapping. For example,
mapping from keywords “relate” or “vs” to relationship
intent is associated with 100% confidence, mapping from
keywords “top” or “best” to top-n intent is associated with
100% confidence, mapping from keyword “project” to fore-
cast intent is associated with 100% confidence, mapping
from keyword “by” to relationship intent is associated with
40% confidence (e.g. “show sales by department” query)
and so on. The natural language query processor 310 deter-
mines all query intents for the keywords occurring in the
input query and selects the query intent with the highest
confidence. The natural language query processor 310
selects the data attributes of the query in order of their
occurrence in the query based on a matching with the query
template. The natural language query processor 310 gener-
ates suggestions for a partially input query based on the
selected intent and the collected data attributes. This process
allows different variations of a query to be matches to the
query, for example, all these queries match a relationship
query: “is there a relationship between X and Y7, “is X
related to Y?”, and “X vs Y”.

[0157] In an embodiment, the natural language query
processor 310 performs a substring search of query string
from the space of all possible expanded query templates.
Accordingly, if the natural language query processor 310
receives a very short partial query (partial query having less
than a threshold number of query terms) from the user, the
natural language query processor 310 can determine a
suitable query. For example, e.g. if the natural language
query processor 310 receives “sales”, or “summary”, or
“deviation” as input, the natural language query processor
310 can identify the appropriate query template.

[0158] In an embodiment, the natural language query
processor 310 performs an attribute token search. Accord-
ingly, the natural language query processor 310 first finds the
data attributes in the query. The natural language query
processor 310 then finds matching sentences from the space
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of all possible expanded query templates. This approach is
very effective when user types a short phrase, for example,
“show arrdelay”.

Visualization of Data Based on Natural Language Queries

[0159] In an embodiment, the data visualization module
320 determines a chart type for presenting based on one or
more factors including the type of query intent specified in
a query template, the type of attributes processed by the
query template, and/or the cardinality of each attribute (i.e.,
the number of distinct values of an attribute.) In an embodi-
ment, the data visualization module 320 determines the chart
type used for queries conforming to a query template based
on whether there is a pivot extension used by a query (in
other words, whether the natural language query uses a pivot
attribute or pivot column.)

[0160] As an example, assume that the data analysis
system 100 receives a natural language query requesting
relationship between a first attribute and a second attribute.
If the data visualization module 320 determines that the first
attribute is of type numeric and the second attribute is of
type categorical, the data visualization module 320 deter-
mines the chart type to be a bar chart if the number of
categories of the second attribute is below a threshold.
However, if the data visualization module 320 determines
that the number of categories of the second attribute is above
the threshold, the categories of the second attribute is below
a threshold determines the type to be a treemap. In this
embodiment, the data visualization module 320 also sug-
gests alternative chart types (for the user to select from) as
pie chart, donut chart, or treemap (if default chart type is bar
chart)

[0161] Furthermore, if the data visualization module 320
determines that the query uses a pivot extension (based on
a third attribute) the data visualization module 320 deter-
mines the chart type to be a stacked bar chart. In this
embodiment, the data visualization module 320 may suggest
alternative chart types as grouped bar chart or small multiple
bar charts.

[0162] As another example, assume that the data visual-
ization module 320 determines that the first attribute is of
type numeric and the second attribute is also of type
numeric. In this case, the data visualization module 320
determines the chart type to be a scatter plot. The data
visualization module 320 provides alternative chart types,
for example, a hex binned scatter plot that groups of data
points into hexagonal shaped bins. Accordingly, the chart
presents a plurality of hexagonal shaped bins. The data
visualization module 320 may determine the presentation of
each hex bin based on the data points within each hex bin.
For example, the data visualization module 320 may deter-
mine the color of a hex bin based on the number of data
points within each hex bin.

[0163] If the data visualization module 320 determines
that there is a pivot attribute specified in this query, the data
visualization module 320 uses a small multiple hex binned
plot (that presents one hex bin plot corresponding to each
distinct value of the pivot attribute.) Alternatively, the data
visualization module 320 uses a scatter plot with linear trend
lines. Accordingly, the data visualization module 320 plots
all values of the second attribute corresponding to each
value of the pivot attribute against the values of the first
attribute. The data visualization module 320 further con-
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nects (using liner trend lines) data points showing values of
the second attribute that correspond to the same value of the
third (pivot) attribute.

[0164] If the data visualization module 320 determines
that the natural language query requests relationship
between two attributes both of which represent categorical
values, the data visualization module 320 determines the
chart type to be a frequency heat map.

[0165] As another example, assume that the data analysis
system 100 receives a query requesting top N values of an
attribute. In this case, the data visualization module 320
determines the chart type to be a horizontal bar chart. If the
data visualization module 320 determines that there is a
pivot attribute specified in the query, the data visualization
module 320 determines the chart type to be small multiple
horizontal bar chart.

User Defined Metrics for Use in Natural Language Queries

[0166] Embodiments of the invention allow users to define
metrics for use in natural language queries. These metrics
may be defined by experts in data analysis. These metrics
typically represent frequently used computations. Although
natural language provides a user friendly mechanism for
users to specify their data analysis queries, certain queries
may be difficult to specify using natural language. For
example, specific computations that specify certain expres-
sions that are commonly used may be difficult to specify
using natural language but simpler to define using the syntax
of a programming language. Accordingly, the big data
analysis system 100 receives from users, definitions of user
defined metrics that represent reusable computations or
expressions. These user defined metrics may not be available
in the system as shipped to the user by the vendor of the
system. These user defined metrics are typically added by
users of the system. However a vendor may ship a system
with support for one or more user defined metrics. User
defined metrics may also be referred to as user defined
keywords or user defined vocabulary.

[0167] The big data analysis system 100 receives a defi-
nition of a user defined metric that associates a keyword with
an expression representing the user defined metric. The
keyword associated with the user defined metric uniquely
identifies the user defined metric. The big data analysis
system 100 allows a user to use the keywords associated
with the metrics in natural language queries. The big data
analysis system 100 system receives natural language que-
ries that use the user defined metrics and analyzes the natural
language queries. In an embodiment, the natural language
queries process data stored in data sets. The big data analysis
system 100 processes the natural language queries to evalu-
ate the results requested by the user and presents the results
to the user, for example, visually as a chart.

[0168] FIG. 11 shows the interaction between various
objects represented in the big data analysis system for
processing natural language queries using user defined met-
rics, in accordance with an embodiment. The big data
analysis system 100 receives and stores information describ-
ing user defined metrics 1100. The big data analysis system
100 receives natural language queries 1120 that use the user
defined metrics. The big data analysis system 100 processes
1145 the natural language queries 1120 to generate a result
set 1140. The big data analysis system 100 provides the
result set to the user, for example, using a visual represen-
tation such as a chart 1150.
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[0169] The big data analysis system 100 maintains a
representation of user defined metrics 1100. In an embodi-
ment, the representation is a mapping from keywords 1160
(a keyword can be a single word or a phrase) to expressions
1110. One or more keywords 1160 may map to an expression
1110 that defines a user defined metric 1100. A keyword
1160 may be a single word or a phrase comprising a plurality
of words. For example, keyword 1160a (“revenue’) maps to
expression 1110a, keyword 11605 (“cancel rate”) maps to
expression 11105, and keyword 1160c¢ (“delay rate) maps to
expression 1110c.

[0170] The big data analysis system 100 receives 1105 a
natural language query 1120 that uses a keyword 1160
identifying a user defined metric 1100. For example, the
natural language query 1120, “show relationship between
carrier and delay rate” uses the phrase “delay rate” that is
associated with the expression 1110¢. The natural language
query processor 310 receives 1125 the natural language
query 1120 and analyzes the natural language query 1120.
The natural language query processor 310 determines that
“delay rate” is a phrase associated with a user defined
metric. The natural language query processor 310 retrieves
1115 the expression that defines the user defined metric
associated with the phrase “delay rate.” The natural lan-
guage query processor 310 analyzes the natural language
query 1120 and interacts 1135 with the dataset 1130 to
process the natural language query 1120.

[0171] The natural language query processor 310 deter-
mines 1145 a result set 1140 based on the natural language
query 1120. The big data analysis system 100 generates 1155
a chart 1150 for visualization of the result set 1140. The big
data analysis system 100 sends 1165 information describing
the chart 1150 to a user for display, for example, via the
client application 140.

Examples of User Defined Metrics

[0172] The natural language query processor 310 pro-
cesses different types of user defined metrics. The big data
analysis system 100 receives definitions of user defined
metrics. The definition of the user defined metric associates
a phrase with an expression. The phrase includes one or
more keywords. Examples of phrases representing a user
defined metrics include “revenue”, “South America”, “can-
celled flights” and so on. The big data analysis system 100
receives a natural language query using a phrase associated
with a user defined metrics. The big data analysis system 100
determines the intent of the natural language query. The big
data analysis system 100 generates a database query for
retrieving data of the dataset for processing the natural
language query. The database query generated uses the
expression associated with the user defined metric. The big
data analysis system 100 determines where to use the
expression in the database query based on various criteria
including the type of user defined metric and the intent of the
natural language query. For example, if the big data analysis
system 100 is using structured query language (SQL) for
processing the dataset, the big data analysis system 100 may
use the expression in the SELECT clause of the database
query specitying values retrieved from the dataset or in the
WHERE clause of the database query as a filtering condition
of the database query. The big data analysis system 100
executes instructions associated with the intent of the natural
language query to determine result of the natural language
query. The big data analysis system 100 executes the gen-
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erated database query as part of the instructions for the intent
of the query. The big data analysis system 100 determines
the results of the natural language query and sends to the
requestor, for example, a client application 140 executing on
a client device 130.

[0173] An example of a user defined metric is a named
subset of a set of values associated with a dataset. Accord-
ingly, a natural language query using the user defined metric
requests the data processed to be limited to records (or rows)
of'the dataset wherein an attribute has values specified in the
named set. In an embodiment, the named subset of values is
stored in a column of the dataset.

[0174] The natural language query processor 310 receives
a user defined metric that maps a keyword (or name) to a set
defined as an enumeration of values. For example, assume
that the dataset includes a column for storing names of
countries. The distinct values stored in the column can be
enumerated as all possible names of countries. The natural
language query processor 310 may receive a definition of a
user defined metric representing a subset of countries, for
example, “South America,” “North America,” and so on.
[0175] The big data analysis system 100 allows use of
natural language queries that filter the data processed based
on user defined metrics that act as named subsets. For
example, a natural language query may be “what are the
sales in South America?” The natural language query pro-
cessor 310 determines that the received natural language
query uses the named subset “South America” and applies a
filer to the underlying queries used for processing the dataset
to retrieve only sales information from rows that correspond
to countries enumerated by the user defined metric “South
America.”

[0176] In an embodiment, the natural language query
processor 310 generates a database query for retrieving data
from the dataset for processing the natural language query.
The natural language query processor 310 uses the named
set in a condition of the database query, for example, a
WHERE clause to filter records (or rows) of the dataset. For
example, if the named set includes countries A, B, and C, the
natural language query processor 310 includes a condition in
the WHERE clause such as “country in (A, B, C)”

[0177] The big data analysis system 100 supports user
defined metrics that transform values of a column to another
set of values. These user defined metrics are referred to as
computed variables and are defined using expressions. The
values of the user defined metrics are computed on the fly as
natural language queries are received. For example, a user
can ask natural language queries based on computed vari-
ables and treat the computed variable as a column of the
dataset, even though the big data analysis system 100 does
not store any such column.

[0178] Assume that big data analysis system 100 stores
dataset including a revenue column that stores revenue
values in Euros. A user may specify a user defined metric
“revenue in dollars” that converts values of revenue column
specified in Euros to dollars. The big data analysis system
may execute a API (application programming interface) to
retrieve the current exchange rate between Euros and Dol-
lars, for example, from a web service. The expression for the
user defined metric multiplies the values retrieved from the
revenue column of the dataset (in Euros) and applies appro-
priate conversion factor to determine the value in dollars.
[0179] A user may ask “show weekly revenue” to see the
weekly revenues in Euros and another query “show weekly
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revenue in dollars” to see the weekly revenues in dollars.
The big data analysis system 100 determines that the natural
language query “show weekly revenue in dollars” is request-
ing data stored in column revenue of the dataset and applies
the appropriate transformation function to the values of the
revenue column to convert them to dollars.

[0180] The big data analysis system 100 supports user
defined metrics that aggregate values over a dataset. The
aggregate values may be performed over groups of rows of
the dataset. A user defined metric may compute a sum or
average over groups of rows of a dataset, for example, “total
money spent,” or “average sales.” A user defined metric may
determine a conditional count, i.e., a count of all rows that
satisfy certain condition.

[0181] As an example, assume that a dataset has flight
data. Each row stores data for a flight. A column of the
dataset stores a flag indicating whether a flight is cancelled
or not (e.g., if the column is called “cancelled”, a value 1
stored in the column indicates flight is cancelled and a value
0 stored in the column indicates the flight is not cancelled.)
A user defined metric “count of cancelled flights™ is defined
as expression “count(cancelled=1)" where “cancelled”
refers to the column cancelled. A user defined metric may
specify a ratio of conditional count and the total count. For
example, a user defined metric may compute a percentage of
flights cancelled. Accordingly, the use defined metric may be
specified as “count(cancelled=1)/count(*).” A user defined
metric may be defined to compute a count of all unique
items, for example, all unique users or all unique session ids.
The user defined metric may be specified as “(count distinct
attribute)” where the attribute of the data set (or the column
of the dataset) can be “user” or “session_id.” The natural
language query processor 310 processes a natural language
query to show “cancelled flights” by including the expres-
sion defining “cancelled flights” as an attribute in the
SELECT clause of a query.

[0182] Other complex expressions that aggregate values
may be defined as user defined metrics. For example, a user
defined metric may specify a count of rows that satisfy any
particular criteria specified as an expression. For example,
the user defined metric “late flights” may be associated with
an expression “count(arrival_delay>10)" executed against a
flight data. This expression determines all flights that had an
arrival delay longer than a specified threshold (of 10).
[0183] The expression used for specifying a user defined
metric may include logical conditions, for example, condi-
tions based on logical “and”, logical “or” operations and so
on. Assume that a “cancellationcode” column of a flight
dataset can have different possible value including A, B, C,
and D. A user defined metric “cancelled flights™ defined as
the expression “count(cancellationcode=A OR
cancellationcode=B)” determines counts of flights that sat-
isfy certain criteria, i.e., all flights having cancellationcode
values A or B. A user defined metric may use various
operators including < >, 1= IN, BETWEEN, LIKE and may
support mathematical functions such as log (logarithm), abs
(absolute value), and so on.

[0184] The user defined metrics may aggregate values
grouped by certain column. For example, cancelled flights
may be grouped by airports to determine how many flights
are cancelled from each airport. A query that determines all
cancelled flights over an airport column is “show me can-
celled flights by airports.” The natural language query
processor analyzes the natural language query to determine
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the column over which the user defined metric is being
aggregated. In an embodiment, a query template identifies
the various components of the natural query including the
metric and the column by which the metric is grouped. The
intent of the query template is associated with the type of
underlying queries executed by the natural language query
processor 310 for executing the natural language query.
[0185] A natural language query may correspond to a
request to determine the metric grouped by a time value,
e.g., “show me weekly trend of cancelled flights.” A system
administrator identifies a column of the dataset as represent-
ing the time dimension. Alternatively, the big data analysis
system 100 analyzes values of the columns to determine
which column corresponds to time values. The big data
analysis system 100 analyzes the values to see the range of
values of the column. The big data analysis system 100 also
considers the fact that the values of the column are mono-
tonically increasing to determine that the column represents
time values. The big data analysis system 100 may confirm
from a system administrator if the identification of the time
column is correct. The big data analysis system 100 converts
the values of the time column to discrete categories, for
example, hours, days, weeks, months, and so on. The
mapping from the time column to the discrete categories
may be performed at runtime when a natural language query
is executed or it may be precomputed and stored as a column
in the dataset.

Processing of User Defined Metrics

[0186] FIG. 12 shows a flowchart illustrating the process
of defining a user defined metric, in accordance with an
embodiment. The user defined metric module 345 receives
1210 a definition of the user defined metric. The definition
of the user defined metric may be provided via a user
interface, for example, a user interface of a client application
140. The definition of the user defined metric comprises a
keyword for identifying the user defined metric and an
expression defining the user defined metric. For example,
the expression may compute an aggregate value over a
dataset.

[0187] The user defined metric module 345 parses 1220
the expression and validates it. For example, the expression
may refer to attributes or column names from the dataset.
The user defined metric module 345 checks if the attributes/
columns referred to in the expression are valid. The user
defined metric module 345 also performs type checking to
ensure that the expression performs valid computations
based on the types of the attributes/columns referred to in the
expression.

[0188] The user defined metric module 345 stores 1230
metadata defining the user defined metric in the user defined
metric store 355. In an embodiment, the metadata describing
user defined metric may be stored as database tables. The
metadata associates the keyword identifying the metric with
the expression defining the metric. In an embodiment,
multiple keywords may be associated with the same user
defined metric. A metric may be associated with a phrase
comprising a plurality of keywords, for example, “total
money spent” or “percentage of cancelled flights.”

[0189] The natural language query processor 310 receives
1240 a natural language query template defining the struc-
ture of natural language queries based on the user defined
metric. The natural language query processor 310 validates
the natural language query template and stores metadata



US 2020/0301916 Al

describing the natural language query template in the query
template store 390. The natural language query processor
310 processes natural language queries based on the tem-
plate as described in the process illustrated in FIG. 11.

[0190] FIG. 13 shows a flowchart illustrating the process
of defining and executing a natural language query based on
a user defined metric, in accordance with an embodiment.
The natural language query processor 310 receives 1310 a
query string representing a portion of a natural language
query. The natural language query processor 310 identifies
1320 all query templates that match the query string
received. The suggestions module 370 determines and sug-
gests 1330 alternative suggestions comprising terms for
incrementally building the natural language query. The
suggestions module 370 goes through an iterative process of
providing suggestions and receiving a selection of a sug-
gestion. One or more alternatives suggested include the
keyword identifying the user defined metric.

[0191] Assuming the user selects a suggestion that
includes the keyword identifying the user defined metric, the
natural language query processor 310 receives 1340 the
natural language query including the keyword identifying
the user defined metric. The natural language query proces-
sor 310 analyzes the natural language query based on the
matching template. For example, if the user defined metric
performs an aggregation, the natural language query pro-
cessor 310 identifies a second attribute used for grouping the
rows of the dataset. The natural language query processor
310 may identify a column of the data set for grouping the
rows for performing the aggregates. The natural language
query processor 310 checks if the natural language query
specifically mentions the column for grouping, for example,
a query “show relationship between revenue and city.”
Alternatively, the natural language query processor 310
checks if the natural language query includes keywords that
indicate whether the grouping is based on a column storing
time information. For example, a query “show weekly trend
of revenue” includes the keyword “weekly” that indicates
that the grouping is performed by the time column mapped
to weeks.

[0192] The natural language query processor 310 receives
and processes different types of natural language queries
based on user defined metrics. In the following examples,
“revenue” is assumed to be a user defined metric. The user
defined metric may define “revenue” as an expression based
on various attributes of the dataset. A natural language query
may request for information describing variation of a user
defined metric with time, for example, “show revenue over
time.” The natural language query processor 310 receives
and processes this query to show a chart displaying revenue
vs. time.

[0193] A natural language query may request the big data
analysis system to show relationship between an attribute (or
column) of a dataset and a user defined metric For example,
the natural language query processor 310 may receive a
query “show relationship between revenue and region.” The
natural language query processor 310 analyzes this natural
language query to determine that the user is requesting
information describing relationship between a metric (rev-
enue) and a column of the dataset (region). The natural
language query processor 310 processes the natural lan-
guage query to plot a chart of revenue vs. regions and send
to the client application 140 for presentation.
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[0194] The natural language queries may use other key-
words supported by the natural language processor 310. In
an embodiment, the natural language processor 310 supports
“top” keyword for identifying the highest ranking attributes
of a dataset based on certain criteria. For example, the
natural language processor 310 may receive a natural lan-
guage query “show top regions by revenue.” The natural
language processor 310 analyzes the natural language query
to determine that the “top” keyword indicates that the user
is interested in the highest ranking regions based on the user
defined metric revenue. Accordingly, the natural language
processor 310 generates queries to determine the revenues of
various regions, ranks the regions by their revenue and
selects the top ranking regions.

[0195] The natural language query processor 310 supports
natural language queries for forecasting certain values. The
natural language queries for forecasting values may use the
“forecast” keyword, for example, “forecast weekly trend of
cancellation rate.” Alternatively, natural language query
processor 310 may analyze other sentence structures to
determine that the user is requesting forecast of certain
values. These sentence structures match with templates that
indicate the query intent is forecasting certain values. For
example, the natural language query processor 310 may
receive a query “show daily trend of revenue” and find a
matching query template that indicates that the query
requires forecasting.

[0196] The natural language query processor 310 supports
natural language queries that break down the trend of certain
metric by certain category (or attribute). The natural lan-
guage query processor 310 receives a query of the form
“show daily trend of metric for each category” and analyzes
it, for example, “show daily trend of revenue for each
region.” The natural language query processor 310 analyzes
this query to aggregate revenue for each region and deter-
mine the daily trend and perform forecasting based on the
trend.

[0197] The definition of a user defined metric may be
updated independent of the natural language queries. For
example, user defined metric “revenue” may be defined
using a particular expression and several natural language
queries using the metric “revenue” may be stored by the big
data analysis system 100 as documents. The big data analy-
sis system 100 may update the definition of revenue upon
request by an authorized user. For example, a business may
use a new metric to define revenue. The big data analysis
system 100 reevaluates all stored natural language queries
using revenue metric to update the results of the natural
language queries upon request.

[0198] As another example, the big data analysis system
100 may receive a user defined metric “important custom-
ers” that is a named subset, enumerating all important
customers of a business. The big data analysis system 100
may store various natural language queries based on the
metric, for example, “show me transactions of all important
customer,” “what is the trend of revenue from all important
customers” and so on. The big data analysis system 100
determines that the user defined metric is a named subset.
Accordingly, the big data analysis system 100 generates a
database query for evaluating the natural language query.
The big data analysis system 100 generates a database query
that retrieves the requested customer information and adds a
condition to the database query (e.g., a where clause) that
filters the rows of the dataset processed to rows correspond-
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ing to customers identified as “important customers.” For
example, if the user defined metric “important customers”
identifies customers “A, B, C” as important customers, the
big data analysis system 100 appends a condition to the
database query, for example, “where (customer in (A, B,
C))” depending on the syntax supported by the database
query language. The big data analysis system 100 processes
the expression “customer in (A, B, C)” by evaluating the
database query only for rows of dataset where the customer
column has a value belonging to the set (A, B, C).

[0199] The big data analysis system 100 may receive an
update to the definition of the user defined metric “important
customers,” for example, if new customers are recognized as
important customers. Upon request, the big data analysis
system 100 identifies all stored natural language queries that
use the keywords “important customers™ and reevaluates
them. Furthermore, if subsequent natural language queries
based on the keywords “important customers™ are received,
the big data analysis system uses the updated definition of
the user defined metric.

Computer Architecture

[0200] FIG. 14 is a high-level block diagram illustrating
an example of a computer for use in compression of sce-
narios, in accordance with an embodiment. The computer
1400 includes at least one processor 1402 coupled to a
chipset 1404. The chipset 1404 includes a memory control-
ler hub 1420 and an input/output (I/O) controller hub 1422.
A memory 1406 and a graphics adapter 1412 are coupled to
the memory controller hub 1420, and a display 1418 is
coupled to the graphics adapter 1412. A storage device 1408,
keyboard 1410, pointing device 1414, and network adapter
1416 are coupled to the I/O controller hub 1422. Other
embodiments of the computer 1400 have different architec-
tures.

[0201] The storage device 1408 is a non-transitory com-
puter-readable storage medium such as a hard drive, com-
pact disk read-only memory (CD-ROM), DVD, or a solid-
state memory device. The memory 1406 holds instructions
and data used by the processor 1402. The pointing device
1414 is a mouse, track ball, or other type of pointing device,
and is used in combination with the keyboard 1410 to input
data into the computer system 1400. The graphics adapter
1412 displays images and other information on the display
1418. The network adapter 1416 couples the computer
system 1400 to one or more computer networks.

[0202] The computer 1400 is adapted to execute computer
program modules for providing functionality described
herein. As used herein, the term “module” refers to computer
program logic used to provide the specified functionality.
Thus, a module can be implemented in hardware, firmware,
and/or software. In one embodiment, program modules are
stored on the storage device 1408, loaded into the memory
1406, and executed by the processor 1402. The types of
computers 1400 used can vary depending upon the embodi-
ment and requirements. For example, a computer may lack
displays, keyboards, and/or other devices shown in FIG. 14.
[0203] Although embodiments disclosed herein describe
natural language interface for interacting with big data
analysis system, the techniques disclosed herein may be
applied for any type of data analysis system. For example,
the embodiments can be used for interacting with smaller
data sets and are not limited to large datasets. Similarly, the
embodiments can be used for interacting with simple data-
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sets, for example, data sets that are uniform and have the
same type of data instead of a complex mix of unstructured
and structured data.

Alternative Embodiments

[0204] It is to be understood that the Figures and descrip-
tions of the present invention have been simplified to
illustrate elements that are relevant for a clear understanding
of the present invention, while eliminating, for the purpose
of clarity, many other elements found in a typical distributed
system. Those of ordinary skill in the art may recognize that
other elements and/or steps are desirable and/or required in
implementing the present invention. However, because such
elements and steps are well known in the art, and because
they do not facilitate a better understanding of the present
invention, a discussion of such elements and steps is not
provided herein. The disclosure herein is directed to all such
variations and modifications to such elements and methods
known to those skilled in the art.

[0205] Some portions of above description describe the
embodiments in terms of algorithms and symbolic repre-
sentations of operations on information. These algorithmic
descriptions and representations are commonly used by
those skilled in the data processing arts to convey the
substance of their work effectively to others skilled in the
art. These operations, while described functionally, compu-
tationally, or logically, are understood to be implemented by
computer programs or equivalent electrical circuits, micro-
code, or the like. Furthermore, it has also proven convenient
at times, to refer to these arrangements of operations as
modules, without loss of generality. The described opera-
tions and their associated modules may be embodied in
software, firmware, hardware, or any combinations thereof.
[0206] As used herein any reference to “one embodiment”
or “an embodiment” means that a particular element, fea-
ture, structure, or characteristic described in connection with
the embodiment is included in at least one embodiment. The
appearances of the phrase “in one embodiment” in various
places in the specification are not necessarily all referring to
the same embodiment.

[0207] Some embodiments may be described using the
expression “coupled” and “connected” along with their
derivatives. It should be understood that these terms are not
intended as synonyms for each other. For example, some
embodiments may be described using the term “connected”
to indicate that two or more elements are in direct physical
or electrical contact with each other. In another example,
some embodiments may be described using the term
“coupled” to indicate that two or more elements are in direct
physical or electrical contact. The term “coupled,” however,
may also mean that two or more elements are not in direct
contact with each other, but yet still co-operate or interact
with each other. The embodiments are not limited in this
context.

[0208] As used herein, the terms “comprises,” “compris-
ing,” “includes,” “including,” “has,” “having” or any other
variation thereof, are intended to cover a non-exclusive
inclusion. For example, a process, method, article, or appa-
ratus that comprises a list of elements is not necessarily
limited to only those elements but may include other ele-
ments not expressly listed or inherent to such process,
method, article, or apparatus. Further, unless expressly
stated to the contrary, “or” refers to an inclusive or and not
to an exclusive or. For example, a condition A or B is
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satisfied by any one of the following: A is true (or present)
and B is false (or not present), A is false (or not present) and
B is true (or present), and both A and B are true (or present).
[0209] In addition, use of the “a” or “an” are employed to
describe elements and components of the embodiments
herein. This is done merely for convenience and to give a
general sense of the invention. This description should be
read to include one or at least one and the singular also
includes the plural unless it is obvious that it is meant
otherwise.
[0210] Upon reading this disclosure, those of skill in the
art will appreciate still additional alternative structural and
functional designs for a system and a process for displaying
charts using a distortion region through the disclosed prin-
ciples herein. Thus, while particular embodiments and appli-
cations have been illustrated and described, it is to be
understood that the disclosed embodiments are not limited to
the precise construction and components disclosed herein.
Various modifications, changes and variations, which will be
apparent to those skilled in the art, may be made in the
arrangement, operation and details of the method and appa-
ratus disclosed herein without departing from the spirit and
scope defined in the appended claims.
We claim:
1. A computer-implemented method for visualization of
natural language queries, the computer-implemented
method comprising:
storing a plurality of natural language query templates;
receiving a natural language query requesting analysis of
a dataset;

matching the natural language query against the plurality
of natural language query templates, a matching query
template comprising a query intent and one or more
attributes of a dataset;

identifying the query intent and the one or more attributes

based on a matching query template;
determining whether the natural language query specifies
a pivot clause associated with a pivot attribute;

determining a chart type for visualizing the natural lan-
guage query based on the query intent, the one or more
attributes, and whether the natural language query
specifies a pivot clause; and

rendering a chart of the identified chart type based on the

data set and the natural language query and sending for
presentation.

2. The computer-implemented method of claim 1,
wherein the chart type is determined to be a first chart type
if the natural language query specifies a pivot clause and the
chart type is a second chart type if the natural language
query does not specify a pivot clause.

3. The computer-implemented method of claim 1,
wherein if the query intent is to show relationship between
a first attribute and a second attribute and the first attribute
is of numeric type and the second attribute is of numeric
type, the chart type is determined to be scatter plot chart if
the natural language query does not specify a pivot clause.

4. The computer-implemented method of claim 3,
wherein the chart type is determined to be a hex binned
scatter plot if the natural language query does not specify a
pivot clause.

5. The computer-implemented method of claim 3,
wherein the chart type is determined to be a small multiples
hex binned scatter plot if the natural language query speci-
fies a pivot clause.
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6. The computer-implemented method of claim 3,
wherein the chart type is determined to be a scatter plot with
liner trend lines if the natural language query specifies a
pivot clause.

7. The computer-implemented method of claim 1,
wherein if the query intent is to show relationship between
a first attribute and a second attribute and the first attribute
is of numeric type and the second attribute is of categorical
type, the chart type is determined to be a bar chart if the
natural language query does not specify a pivot clause.

8. The computer-implemented method of claim 7,
wherein the chart type is determined to be a grouped bar
chart bar chart if the natural language query specifies a pivot
clause.

9. The computer-implemented method of claim 1,
wherein determining the chart type is further based on a
number of categories of one of the attributes.

10. The computer-implemented method of claim 1, fur-
ther comprising:

suggesting one or more additional chart types for a user to

select.
11. A non-transitory computer-readable medium config-
ured to store computer code comprising instructions, the
instructions, when executed by one or more processors,
cause the one or more processors to perform steps compris-
ing:
storing a plurality of natural language query templates;
receiving a natural language query requesting analysis of
a dataset;

matching the natural language query against the plurality
of natural language query templates, a matching query
template comprising a query intent and one or more
attributes of a dataset;

identifying the query intent and the one or more attributes

based on a matching query template;
determining whether the natural language query specifies
a pivot clause associated with a pivot attribute;

determining a chart type for visualizing the natural lan-
guage query based on the query intent, the one or more
attributes, and whether the natural language query
specifies a pivot clause; and

rendering a chart of the identified chart type based on the

data set and the natural language query and sending for
presentation.

12. The non-transitory computer-readable medium of
claim 11, wherein the chart type is determined to be a first
chart type if the natural language query specifies a pivot
clause and the chart type is a second chart type if the natural
language query does not specify a pivot clause.

13. The non-transitory computer-readable medium of
claim 11, wherein if the query intent is to show relationship
between a first attribute and a second attribute and the first
attribute is of numeric type and the second attribute is of
numeric type, the chart type is determined to be scatter plot
chart if the natural language query does not specify a pivot
clause.

14. The non-transitory computer-readable medium of
claim 13, wherein the chart type is determined to be a hex
binned scatter plot if the natural language query does not
specify a pivot clause.

15. The non-transitory computer-readable medium of
claim 13, wherein the chart type is determined to be a small
multiples hex binned scatter plot if the natural language
query specifies a pivot clause.
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16. The non-transitory computer-readable medium of
claim 13, wherein the chart type is determined to be a scatter
plot with liner trend lines if the natural language query
specifies a pivot clause.

17. The non-transitory computer-readable medium of
claim 11, wherein if the query intent is to show relationship
between a first attribute and a second attribute and the first
attribute is of numeric type and the second attribute is of
categorical type, the chart type is determined to be a bar
chart if the natural language query does not specify a pivot
clause.

18. The non-transitory computer-readable medium of
claim 17, wherein the chart type is determined to be a
grouped bar chart bar chart if the natural language query
specifies a pivot clause.

19. The non-transitory computer-readable medium of
claim 11, wherein determining the chart type is further based
on a number of categories of one of the attributes.

20. The non-transitory computer-readable medium of
claim 11, wherein the steps further comprise:

suggesting one or more additional chart types for a user to

select.



