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(57) Abstract: According to an example, in a method for processing a table
having a plurality of columns, a determination may be made as to whether a
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DETERMINE WHETHER A FIRST SIMILARITY
MEASURE BETWEEN A FIRST COLUMN AND A
SECOND COLUMN IS LARGER THAN A FIRST
PREDEFINED THRESHOLD
302

IN RESPONSE TO A DETERMINATION THAT THE
FIRST SIMILARITY MEASURE IS LARGER THAN THE
FIRST PREDEFINED THRESHOLD, DETERMINE
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FIG. 3

first similarity measure between a first column of the plurality of columns and
a second column of the plurality of columns is larger than a first predefined
threshold. In response to a determination that the first similarity measure is
larger than the first predefined threshold, a determination may be made as to
whether a second similarity measure between the first column and the second
column is larger than a second predefined threshold. In addition, one of the
first column and the second column may be removed from the table in re-
sponse to the second similarity measure being larger than the second pre-
¥ defined threshold.
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PROCESSING A TABLE OF COLUMNS

BACKGROUND

[0001] Databases are computerized data storage and retrieval systems
that are organized in any of a number of different manners. A typical manner in
which databases are organized is through the storage of data in multiple tables
composed of columns and rows. The columns typically identify a category or
topic and the rows typically include data pertaining to a particular entity or feature.
As an example, the category of a column may be “clients” and each of the rows
may identify a particular client. Oftentimes, the tables in databases, such as

those stored as structured data, contain very large numbers of columns.



WO 2015/183306 PCT/US2014/040234

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Features of the present disclosure are illustrated by way of example
and not limited in the following figure(s), in which like numerals indicate like

elements, in which:

[0003] FIG. 1 is a simplified schematic diagram of a data processing
system, which may implement various aspects of the methods disclosed herein,

according to an example of the present disclosure;

[0004] FIG. 2 is a simplified block diagram of the data processing system

shown in FIG. 1, according to an example of the present disclosure;

[0005] FIG. 3 depicts a flow diagram of a method for processing a table,

according to an example of the present disclosure;

[0006] FIGS. 4A-4C, collectively, depict a flow diagram of a method for

processing a table, according to another example of the present disclosure;

[0007] FIG. 5 depicts a flow diagram of a method for processing a table,

according to another example of the present disclosure; and

[0008] FIG. 6 is schematic representation of a computing device, which
may be employed to perform various functions of the computing device depicted

in FIG. 2, according to an example of the present disclosure.
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DETAILED DESCRIPTION

[0009] For simplicity and illustrative purposes, the present disclosure is
described by referring mainly to an example thereof. In the following description,
numerous specific details are set forth in order to provide a thorough
understanding of the present disclosure. It will be readily apparent however, that
the present disclosure may be practiced without limitation to these specific
details. In other instances, some methods and structures have not been
described in detail so as not to unnecessarily obscure the present disclosure. As
used herein, the terms “a” and “an” are intended to denote at least one of a
particular element, the term “includes” means includes but not limited to, the term
“‘including” means including but not limited to, and the term “based on” means

based at least in part on.

[0010] The tables in databases, such as those stored as structured data,
often contain very large numbers of columns. Prior to performing data analytics
applications on the tables, the data contained in the tables are often manually
pre-processed. That is, an analyst often spends a great deal of time preparing
the data for the analytics applications by manually determining which of the
columns are informative and which of the columns are non-informative. Typically,
only a small subset of the columns is informative. By way of example, analysts
often spend upwards of 80% of their time preparing the data for the analysis. As
such, the manual pre-processing of the data contained tables is typically

time-consuming and inefficient.

[0011] Disclosed herein are methods for processing a table having a
plurality of columns and apparatuses for implementing the methods that may
overcome many of the inefficiencies common to conventional processing
techniques. In the methods, a determination may be made as to whether a first
similarity measure between a first column of the plurality of columns and a second
column of the plurality of columns is larger than a first predefined threshold. In
response to a determination that the first similarity measure is larger than the first
predefined threshold, a determination may be made as to whether a second

similarity measure between the first column and the second column is larger than
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a second predefined threshold, in which the second similarity measure has a
greater computational complexity as compared with the first similarity measure.
In addition, one of the first column and the second column may be removed from
the table in response to the second similarity measure being larger than the

second predefined threshold.

[0012] Through implementation of the methods disclosed herein, columns
that may contain relatively low entropies, e.g., contain non-informative
information, may automatically be identified and removed from a table, which may
be a structured data table. In addition, a determination may be made as to which
of the columns contain information that is relatively similar to other columns and
those columns may also be removed from the table. As disclosed herein, the
similarity determination among the columns may be made through
implementation of a two-step procedure, in which the computational complexity of
the first step is relatively lower than the computational complexity of the second
step. That is, the first step may be simpler and faster to implement than the
second step, but may provide a relatively less accurate determination of similarity
among the columns. In this regard, through performance of the first step, a quick
determination that a column is dissimilar from other columns in the table may be
made. In addition, the second step may be performed on only those columns that
are determined to possibly be similar to other columns, thus reducing the number
of sets of columns for which the second step may be performed. Moreover,
through the clustering of columns disclosed herein, the columns contained in a
cluster may not be compared with other columns, thus also reducing the total
number of comparisons that may need to be performed to identify the columns

that are to be removed from the table.

[0013] Generally speaking, the methods and apparatuses disclosed herein
enable non-informative and duplicative (or similar) columns to automatically be
identified and removed from a table. As such, the methods and apparatuses
disclosed herein may enable the processing of tables in manners that are
relatively faster and more accurate than conventional manual techniques for
processing a table for data analytics operations. In addition, as redundant

columns may lead to erroneous results in data analytics applications, the
4
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methods and apparatuses disclosed herein may increase the accuracy of the
data analytics applications on the tables through removal of the redundant
columns. Moreover, the similarity measures disclosed herein may be effective for
different column types (e.g., categorical and numerical) because the similarity
measures disclosed herein uses mutual information and entropies and thus does

not assume a specific dependence, e.g., a linear mapping between two columns.

[0014] With reference first to FIG. 1, there is shown a simplified schematic
diagram of a data processing system 100, which may implement various aspects
of the methods disclosed herein, according to an example. It should be
understood that the data processing system 100 depicted in FIG. 1 may include
additional elements and that some of the elements depicted therein may be
removed and/or modified without departing from a scope of the data processing

system 100.

[0015] As shown in FIG. 1, the data processing system 100 may include a
database 110 and a data processing apparatus 120. The database 110 may
contain multiple tables (a single table 112 is shown for purposes of simplicity) and
may be contained in a single data storage device or across multiple data storage
devices. The table 112 is also shown as including a plurality of columns 1-N and
a plurality of rows 1-M, in which “N” and “M” may represent values larger than 1
and may differ from each other. The table 112 may be a structured data table and
may be stored in the database 110 in any suitable conventional manner. In
addition, the table 112 may include various types of data, such as numerical,
categorical, character strings, Boolean, etc. According to an example, data may
be generalized to any data that contains elements (equivalent to rows) and fields
(equivalent to columns) and may be transformed to have the form of the table
112. In this example, for instance, data received in a format other than in a table

format, such as an XML file, may be transformed into the form of the table 112.

[0016] The table processing apparatus 120 may access the table 112 to
perform processing operations on the table 112. According to an example, a user
may implement the table processing apparatus 120 to perform the processing
operations on the table 112. In some examples, the table processing apparatus
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120 may also be implemented to perform analytical operations on the table 112,
such as query operations. A processing operation may include preparing the
data in the table 112 for data analytics applications. By way of example, because
tables stored in databases, for instance, stored as structured data, often contain a
very large number of columns, the processing operation may include removing
the columns that may contain unimportant or non-informative information.
Reducing the number of columns contained in table 112 may also result in the
reduction of the amount of time and computational resources required to perform
the data analytics applications, as well as the accuracy of the data analytics

applications.

[0017] As discussed in greater detail herein below, the table processing
apparatus 120 may determine which of the columns in the table 112 may contain
informative information and which of the columns may contain non-informative
information. The table processing apparatus 120 may make these
determinations regardless of the types of data contained in the columns. That is,
in making these determinations, the table processing apparatus 120 is not limited
to any specific data type. The columns that include informative information may
include those columns that have information that is not duplicated in another
column, those columns that have information that is not constant across some or
all of the rows of the column, those columns that have information that is not
similar to information in another column beyond a predefined similarity measure
threshold, etc. The columns that include non-informative information may include
those columns that have information that is duplicative with another column, have
information that is very similar to another column, have empty rows, have
constant values across the column, those columns that have information that is
similar to information in another column beyond a predefined similarity measure
threshold, etc. A column may be considered to be similar to another column even
if the actual values in the columns are completely different from each other. For
instance, in an example in which one column contains client identifiers, which
may contain numbers, and another column contains client names, which may
contain character strings, although these columns appear to be completely

different, they may actually be similar because value X in the client identifier and

6
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value A in the client names may always co-occur in the same records. In addition,

the occurrences may repeat for all of the different values.

[0018] Turning now to FIG. 2, there is shown a simplified block diagram of
the data processing system 100, according to an example. It should be
understood that the data processing system 100 depicted in FIG. 2 may include
additional elements and that some of the elements depicted therein may be
removed and/or modified without departing from a scope of the data processing

system 100.

[0019] As shown in FIG. 2, the data processing system 100 is depicted as
including a computing device 200. The computing device 200 is depicted as
including, in addition to the table processing apparatus 120, a processor 202, an
interface 204, and a data store 206. The table processing apparatus 104 is also
depicted as including a table accessing module 210, a histogram accessing
module 212, an entropy accessing module 214, a first similarity measure
determining module 216, a second similarity measure determining module 218, a
cluster determining module 220, a column selecting module 222, and a column

removing module 224.

[0020] The processor 202, which may be a microprocessor, a
micro-controller, an application specific integrated circuit (ASIC), or the like, is to
perform various processing functions in the computing device 200. The
processing functions may include invoking or implementing the table processing
apparatus 120 and particularly, the modules 210-224 of the table processing
apparatus 120, as discussed in greater detail herein below. According to an
example, the table processing apparatus 120 is a hardware device on which is
stored various sets of machine readable instructions. The table processing
apparatus 120 may be, for instance, a volatile or non-volatile memory, such as
dynamic random access memory (DRAM), electrically erasable programmabile
read-only memory (EEPROM), magnetoresistive random access memory
(MRAM), memristor, flash memory, floppy disk, a compact disc read only memory
(CD-ROM), a digital video disc read only memory (DVD-ROM), or other optical or

magnetic media, and the like, on which software may be stored. In this example,
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the modules 210-224 may be software modules, e.g., sets of machine readable

instructions, stored in the table processing apparatus 120.

[0021] In another example, the table processing apparatus 120 may be a
hardware component, such as a chip, an integrated circuit, etc., and the modules
210-224 may be hardware modules on the hardware component. In a further
example, the modules 210-224 may include a combination of software and
hardware modules. In a yet further example, the processor 202 may be an ASIC
that is to perform the functions of the modules 210-224. In this example, the
processor 202 and the table processing apparatus 120 may be a single

processing apparatus.

[0022] The proceésor 202 may store data in the data store 206 and may
use the data in implementing the modules 210-224. For instance, the processor
202 may store data pertaining to the table 112 that is to be processed. In any
regard, the data store 206 may be volatile and/or non-volatile memory, such as
DRAM, EEPROM, MRAM, phase change RAM (PCRAM), memristor, flash
memory, and the like. In addition, or alternatively, the data store 206 may be a
device that may read from and write to a removable media, such as, a floppy disk,
a CD-ROM, a DVD-ROM, or other optical or magnetic media.

[0023] The interface 204 may include hardware and/or software to enable
the processor 202 to communicate with the database 110. The interface 204 may
enable a wired or wireless connection to the database 110 k(user input/output
devices) over a network, such as an intranet, a local area network, the Internet,
etc. In other examples, the computing device 200 may be directly connected to
the database 110, e.g., the computing device 200 may be a server that is to
control access to the database 110. The interface may include a network
interface card and/or may also include hardware and/or software to enable the
processor 202 to communicate with various input and/or output devices, such as
a keyboard, a mouse, a display, another computing device, etc., through which a

user may input instructions into the computing device 200.

[0024] Various manners in which the processor 202 in general, and the

modules 210-224 in particular, may be implemented are discussed in greater

8
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detail with respect to the methods 300 and 400 respectively depicted in FIGS. 3
and 4A-4C. Particularly, FIGS. 3 and 4A-4C depict flow diagrams of methods 300
and 400 for processing a table 112, according to two examples. It should be
apparent to those of ordinary skill in the art that the methods 300 and 400 may
represent generalized illustrations and that other operations may be added or
existing operations may be removed, modified, or rearranged without departing
from the scopes of the methods 300 and 400. Generally speaking, the processor
202 depicted in FIG. 2 may implement the methods 300 and 400 through
implementation of at least some of the modules 210-224. In addition, the method
400 is similar to the method 300, but includes more detailed descriptions of the
operations described in the method 300.

[0025] The descriptions of the methods 300, 400, and 500 are made with
reference to the data processing system 100 illustrated in FIGS. 1 and 2 for
purposes of illustration. It should, however, be clearly understood that data
processing systems having other configurations may be implemented to perform
the methods 300, 400, and 500 without departing from the scopes of the methods
300, 400, and 500. In addition, references to a first column, a second column, a
third column, a fourth column, etc., should not be construed as denoting a
physical location or a consecutive order of columns. Instead, these references
are merely meant to denote different ones of the columns, regardless of their

locations with respect to each other.

[0026] With reference first to the method 300 depicted in FIG. 3, at block
302, a determination may be made as to whether a first similarity measure
between a first column of the plurality of columns and a second column of the
plurality of columns is larger than a first predefined threshold. For instance, the
first similarity measure determining module 216 may determine a first similarity
measure between the first column and the second column and may determine
whether the first similarity measure is above a first predefined threshold. The first
similarity measure and the first predefined threshold are discussed in greater
detail below with respect to the method 400 below.
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[0027] At block 304, in response to a determination that the first similarity
measure is larger than the first predefined threshold, a determination may be
made as to whether a second similarity measure between the first column and the
second column is larger than a second predefined threshold, in which the second
similarity measure has a greater computational complexity as compared with the
first similarity measure. That is, computation of the second similarity measure
may require a greater amount of time and/or computational resources as
compared with computation of the first similarity measure. In addition, for
instance, the second similarity measure determining module 218 may determine
a second similarity measure between the first column and the second column and
may determine whether the second similarity measure is above a second
predefined threshold. The second similarity measure and the second predefined
threshold are discussed in greater detail below with respect to the method 400

below.

[0028] At block 3086, one of the first column and the second column may be
removed from the table 112. More particularly, for instance, the column removing
module 224 may remove one of the first column and the second column from the
table 112. In one regard, through implementation of the method 300, a
determination may be made that one of the first column and the second column
may include non-informative, e.g., duplicative, information and thus, one of the
first column and the second column may be removed to reduce the number of

columns that may be analyzed during a data analytics operation.

[0029] Turning now to FIGS. 4A-4C, and with reference first to FIG. 4A, at
block 402, a table 112 may be accessed. For instance, the table accessing
module 210 may access the table 112 directly from the database 110.
Alternatively, the table accessing module 210 may access a copy of the table 112
that may have been copied onto the data store 206. According to an example, the
table 112 is a copy of an original table.

[0030] At block 404, histograms for each column in the table 112 may be
accessed. For instance, the histogram accessing module 212 may access the

histograms by computing the histograms of each of the columns through

10
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implementation of any suitable set of machine readable instructions that is to
compute the histograms. As another example, the histograms of the columns
may have previously been computed by another module and the histogram
accessing module 212 may access the previously computed histograms.
According to an example, the histograms of the columns represent the respective

averages of the data contained in the columns.

[0031] At block 406, entropies of each of the columns may be accessed.
The entropies of the columns, for instance, low entropies, may denote that the
columns are empty, almost empty, constant, almost constant, etc. In contrast,
high entropies may denote that columns are full, almost full, have different values
along the columns, etc. In one regard, therefore, the entropy of a column may
denote the amount of change between values contained in the rows of the
columns. The entropy accessing module 214 may access the entropies by
determining the entropies of the columns based upon the computed histograms
of the columns. By way of example, the entropy accessing module 214 may
determine the entropies of the columns through computation of the following

equation:
Equation (1):  Ha = — %<, P, logP,, .

[0032] In Equation (1), from the computed histograms of the columns A
and B, it may be assumed that A € {v,,v,, ..., i}, In which “V' represents the
values in the columns. In addition, in Equation (1), numerical values may be
quantized and handled similarly to categorical values, and the calculations in that
equation may also be applied to the numerical values. The probability
distribution, which may actually be a normalized histogram, may be denoted
through the following equation: Py = {P,,P,,, ..., R, }. The probability of each

#(A==vy)

valueis B, = . where N is the number of instances (rows) in the table 112.

As another example, however, the entropies of the columns may have previously
been computed by another module and the entropy accessing module 214 may
access the previously computed entropies.

11
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[0033] At block 408, a determination may be made as to whether the
entropies of the columns are larger than a predetermined threshold. For
instance, the entropy accessing module 214 may determine whether any of the
columns have entropies that exceed a predetermined threshold. In addition, the
entropy accessing module 214 may determine which of the determined columns
have entropies that fall below the predetermined threshold. The predetermined
threshold may be set to meet any suitable objective. Thus, for instance, the
predetermined threshold value may be set to be a higher value when a higher

number of columns are desired to remain in the table 112.

[0034] At block 410, the columns identified as having entropies that fall
below the predetermined threshold may be removed from the table 112. That is,
for instance, the column removing module 224 may remove the columns that
have relatively constant data across their respective rows for containing

non-informative information.

[0035] Following blocks 408 and 410, clusters of the remaining columns
determined to be similar to each other may be identified and the number of
columns in the table 112 may be reduced. Atblock 412, a cluster A may be set to
a first cluster. For instance, the cluster determining module 220 may set the
cluster A to be a first cluster that includes a first column. In addition, at block 414,
a column A and a column B may be set to be columns that are to be compared
with each other. For instance, during a first iteration, the cluster determining
module 220 may set column A to be the first column and column B to be the

second column in the table 112.

[0036] Following “A” to FIG. 4B, at block 416, a similarity measure (HS)
between column A and column B may be determined. For instance, the first
similarity measure determining module 218 may determine a histogram similarity
(HS) between column A and column B. By way of particular example, the first
similarity measure determining module 218 may determine the HS between

column A and column B through the following equation:

Equation (2):

12
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(P — HPA)T(PB ~ ipg)
2 2
IPa = e, ll” + 1IPs ~ wpg|

HS(A,B) =

[0037] In Equation (2), for a given pair of columns A and B, their

histograms are marked by P,, Pg, their expectations are marked by pp ,, upy., and

“T” represents a transpose function. According to an example, the histograms for
the columns are sorted. In addition, or alternatively, the shorter histogram is

padded with zeroes such that the lengths of the two histograms are identical.

[0038] At block 418, a determination may be made as to whether the HS of
column A and column B is larger than a first predefined threshold. For instance,
the first similarity measure determining module 216 may compare the HS of
column A and column B with the first predefined threshold to determine whether
the HS exceeds the first predefined threshold. The first predefined threshold may
be set to meet any suitable objective. Thus, for instance, the first predefined
threshold may be set to be a higher value when it is desired to have a higher

number of columns removed from the table 112.

[0039] In response to a determination that the HS of column A and column
B is smaller than the first predefined threshold, column B may be identified as
being dissimilar from column A, as indicated at block 420. In addition, at block
422, a determination may be made as to whether an additional column is to be
compared with the column A. If yes, the column selecting module 222 may select
another column, e.g., the next column adjacent to the previous column B, to be
compared with the column A and may set the another column as column B.
Moreover, blocks 416-422 may be repeated for the columns A and B as set at
block 424. In addition, blocks 416-424 may be repeated until a determination is
made at block 422 that no additional columns remain for comparison with column
A. In that instance, a determination may be made as to whether an additional
cluster is to be identified at block 426.

[0040] At block 426, for instance, the cluster determining module 220 may
determine whether there are any remaining columns in the table 112 that have
not been included into a cluster. In response to a determination at block 426 that

a column in the table 112 has not been included into a cluster, the cluster A may
13
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be set to the next cluster, as indicated at block 428. Particularly, for instance, the
cluster determining module 220 may set a current cluster being analyzed to be
equal to a next cluster, in which the next cluster includes the next column that has
not been included into a cluster. In addition, following “C” back to FIG. 4A, blocks
414-426 may be repeated until a determination that no additional clusters remain
to be determined at block 426. Following the “no” condition at block 426, the
method 400 may end, as indicated at block 430. In this instance, the method 400
may not have identified any columns that are sufficiently similar to any other

columns to be removed from the table 112.

[0041] Returning back to block 418, in response to a determination that the
HS of column A and column B is larger than the first predefined threshold,
following “B” to FIG. 4C, a mutual information based similarity measure (SMl)
between column A and column B may be made, as indicated at block 432. For
instance, the second similarity measure determining module 218 may determine

the SMI between column A and column B through the following equation:

Equation (3):

_ MI(AB)
SMI(A.B) - = 0.5(H, + Hg)
[0042] As noted in Equation (3), the SMI may be based upon the mutual

information of two variables, which quantifies the dependency between the two
variables. The mutual information (MI) of two variables A € {v,vy, ..., v},

B € {wy, w,, ..., w;} may be defined by the following equation:

Equation (4):

MI(A, B) —»iip log B
'] - SWi

i=1 j=1 : PV‘PWJ
[0043] As also noted in Equation (3), the SMI may also be based upon the
entropies of the columns A and B. Particularly, the SMI between columns A and
B may be higher for dependent columns and zero for independent columns. In

addition, the mutual information may be higher when the entropies of the columns

are higher and lower when the entropies of the columns are lower. In any regard,

14
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as may be noted by a comparison of Equations (2) and (3), Equation (3) may
have a greater computational complexity as compared with Equation (2). In
addition, the SMI disclosed in Equation (3) may not be sensitive to the entropies
of the columns, and may fall between 0 and 1, i.e., 0 < SMI(4, B) < 1, with high

values of SMI indicating similarity among column A and column B.

[0044] At block 434, a determination may be made as to whether the SMI
of column A and column B is larger than a second predefined threshold. For
instance, the second similarity measure determining module 218 may compare
the SMI of column A and column B with the second predefined threshold to
determine whether the SMI exceeds the second predefined threshold. The
second predefined threshold may be set to meet any suitable objective. Thus, for
instance, the second predefined threshold may be set to be a higher value when it

is desired to have a higher number of columns removed from the table 112.

[0045] In response to a determination that the SMI of column A and column
B is greater than the second predefined threshold at block 434, column B may be
added to the cluster of column A, as indicated at block 436. Particularly, for
instance, the cluster determining module 220 may add column B to the cluster of
column A because column B has been identified as being sufficiently similar to
column A. In addition, as discussed below, column B may be omitted from

consideration for inclusion into another cluster of another column.

[0046] However, in response to a determination that the SMI of column A
and column B is below the second predefined threshold, column B may be
identified as being dissimilar from column A, as indicated at block 438. In
addition, therefore, the cluster determining module 220 may not include column B
in the cluster of column A and column B may be available for consideration for

inclusion into another cluster of another column.

[0047] At block 440, following either of blocks 436 and 438, a
determination may be made as to whether an additional column is to be
compared with column A. If yes, column B may be set to a next column as
indicated at block 442. Thus, for instance, the column selecting module 222 may

select the next column, e.g., the column adjacent to the previously selected
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column, to be column B at block 424. Moreover, blocks 432-440 may be repeated
for a next selected column until a determination is made at block 440 that no
additional columns remain for comparison with column A. In that instance, a
determination may be made as to whether an additional cluster is to be identified
at block 444.

[0048] At block 444, for instance, the cluster determining module 220 may
determine whether there are any remaining columns in the table 112 that have
not been included into a cluster. In response to a determination at block 446 that
a column in the table 112 has not been included into a cluster, the cluster A may
be set to the next cluster. Particularly, for instance, the cluster determining
module may set a current cluster being analyzed to be equal to a next cluster, in
which the next cluster includes the next column that has not already been
included into a cluster. In addition, following “C” back to FIG. 4A, blocks 414-446
may be repeated until a determination that no additional clusters remain to be
determined at block 444.

[0049] Following the “no” condition at block 444, all but one of the columns
in each of the clusters may be removed from the table 112, as indicated at block
448. For clusters that include a single column, the columns in those clusters may
not be removed since those columns may be sufficiently different from other
columns and may contain informative information. In addition, for instance, the
column removing module 224 may selectively remove the columns from each of
the clusters because the removed columns may be sufficiently similar to the
remaining columns, e.g., beyond a predefined threshold, and may thus be
construed to contain non-informative, e.g., duplicative, information. For each
cluster, the column removing module 224 may determine which of the columns in
the clusters to remove. For instance, the column removing module 224 may
remove all but the first column in the cluster, the columns having the longest

names, columns having the least number of rows of data, etc.

[0050] Generally speaking, through implementation of the method 400,
each of the columns in the table 112 may be identified as being similar beyond a

predefined threshold to another one of the columns or as being different below
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the predefined threshold from each of the other columns. In the former case, the
columns in a particular cluster may be construed as being similar to each other
and in the latter case, the columns may be construed as being dissimilar from

each of the other columns.

[0051] Following block 448, the number of columns contained in the table
112 may substantially be reduced through removal of the columns. The table 112
may also be stored with the reduced set of columns. In addition, the method 400

may end as indicated at block 450.

[0052] Although the methods 300 and 400 are described herein with
respect to a first similarity measure and a second similarity measure, these
measures may equivalently be construed respectively as a first difference
measure and a second difference measure. That is, instead of similarities
between a first column and a second column being determined, differences
between the first column and the second column may be determined. This
example is depicted in the method 500 in FIG. 5. As shown in that figure, at block
502, a determination may be made as to whether a first difference measure
between a first column and a second column is lower than a first predefined
threshold. In addition, for instance, when the difference between the first column
and the second column is below a first predefined threshold, the two columns
may be construed as being similar and when the difference between the first
column and the column is above the first predefined threshold, the two columns
may be construed as possibly being similar. In response to the first column and
the second column having a first difference measure below the first predefined
threshold, at block 504, a determination may be made as to whether a second
difference measure between the first column and the second column is lower than
a second predefined threshold. In response to the second difference measure
being below the second predefined threshold, the first column and the second
column may be construed as being similar to each other. However, if the second
difference measure is above the second predefined threshold, the first column
and the second column may be construed as being different from each other. In
addition, at block 506, one of first column and the second column may be

removed from the table in response the second difference measure being lower
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than the second predefined threshold.

[0053] Through implementation of the methods 300, 400, and/or 500,
columns that may contain relatively low entropies, e.g., contain non-informative
information, may be removed from a table 112. In addition, a determination may
be made as to which of the columns contain information that is relatively similar to
other columns and those columns may also be removed from the table 112. In
one regard, the similarity determination may be made through implementation of
a two-step procedure, in which the computational complexity of the first step is
relatively lower than the computational complexity of the second step. Thatis, the
first step, e.g., the HS similarity determination, may be simpler and faster to
implement than the second step, e.g., the SMI similarity determination. Through
performance of the first step first, a quick determination that a column is dissimilar
from another column may be made. In addition, the second step may be
performed on only those columns that are determined to possibly be similar to
other columns. Moreover, through the clustering of columns disclosed herein, the
columns contained in a cluster may not be compared with other columns, thus
reducing the total number of comparisons that may need to be performed to

identify the columns that are to be removed from the table 112.

[0054] Some or all of the operations set forth in the methods 300, 400, and
500 may be contained as utilities, programs, or subprograms, in any desired
computer accessible medium. In addition, the methods 300, 400, and 500 may
be embodied by computer programs, which may exist in a variety of forms both
active and inactive. For example, they may exist as machine readable
instructions, including source code, object code, executable code or other
formats. Any of the above may be embodied on a non-transitory computer

readable storage medium.

[0055] Examples of non-transitory computer readable storage media
include computer system RAM, ROM, EPROM, EEPROM, and magnetic or
optical disks or tapes. It is therefore to be understood that any electronic device
capable of executing the above-described functions may perform those functions

enumerated above.
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[0056] Turning now to FIG. 6, there is shown a schematic representation of
a computing device 600, which may be employed to perform various functions of
the computing device 200 depicted in FIG. 2, according to an example. The
computing device 600 may include a processor 602, a display 604, such as a
monitor: a network interface 608, such as a Local Area Network LAN, a wireless
802.11x LAN, a 3G mobile WAN or a WiMax WAN; and a computer-readable
medium 610. Each of these components may be operatively coupled to a bus
612. For example, the bus 612 may be an EISA, a PCI, a USB, a FireWire, a
NuBus, or a PDS.

[0057] The computer readable medium 610 may be any suitable medium
that participates in providing instructions to the processor 602 for execution. For
example, the computer readable medium 610 may be non-volatile media, such as
an optical or a magnetic disk; volatile media, such as memory. The
computer-readable medium 610 may also store a table processing machine
readable instructions 614, which may perform the methods 300, 400, and/or 400
and may include the modules 210-224 of the table processing apparatus 120
depicted in FIG. 2. In this regard, the table processing machine readable
instructions 614 may include a table accessing module 210, a histogram
accessing module 212, an entropy accessing module 214, a first similarity
measure determining module 216, a second similarity measure determining
module 218, a cluster determining module 220, a column selecting module 222,

and a column removing module 224.

[0058] Although described specifically throughout the entirety of the instant
disclosure, representative examples of the present disclosure have utility over a
wide range of applications, and the above discussion is not intended and should
not be construed to be limiting, but is offered as an illustrative discussion of

aspects of the disclosure.

[0059] What has been described and illustrated herein is an example of the
disclosure along with some of its variations. The terms, descriptions and figures
used herein are set forth by way of illustration only and are not meant as

limitations. Many variations are possible within the spirit and scope of the
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disclosure, which is intended to be defined by the following claims -- and their
equivalents -- in which all terms are meant in their broadest reasonable sense

unless otherwise indicated.
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What is claimed is:

1. A method for processing a table comprising a plurality of columns, said
method comprising:

determining whether a first similarity measure between a first column of
the plurality of columns and a second column of the plurality of columns is larger
than a first predefined threshold;

in response to a determination that the first similarity measure is larger
than the first predefined threshold, determining whether a second similarity
measure between the first column and the second column is larger than a second
predefined threshold ; and

removing one of the first column and the second column from the table in
response to the second similarity measure being larger than the second

predefined threshold.

2. The method according to claim 1, further comprising:
accessing a histogram for each column of the plurality of columns; and
comparing the histogram of the first column with the histogram of the

second column to determine the first similarity measure.

3. The method according to claim 2, further comprising:

accessing an entropy for each column of the plurality of columns based
upon the computed histograms of each of the columns;

determining, for each of the columns, whether the entropy of the column
exceeds a predetermined threshold; and

removing the columns from the table that are determined to have entropies
below the predetermined threshold prior to determining the first similarity

measdure.

4. The method according to claim 1, wherein the second similarity measure
has a greater computational complexity as compared with the first similarity

measure, said method further comprising:
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in response to a determination that the first similarity measure is below the
first predefined threshold, identifying the second column as being dissimilar from

the first column.

5. The method according to claim 1, wherein the second similarity measure

comprises a mutual information based similarity measure.

6. The method according to claim 1, further comprising:

prior to removing one of the first column and the second column from the
table, including the second column in a first cluster in response to the second
similarity measure being larger than the second predefined threshold and
omitting the second column from the first cluster in response to the second
similarity measure being smaller than the second predefined threshold, wherein

the first cluster includes the first column.

7. The method according to claim 6, further comprising:

in response to the second column being omitted from the first cluster,
determining a first similarity measure between the second column and a third
column of the plurality of columns;

determining whether the first similarity measure between the second
column and the third column is larger than the first predefined threshold;

in response to a determination that the first similarity measure between the
second column and the third column is larger than the first predefined threshold,
determining whether a second similarity measure between the second column
and the third column is larger than the second predefined threshold;

in response to the second similarity measure between the second column
and the third column being larger than the second predefined threshold, including
the third column in a second cluster, wherein the second cluster includes the
second column; and

removing one of the second column and the third column from the table.

8. The method according to claim 6, further comprising:
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determining that a third column of the plurality of columns and a fourth
column of the plurality of columns are dissimilar from the first column and are
outside of the first cluster;

determining a first similarity measure between the third column and the
fourth column;

determining whether the first similarity measure between the third column
and the fourth column is larger than the first predefined threshold;

in response to a determination that the first similarity measure between the
third column and the fourth column is larger than the first predefined threshold,
determining whether a second similarity measure between the third column and
the fourth column is larger than the second predefined threshold,;

in response to the second similarity measure between the third column
and the fourth column being larger than the second predefined threshold,
including the fourth column in a second cluster, wherein the second cluster
includes the third column; and

removing one of the third column and the fourth column from the table.

9. An apparatus for processing a table comprising a plurality of columns, said
apparatus comprising:
a processor; and
a memory on which is stored machine readable instructions to cause the
processor to:
determine, for each column of the plurality of columns, whether an
entropy of the column exceeds a predetermined threshold,
remove, from the table, the columns that are determined to have
entropies below the predetermined threshold;
determine whether a first similarity measure between a first column
of the plurality of columns and a second column of the plurality of columns is
larger than a first predefined threshold;
in response to a determination that the first similarity measure is
larger than the first predefined threshold, determine whether a second similarity

measure between the first column and the second column is larger than a second
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predefined threshold; and
remove one of the first column and the second column from the table in
response o the second similarity measure being larger than the second

predefined threshold.

10. The apparatus according to claim 9, wherein the second similarity
measure has a greater computational complexity as compared with the first
similarity measure and wherein the machine readable instructions are further
cause the processor to:

determine the first similarity measure through a comparison of a histogram

of the first column with the histogram of the second column.

11. The apparatus according to claim 9, wherein the machine readable
instructions are further to cause the processor to include the second columnin a
first cluster in response to the second similarity measure being larger than the
second predefined threshold and omit the second column from the first cluster in
response to the second similarity measure being smaller than the second
predefined threshold, wherein the first cluster includes the first column.

12.  The apparatus according to claim 11, wherein the machine readable
instructions are further to cause the processor to determine whether the second
column is similar to a third column in response to the second column being
omitted from the first cluster and to omit further similarity determinations of the
second column in response to the second column being included in the first

cluster.

13.  The apparatus according to claim 11, wherein the machine readable
instructions are further to cause the processor to:

determine that a third column of the plurality of columns and a fourth
column of the plurality of columns are outside of the first cluster;

determine a first similarity measure between the third column and the

fourth column;

24



WO 2015/183306 PCT/US2014/040234

determine whether the first similarity measure between the third column
and the fourth column is larger than the first predefined threshold,

in response to a determination that the first similarity measure between the
third column and the fourth column is larger than the first predefined threshold,
determine whether a second similarity measure between the third column and the
fourth column is larger than the second predefined threshold;

in response to the second similarity measure between the third column
and the fourth column being larger than the second predefined threshold, include
the fourth column in a second cluster, wherein the second cluster includes the
third column; and

remove one of the third column and the fourth column from the table.

14. A non-transitory computer readable storage medium on which is stored
machine readable instructions that when executed by a processor cause the
processor to:

determine whether a first difference measure between a first column of the
plurality of columns and a second column of the plurality of columns is lower than
a first predefined threshold,

in response to a determination that the first difference measure is lower
than the first predefined threshold, determine whether a second difference
measure between the first column and the second column is lower than a second
predefined threshold,; and

remove one of the first column and the second column from the table in
response to the second difference measure being lower than the second
predefined threshold.

15.  The non-transitory computer readable storage medium according to claim
14, wherein the second similarity measure has a greater computational
complexity as compared with the first similarity measure and wherein the
machine readable instructions are further to cause the processor to:

prior to the determination of the first difference measure, determine, for

each column of the plurality of columns, whether an entropy of the column

25



WO 2015/183306 PCT/US2014/040234

exceeds a predetermined threshold; and
remove, from the table, the columns that are determined to have entropies

below the predetermined threshold.
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