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DETECTION AND VISUALIZATION OF
GEOGRAPHIC DATA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 15/255,593, entitled “DETECTION AND

VISUALIZATION OF GEOGRAPHIC DATA” and filed
Sep. 2, 2016, the disclosure of which 1s incorporated herein
by reference 1n 1ts entirety.

BACKGROUND

Present invention embodiments relate to data processing
systems, and more specifically, to techniques for identifying
and visualizing geographic data with data processing sys-
tems.

Geographic data 1s widely utilized and can be incredibly
valuable. For example, with the rise of cloud computing
systems, mobile connectivity, and other technology that
allows users to remain connected while at different locations
or on the move, geographic data may allow different systems
to provide services based on the geographic location of a
user. However, 1t 1s surprisingly diflicult to identily a set of
data as geographic, especially when a dataset 1s a string of
text, without metadata, unambiguous labels, or other such
data that might signify what type of data 1s included 1n the
data set. For example, in IBM® WATSON ANALYTICS™,
users can upload large or small amounts of data 1n order to
visualize their data; however, the data may be uploaded as
a comma separated values (CSV) file without any metadata
identifyving the data included therein and, thus 1t may be
difficult to identify geographic data included therein. This 1s
exacerbated when the geographic data 1s geographic data
from a lower level in a geographic hierarchy, such as cities,
towns, or even counties, as opposed to countries or states.
For example, counties 1n the United States may be named
Jeflerson, Davis, Montgomery, and other such names that
may also be common family names (e.g., last names) in the
United States.

SUMMARY

According to one embodiment of the present invention,
identifying and visualizing geographic data includes obtain-
ing a set of data including candidate geographic data ele-
ments. Metrics are determined based on two or more of: a
best parent for the candidate geographic data elements;
additional concepts associated with the candidate geo-
graphic data elements; and an average distance between the
candidate geographic data elements. Then, the candidate
geographic data elements are 1dentified as geographic based

on the metrics and a map 1s generated displaying the
candidate geographic data elements 1dentified as geographic.

BRIEF DESCRIPTION OF THE DRAWINGS

Generally, like reference numerals 1n the various figures
are utilized to designate like components.

FIG. 1 1llustrates an example environment in which the
present general inventive concept can be embodied.

FIG. 2 1s a procedural flow chart of identilying and
visualizing geographic data, according to a present invention
embodiment.
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FIG. 3 1s a procedural flow chart 1llustrating operations for
utilizing a best parent to 1identily geographic data, according

to a present invention embodiment.

FI1G. 4 1s a procedural tlow chart 1llustrating operations for
determining a likelthood score to identily geographic data,
according to a present invention embodiment.

FIG. 5 1s a block diagram of a computing node according,
to an embodiment of the present invention.

DETAILED DESCRIPTION

Presented herein are techmiques for 1dentifying or detect-
ing geographic data and visualizing the identified geo-
graphic data. Generally, the techniques provided herein
utilize a unique combination of tests 1n order to identify data
from a data set, such as a structured data set, as geographic
data with a high degree of accuracy. Then, the 1dentified data
can be displayed on a map 1n order to visualize the data. The
techniques determine the likelihood that candidate data
clements included in the data set represent geographic
clements by focusing on a best parent of the candidate
elements, distances between the candidate elements, and the
number of other concepts that may be associated with the
candidate elements. As 1s described 1in more detail below, the
best parent may be a geographic element that covers a
substantial subset of the candidate elements, thereby reveal-
ing similarities 1n the candidate data elements. When the
best parent 1s used 1n combination with the average distance
and number of other concepts, geographic data may be
identified with a high degree of accuracy, thereby allowing
applications or processes utilizing geographic data to func-
tion more efliciently. For example, accurately identifying
geographic data allows data to be properly visualized (e.g.,
on a map).

Without these techniques, approaches may be required to
rely on labels or tags included 1n a data set, which 1s often
ineflective since data may be labeled with customized or
internally understood labels, as opposed to standardized
labels. For example, a user could enter an acronym column
name, such as columnName="MUCN,” where MUCN stood
for “My User’s County Name,” and this column name may
be unidentifiable without an explanation of the acronym.
Moreover, many data sets are often unlabeled. To address
this, other alternative approaches may analyze metadata or
a dictionary; however, this may also experience 1ssues with
umdentifiable labels or unlabeled data, may be ineflicient in
terms ol both time and resources, and/or may be 1naccurate.

An example environment for use with present mvention
embodiments 1s illustrated 1n FIG. 1. Specifically, the envi-
ronment includes one or more server systems 10, and one or
more client or end-user systems 14. The server systems 10
and client systems 14 are each described in further detail
below 1n connection with FIG. 6; however, generally, server
systems 10 and client systems 14 may be remote from each
other and communicate over a network 12. The network 12
may be implemented by any number of any suitable com-
munications media (e.g., wide area network (WAN), local
area network (LAN), Internet, Intranet, etc.). Alternatively,
server systems 10 and client systems 14 may be local to each
other, and communicate via any appropriate local commu-
nication medium (e.g., local area network (LAN), hardwire,
wireless link, Intranet, etc.).

In the present invention embodiment depicted in FIG. 1,
the server system 10 includes a geographic data module 16;
however, as shown in dashed lines, in other embodiments,
the geographic data module 16 may also be disposed, either
entirely or partially, on the client systems 14. Geographic
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data module 16 may include one or more modules or units
to perform the various functions of present nvention
embodiments. As 1s described in further detail below, the
geographic data module 16 1s generally configured to 1den-
tily and visualize geographic data included in a data set. In
at least some embodiments, the client systems 14 may

present a graphical user iterface (e.g., GUI, etc.) or other
such user 1nterface to allow a user to upload a set of data to
the server systems 10 so that geographic data can be
identified and visualized.

Still referring to FIG. 1, the network environment 100
may also include a database system 18 that may store
various information for the geographic data module 16 (e.g.,
map data, map rendering instructions, etc.). The database
system 18 may be implemented by any conventional or other
system, such as a database or storage unit, may be local to
or remote from server systems 10 and client systems 14, and
may communicate via any appropriate communication
medium (e.g., local area network (LAN), wide area network
(WAN), Internet, hardwire, wireless link, Intranet, etc.).

With reference now to FIG. 2, procedural tlow chart 200
depicts operations (e.g., of geographic data module 16) for
identifving or detecting geographic data and visualizing the
identified geographic data. Imitially, at step 202, a set of data
including candidate geographic data elements (also referred
to herein as candidate elements, candidate data objects, etc.)
1s obtained. For example, a client system may send a data set
to a server system upon which the geographic data module
16 1s residing. In at least some embodiments, the data set 1s
a structured data set, such that the mput data has column
names and a set of values. For example, a data set may

include a table with a first column for a state and a second
column for counties, such as the following:

Alabama Hale
Alabama Henry
Alabama Houston
Alabama Jackson
Alabama Jefferson
Alabama Lamar
Alabama Laurderdale
Alabama Lawrence
Alabama Lee
Alabama Limestone
Alabama Lowndes
Alabama Macon
Alabama Madison
Alabama Marengo
Alabama Marion
Alabama Marshall

In this particular example, the candidate geographic data
clements are the strings included in the right column, but
generally, the candidate geographic data elements may be
any sub-clements within a data set. The strings or sub-
clements are identified as candidate geographic data ele-
ments using textual analysis, such as by utilizing pattern
matching to 1dentify particular strings (e.g., lemmas and/or
stems) and cross-referencing the 1dentified strings with a set
of known geographic terms (e.g., an established ontology or
taxonomy of geographic terms). Additionally or alterna-
tively, 11 the set of data includes labels, the labels may be
analyzed 1n a similar manner. Put another way, data 1n a set
of data may be analyzed with a set of textual analysis rules
to 1dentily candidate geographic data elements.

As an example, 11 the table above 1s analyzed with textual
analysis, both columns may be determined to be candidate
geographic data elements. In fact, a simple ontology might
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be able to easily determine that the data set 1s providing a
concept of counties within a state (Alabama); however, this
table 1s merely an example and, 1n other embodiments, the
data set received may not indicate that the data 1s geographic
data so clearly. For example, 11 another data set (e.g., a CSV
file) only includes the following data: “Hale, Henry, Hous-
ton, Jackson, Jeflerson, Lawrence, Lee,” (without a state
column or any metadata) 1t may be unclear 11 the data 1s
geographic data or names. As another example, 11 a data set
includes the data element “Georgia” or the data element
“Montgomery” without obvious context, 1t be unclear as to
whether the data element 1s referring to state, country, peach
type, or name (e.g., for Georgia), a city, county, name, street,
etc. (e.g., for Montgomery), or some other entity. This
becomes exponentially diflicult as the geographic data refers
to lower hierarchies (e.g., counties, cities, or even street
names).

As 1s described in further detail below, the techniques
presented herein resolve these 1ssues once a data set 1s
obtained at step 202 by analyzing a number of metrics
associated with candidate data elements. The techniques
provided herein can identify candidate geographic data
clements at any level of a geographic hierarchy (e.g., as low
as street addresses and as high as continents) and consider
any desirable geographic field, ranging from postal codes, to
regions, to provinces, to prefectures. In fact, in some
embodiments, different hierarchies from diflerent countries
may be conflated 1n order to standardize geographic data
over the globe. For example, provinces in Canada may be
equated to states 1 the Umted States and regions in the
United Kingdom (e.g., England, Scotland, etc.).

At step 204, a best parent 1s determined for candidate
geographic data elements. The best parent 1s a data element
that encompasses or describes the most sub-clements deter-
mined to be candidate geographic data elements. In some
embodiments, the best parent may be determined by 1den-
tifying an element with the best coverage of sub-elements
within the data. Additionally or alternatively, a best parent
may be determined by identifying or locating a parent
clement in the data. For example, 1n the data set included 1n
the table above, ‘Alabama’ may be the best parent because
it has a parent relationship with each piece of data included
in the right column and because it covers every sub-element
included in the right column. Alternatively, 1f the data set
includes a column with values that are all clearly sub-
clements of a particular parent, this parent may be 1dentified
by consulting a geographic resource or built in intelligence
(even though the parent 1s not explicitly included 1n the data
set). For example, 1 the data set above was received without
the first column, analysis may determine that all of the data
elements 1n the second column are counties 1n Alabama and,
thus, Alabama may be determined to be the best parent.

Moreover, 1n some embodiments, best parents may be
found with recursive behavior to increase the confidence
level of a geographic data determination. For example,
counties can be checked against states which can be checked
against a country, and so forth. Since 1t 1s usually easier to
identify data as geographic data higher up 1n a geographic
hierarchy (e.g., states and countries typically have less
overlap with commonly used words or names), 1dentifying
a geographic best parent higher 1n a hierarchy may provide
increased confidence that the candidate geographic data
clements are indeed geographic data elements. For example,
if an 1dentified best parent state/province includes all of the
candidate geographic data elements (e.g., county names);
the candidate geographic data elements may be likely to
actually be geographic data elements.
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At step 206, additional concepts associated with the
candidate geographic data elements may be 1dentified. Spe-
cifically, non-geographic concepts associated with the can-
didate geographic data elements may be identified so that
other possible meanings of the candidate geographic data
clements may be considered. For example, 1f a data set
includes John, Jeflerson, and Georgia, a concept for people’s
names 1s 1dentified as an additional concept that could
describe the data. In at least some embodiments, the com-
plete ontology of a data element 1s reviewed in order to
determine other concepts associated with the candidate
geographic data elements. In fact, in at least some embodi-
ments, the additional concepts may not be considered unless
the complete ontology 1s available, since an mcomplete
ontology might improperly indicate that no other concepts
are associated with the candidate geographic data element.

At step 208, an average geographic distance between the
candidate geographic data elements may be determined. The
average may be a mean or weighted mean of the geographic
distances between all of the candidate geographic data
clements or a mean or weighted mean of the distances from
cach candidate geographic data element to 1ts closest can-
didate geographic data element. The distance between can-
didate geographic data elements may be determined by
measuring the distance between the latitudinal and longitu-
dinal coordinates of the centers of two geographic areas. In
some embodiments, this may be simplified by approximat-
ing each geographic area as a shape and determining the
center 1n accordance with geometric formulas. Additionally
or alternatively, the distances may be determined or adjusted
in view of border locations (e.g., by analyzing GeoJSON
border encodings). The borders may reveal whether two
areas are bordering and, thus, may allow for a reduction of
a distance to zero when two geographic areas are bordering,
even 11 the distance between centers 1s measuring relatively
high (which may be the case 1n higher geographic hierar-
chues). Thus, large, but adjacent geographic areas will not
skew the results despite having two centers being separated
by hundreds of miles (e.g., the centers of Colorado and
Wyoming).

At step 210, the candidate geographic data elements can
be i1dentified as geographic data elements that should be
displayed 1n a virtual map. The identification 1s based on at
least one of the best parent, the additional concepts, and the
average distance (e.g., at least one of the metrics discussed
above). In fact, 1n at least some embodiments, all three
metrics are considered i1n order to ensure accuracy. Each of
the metrics determined 1n steps 204, 206, and 208 may be
negatively or positively correlated with the candidate geo-
graphic data eclements being geographic and may be
weighted or considered mn any manner. In at least some
embodiments, each of these metrics may be scored or
numerically represented and aggregated 1n order to deter-
mine a likelithood score, as 1s described 1n more detail below
with regards to FIGS. 3 and 4. Then, when the likelihood
score 1S above a certain threshold, candidate geographic data
clements may be i1dentified as geographic.

Generally, different metrics may be determined in con-
nection with the best parent and each of the different metrics
may have a different correlation, as 1s described in more
detail 1n connection with FIGS. 3 and 4. By comparison, the
number of additional concepts associated with the candidate
geographic data elements i1s negatively correlated with the
candidate geographic data elements being geographic and,
thus, additional 1dentified concepts may decrease the chance
of candidate geographic data elements being geographic
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(thereby decreasing the likelihood that an accurate visual-
1ization should depict these elements on a map).

Similarly, the average geographic distance between can-
didate geographic data elements may also be negatively
correlated with the candidate geographic data elements
being geographic so that a larger average geographic dis-
tance decreases the chance of candidate geographic data
clements being geographic. The average distance may have
a negative correlation because when larger distances exist
between elements, the elements are less likely to be usetul
when displayed on a map (e.g., the richness of a map may
increase when focused on a smaller overall area). For
example, 1f three counties within Texas are i1dentified, the
subsequent map would only need to cover a portion of
Texas, but 11 one county in USA, one county in Thailand,
and one county in Brazil are identified, the subsequently
generated map would need to show nearly the entire globe
and would not be able to provide much detail 1n any of the
identified locations. It 1s also less likely that a set of data
includes widely dispersed geographic data (and more likely
that closely situated geographic elements are included 1n the
same data set).

At step 212, candidate geographic data elements that have
been 1dentified as geographic are visualized. In particular, a
map 1ncluding the candidate elements i1s generated and
displayed. In some embodiments, generating a map may
involve generating display layers for the candidate geo-
graphic data elements and overlaying the generated display
layers onto a base map. The map may focus on the particular
region or regions that are covered by the candidate elements
and, thus, may quickly provide a user with a useful view of
geographic data. A generated map may also show any
desirable details of a covered area, such as roadways, a
satellite view, traflic patterns, etc. Moreover, since the
techniques provided herein remove false positives, data that
resembles geographic data, but 1s not 1n fact geographic data
will not be visualized 1n a mapped environment, which
might be confusing or unhelpiul. In other words, the tech-
niques provided herein may improve computer processing
speed and efliciency (e.g., 1n terms of time) by only pro-
cessing those data sets that include geographic data elements
for display on a map.

Now referring to FIG. 3, procedural flow chart 300
depicts operations (e.g., of geographic data module 16) for
identifying geographic data based on the best parent. At step
302, an average hierarchal distance to the parent may be
determined. The hierarchal distance may measure or count
the number of levels between the candidate geographic data
clements and the best parent. For example, 1f a data set
includes a few counties in the Unmited States, one county (or
equivalent geographic structure) in Germany, and one
county (or equivalent geographic structure) in China, the
common parent would be the Earth because the data is
spread over different countries and continents {North
America, Europe, Asia} and the parent may separated from
the candidate geographic data elements by three levels (e.g.,
counties to states, to countries to continents to Earth).
Similar to the average geographic distance between candi-
date geographic data clements, this distance negatively
correlates with the candidate geographic data elements being
geographic. This 1s at least because 1t may not be usetul to
present a user with a map that, by default, shows large
expanses that are hierarchaly distant from the candidate
geographic data elements. As a specific example, 1n the
example above, every single county in the world would need
to be mapped to show all of the candidate geographic data
clements, even though only five or six counties have data. In
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other words, this data would have a representation of 5/TO-
TAL_NUM_OF_COUNTIES_WORLD, which 1s essen-

tially 0% and, thus, would be unlikely to be helptul if
visualized 1n a map.

At step 304, coverage of the best parent can be deter-
mined. The coverage relates to how many elements from the
candidate geographic data elements are associated with the
best parent. As 1s described 1n further detail below, this
metric may be positively correlated with candidate geo-
graphic data elements being geographic so that a best parent
covering more candidate geographic data elements tends to
show that the candidate geographic data elements are geo-
graphic and should be displayed 1n a map. For example, 1
a subset includes one or two counties from five different
states 1n the USA, this may suggest that the data could be
about one to one with respective parents in the next highest
hierarchy (e.g., states). By comparison, 1 the data set
includes one or two states with five counties each, each
parent 1n the next highest hierarchy (e.g., states) may have
wider coverage and this would provide more confidence that
the data set 1s representing counties (as opposed to being a
list of names that happens to correlate similarly to county
names 1n different states).

At step 306, a number of candidate geographic data
clements 1included at a same level of geographic hierarchy
under the best parent may be determined. In other words, 1
the best parent 1s a state that covers 15 candidate geographic
data elements, 1t 1s determined how many of these candidate
geographic data elements are counties within the state, how
many are cities within the state, and so forth. As 1s described
in further detail below, this metric may be positively corre-
lated with candidate geographic data elements being geo-
graphic so that a best parent with more candidates in the
same hierarchy tends to show that the candidates are geo-
graphic. This 1s at least because as the number of candidate
geographic data elements 1n a specific hierarchy grows, the
harder it becomes to find additional elements 1n the same
hierarchy. Consequently, 1t 1s less likely that the candidate
geographic data elements are not geographic as more ele-
ments are found within the same hierarchy.

Now referring to FIG. 4, procedural flow chart 400
depicts operations (e.g., of geographic data module 16) for
determining a likelithood score. The likelithood score repre-
sents the likelihood that the candidate geographic data
clements are geographic. As mentioned above, the best
parent can impact the likelthood score i a number of
manners. Consequently, at step 402, the likelithood score
may be increased as the average distance to the best parent
decreases (since this metric 1s negatively correlated with the
candidate geographic data elements being geographic), the
number of candidate geographic data elements covered by
the best parent increases (since this metric 1s positively
correlated with the candidate geographic data elements
being geographic), or the number of candidate geographic
data elements in a particular hierarchy increases (since this
metric 1s positively correlated with the candidate geographic
data elements being geographic).

At step 404, the likelihood score may be increased as the
number of additional concepts found by analyzing the
complete ontology decreases. This 1s at least because the
number of additional concepts found 1s negatively correlated
with the candidate geographic data elements being geo-
graphic. Finally, at step 406, the likelithood score may be
increased as the distance between the candidate geographic
data elements decreases since the distance between candi-
dates 1s negatively correlated with the candidate geographic
data elements being geographic.
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More specifically, 1n at least some embodiments, each of
the aforementioned elements may be defined numerically by
the following equations:

The average coverage of the parent element may be
represented as A and defined as a real number (R) between
0 and 1, per {AIAER and A€[0, 1]}, so that A defines the
percentage of candidate elements covered by the best parent.

The average distance to the best parent may be repre-
sented as B and defined as a natural number (positive
integer) between as 0 and 6, per {BIBEN and BE[0, 6]}. In
some embodiments, this range may represent seven level of
geographic hierarchy minus the existing level. However, 1f
the depth of the geography considered 1s altered, this range
may be altered accordingly.

The count of recognizable geographic elements at the
same level may be represented as C and defined as a natural
number between 1 and X, where X represents the total
number of rows included in the data set, per {CICEN and
Ce[1, X]}, so that C is a count that cannot exceed the
number of rows.

The distance between the candidate geographic data ele-
ments may be represented as D and may be a real number
greater than 0, per {DIDER and D>0}. For example, D may
be a distance between elements in kilometers.

The number of additional concepts associated with the
candidate geographic data elements may be represented as E
and may be a positive integer, per {EIEEN].

Moreover, 1n at least some embodiments, the number of
rows may also be considered when determining the likeli-
hood score since the number of rows provides context for the
data. As mentioned above, the number of rows may be
represented as X and may be any positive integer, per
IXIXEN}.

Once a score 1s determined for each of the aforementioned
metrics or elements (e.g., for A, B, C, D, E, and X), the score
for each metric or element may be weighted in an aggrega-

tion formula to determine a likelihood score, such as the
following formula:

C
A+ —

likelihood. .., = A
B+ 1)xD«E

Notably, the negatively correlated elements (B, D, and E) are
included on the bottom of the formula, while positively
correlated elements (A and C) are included at the top of the
formula.

Once this aggregated likelihood score 1s determined, it
may be compared, at step 408, to a threshold. If the score 1s
above the threshold, the candidate geographic data elements
may be considered to be geographic. The threshold may be
a predetermined threshold determined based on testing or a
dynamic threshold determined based on running averages
and other such factors. However, the threshold should be
high enough to accurately determine when candidate data
clements are geographic. That being said, 1n some embodi-
ments, 1f one of the factors score very low, it may be possible
to dump or 1gnore this factor (e.g., consider it an outlier),
especially if the other factors provide high confidence. For
example, 11 a high number of additional concepts are 1den-
tified, but every other factor indicates that the data 1s
geographic, the additional concepts may be ignored and the
candidate geographic data elements may be considered
geographic 1f desired.
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Referring generally to FIG. 4, in some embodiments,
scores may be determined for any data objects or group of
data objects determined to be candidate geographic objects.
Alternatively, the number of operations may be reduced by
first determining scores for column names or labels (if they
exist) and only subsequently analyzing candidate geo-
graphic data elements when an associated column name or
label 1s determined to be geographic (e.g., when the likel:-
hood score for a column or label satisfies the threshold).
Additionally or alternatively, data elements may be filtered
with any other method, such as imperfect ontologies that
sometimes produce false positives, before being analyzed
with the techniques presented herein (e.g., before a likeli-
hood score 1s calculated).

Referring now to FIG. 5, a schematic of an example of a
computing node or device 510 for computer environment
100 (e.g., server systems 10 and client systems 14, etc.) 1s
shown. The computing node or device 510 i1s only one
example of a suitable computing node for computing envi-
ronment 100 and 1s not intended to suggest any limitation as
to the scope of use or functionality of embodiments of the
invention described herein. Regardless, computing node 510
1s capable of being implemented and/or performing any of
the functionality set forth herein.

In computing node 510, there 1s a computer system 512
which 1s operational with numerous other general purpose or
special purpose computing system environments or configu-
rations. Examples of well-known computing systems, envi-
ronments, and/or configurations that may be suitable for use
with computer system 512 include, but are not limited to,
personal computer systems, server computer systems, thin
clients, thick clients, hand-held or laptop devices, multipro-
cessor systems, microprocessor-based systems, set top
boxes, programmable consumer electronics, network PCs,
minicomputer systems, mainirame computer systems, and
distributed cloud computing environments that include any
of the above systems or devices, and the like.

Computer system 512 may be described in the general
context ol computer system executable 1nstructions, such as
program modules, being executed by a computer system.
Generally, program modules may include routines, pro-
grams, objects, components, logic, data structures, and so on
that perform particular tasks or implement particular abstract
data types. Computer system 312 may be practiced 1n
distributed cloud computing environments where tasks are
performed by remote processing devices that are linked
through a communications network. In a distributed cloud
computing environment, program modules may be located
in both local and remote computer system storage media
including memory storage devices.

In FIG. 6, computer system 512 1s shown 1n the form of
a general-purpose computing device. The components of
computer system 512 may include, but are not limited to,
One Or more processors or processing units 316, a system
memory 528, and a bus 518 that couples various system
components including system memory 528 to processor 516.

Bus 518 represents one or more of any of several types of
bus structures, including a memory bus or memory control-
ler, a peripheral bus, an accelerated graphics port, and a
processor or local bus using any of a variety of bus archi-
tectures. By way of example, and not limitation, such
architectures include Industry Standard Architecture (ISA)
bus, Micro Channel Architecture (IMCA) bus, Enhanced ISA
(EISA) bus, Video Flectronics Standards Association
(VESA) local bus, and Peripheral Component Interconnects

(PCI) bus.
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Computer system 512 typically includes a vanety of
computer system readable media. Such media may be any
available media that 1s accessible by computer system 512,
and 1t includes both volatile and non-volatile media, remov-
able and non-removable media.

System memory 328 can include computer system read-
able media 1n the form of volatile memory, such as random
access memory (RAM) 330 and/or cache memory 532.
Computer system 512 may further include other removable/
non-removable, volatile/non-volatile computer system stor-
age media. By way of example only, storage system 334 can
be provided for reading from and writing to a nonremovable,
non-volatile magnetic media (not shown and typically called
a “hard drive”). Although not shown, a magnetic disk drive
for reading from and writing to a removable, non-volatile
magnetic disk (e.g., a “floppy disk’), and an optical disk
drive for reading from or writing to a removable, non-
volatile optical disk such as a CD-ROM, DVD-ROM or
other optical media can be provided. In such instances, each
can be connected to bus 518 by one or more data media
interfaces. As will be further depicted and described below,
memory 3528 may include at least one program product
having a set (e.g., at least one) of program modules that are
configured to carry out the functions of embodiments of the
invention.

Program/utility 540, having a set (at least one) of program
modules 542, may be stored in memory 3528 by way of
example, and not limitation, as well as an operating system,
one or more application programs, other program modules,
and program data. Each of the operating system, one or more
application programs, other program modules, and program
data or some combination thereof, may include an 1mple-
mentation of a networking environment. Program modules
542 (e.g., including geographic data module 16) generally
carry out the functions and/or methodologies of embodi-
ments of the mvention as described herein.

Computer system 512 may also commumnicate with one or
more external devices 514 such as a keyboard, a pointing
device, a display 524, etc.; one or more devices that enable
a user to interact with computer system 512; and/or any
devices (e.g., network card, modem, etc.) that enable com-
puter system 3512 to communicate with one or more other
computing devices. Such communication can occur via
Input/Output (I/O) interfaces 522. Still yet, computer system
512 can communicate with one or more networks such as a
local area network (LAN), a general wide area network
(WAN), and/or a public network (e.g., the Internet) via
network adapter 520. As depicted, network adapter 520
communicates with the other components of computer sys-
tem 512 via bus 518. It should be understood that although
not shown, other hardware and/or soltware components
could be used 1n conjunction with computer system 512.
Examples, include, but are not limited to: microcode, device
drivers, redundant processing units, external disk drive
arrays, RAID systems, tape drives, and data archival storage
systems, €lc.

The techniques provided herein have a number of advan-
tages. As one example, the combination of factors consid-
ered to make a determination as to whether a candidate
geographic data element 1s geographic may reduce false
positives and provide confidence when mapping geographic
data. This may be beneficial for the plethora of applications
that are not utilizing location information, since false posi-
tives (e.g., non-geographic data identified as geographic) are
reduced. Moreover, for data analysis and visualization, the
techniques presented herein may ensure that data 1s visual-
ized 1n the most useful manner. More generally, the tech-



US 11,138,244 B2

11

niques provided herein resolve a problem that 1s rooted in
computer technology by resolving computerized data analy-
s1s 1ssues with recogmzing geographic data. Without these
techniques, non-geographic data may be 1dentified as geo-
graphic which may cause subsequent 1ssues with analysis,
visualization, and other such operations. For example, fam-
i1ly names might be incorrectly displayed on a map during
data visualization.

It will be appreciated that the embodiments described
above and 1llustrated in the drawings represent only a few of
the many ways of implementing embodiments for 1dentify-
ing and virtualizing geographic data.

The environment of the present invention embodiments
may include any number of computer or other processing,
systems (e.g., client or end-user systems, server systems,
etc.) and databases or other repositories arranged in any
desired fashion, where the present mvention embodiments
may be applied to any desired type of computing environ-
ment (e.g., cloud computing, client-server, network comput-
ing, mainiframe, stand-alone systems, etc.). The computer or
other processing systems employed by the present invention
embodiments may be implemented by any number of any
personal or other type of computer or processing system
(e.g., desktop, laptop, PDA, mobile devices, etc.), and may
include any commercially available operating system and
any combination of commercially available and custom
soltware (e.g., browser software, communications software,
server software, geographic data module, etc.). These sys-
tems may include any types of monitors and mnput devices
(e.g., keyboard, mouse, voice recognition, etc.) to enter
and/or view information.

It 1s to be understood that the software (e.g., geographic
data module 16) of the present invention embodiments may
be implemented 1n any desired computer language and could
be developed by one of ordinary skill in the computer arts
based on the functional descriptions contained 1n the speci-
fication and flow charts illustrated in the drawings. Further,
any references herein of software performing various func-
tions generally refer to computer systems or processors
performing those functions under software control. The
computer systems ol the present immvention embodiments
may alternatively be implemented by any type of hardware
and/or other processing circuitry.

The various functions of the computer or other processing
systems may be distributed in any manner among any
number of software and/or hardware modules or units,
processing or computer systems and/or circuitry, where the
computer or processing systems may be disposed locally or
remotely of each other and communicate via any suitable
communications medium (e.g., LAN, WAN, Intranet, Inter-
net, hardwire, modem connection, wireless, etc.). For
example, the functions of the present mvention embodi-
ments may be distributed in any manner among the various
end-user/client and server systems, and/or any other inter-
mediary processing devices. The software and/or algorithms
described above and illustrated in the flow charts may be
modified in any manner that accomplishes the functions
described herein. In addition, the functions 1n the flow charts
or description may be performed 1n any order that accom-
plishes a desired operation.

The software of the present invention embodiments (e.g.,
geographic data module 16) may be available on a non-
transitory computer useable medium (e.g., magnetic or opti-
cal mediums, magneto-optic mediums, tloppy diskettes,
CD-ROM, DVD, memory devices, etc.) of a stationary or
portable program product apparatus or device for use with
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stand-alone systems or systems connected by a network or
other communications medium.

The communication network may be implemented by any
number of any type of communications network (e.g., LAN,
WAN, Internet, Intranet, VPN, etc.). The computer or other
processing systems ol the present mvention embodiments
may 1include any conventional or other communications
devices to communicate over the network via any conven-
tional or other protocols. The computer or other processing
systems may utilize any type of connection (e.g., wired,
wireless, etc.) for access to the network. Local communi-
cation media may be implemented by any suitable commu-
nication media (e.g., local area network (LAN), hardwire,
wireless link, Intranet, etc.).

The system may employ any number of any conventional
or other databases, data stores or storage structures (e.g.,
files, databases, data structures, data or other repositories,
etc.) to store mformation (e.g., likelihood scores and for-
mulas, map data, and other geographic information, etc.).
The database system may be implemented by any number of
any conventional or other databases, data stores or storage
structures (e.g., files, databases, data structures, data or other
repositories, etc.) to store information (e.g., likelithood
scores and formulas, map data, and other geographic infor-
mation, etc.). The database system may be included within
or coupled to the server and/or client systems. The database
systems and/or storage structures may be remote from or
local to the computer or other processing systems, and may
store any desired data (e.g., likelihood scores and formulas,
map data, and other geographic information, etc.).

The present invention embodiments may employ any
number of any type of user interface (e.g., Graphical User
Interface (GUI), command-line, prompt, etc.) for obtaining
or providing information (e.g., for submitting a data set or
receiving a displayed map.), where the interface may include
any information arranged 1n any fashion. The interface may
include any number of any types of iput or actuation
mechanisms (e.g., buttons, 1cons, fields, boxes, links, etc.)
disposed at any locations to enter/display information and
initiate desired actions via any suitable input devices (e.g.,
mouse, keyboard, touchscreen, etc.). The interface screens
may include any suitable actuators (e.g., links, tabs, etc.) to
navigate between the screens 1n any fashion.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are mtended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises™, “compris-
ing”, “includes”, “including”, “has”, “have”, “having”,
“with” and the like, when used 1n this specification, specily
the presence of stated features, integers, steps, operations,
clements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements in the
claims below are intended to include any structure, matenal,
or act for performing the function 1n combination with other
claimed elements as specifically claimed. The description of
the present mvention has been presented for purposes of
illustration and description, but 1s not intended to be exhaus-
tive or limited to the mnvention in the form disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the mmvention. The embodiment was chosen and
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described 1n order to best explain the principles of the
invention and the practical application, and to enable others
of ordinary skill in the art to understand the immvention for
vartous embodiments with various modifications as are
suited to the particular use contemplated.

The descriptions of the various embodiments of the
present 1nvention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill 1n the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

The present invention may be a system, a method, and/or
a computer program product at any possible technical detail
level of itegration. The computer program product may
include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present
invention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1 each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
istructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
istructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
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microcode, firmware instructions, state-setting data, con-
figuration data for integrated circuitry, or etther source code
or object code written 1 any combination of one or more
programming languages, including an object oriented pro-
gramming language such as Smalltalk, C++, or the like, and
procedural programming languages, such as the “C” pro-
gramming language or similar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, 1n order to
perform aspects of the present invention.

Aspects of the present invention are described herein with
reference to flowchart 1llustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the mvention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be 1mple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the tlowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
istructions which implement aspects of the function/act
specified 1n the flowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer 1mple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified in the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams 1n the Figures 1llustrate
the architecture, functionality, and operation of possible
implementations ol systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion ol instructions, which comprises one or more
executable 1nstructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
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functions noted in the blocks may occur out of the order
noted 1n the Figures. For example, two blocks shown in
succession may, 1n fact, be executed substantially concur-
rently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts or carry out
combinations ol special purpose hardware and computer
instructions.
What 1s claimed 1s:
1. A computer-implemented method of i1dentifying and
visualizing geographic data comprising;:
obtaining a set of data including candidate geographic
data elements;
determining metrics based on a best parent for the can-
didate geographic data elements, additional non-geo-
graphic concepts associated with the candidate geo-
graphic data elements from one or more ontologies of
the candidate geographic data elements, and an average
geographic distance between the candidate geographic
data elements, wherein the best parent includes a great-
est quantity of parent relationships 1 a geographic
hierarchy with other candidate geographic data ele-
ments;
identifying the candidate geographic data elements as
geographic based on the metrics, wherein identifying
the candidate geographic data elements includes:
generating a likelihood score based on the best parent,
the additional non-geographic concepts, and the
average geographic distance between the candidate
geographic data elements;
increasing the likelihood score as a number of candi-
date geographic data elements covered by the best
parent 1ncreases, as a number of the additional non-
geographic concepts decreases, and as the average
geographic distance between the candidate geo-
graphic data elements decreases; and
identifying the candidate geographic data elements as
geographic when the likelihood score exceeds a
threshold; and
generating a map displaying the candidate geographic
data elements 1dentified as geographic.
2. The computer-implemented method of claim 1,
wherein generating the likelihood score comprises:
generating the likelihood score based on an aggregation of
a score associated with the best parent, a score associ-
ated with the additional non-geographic concepts, and
a score associated with the average geographic dis-
tance.
3. The computer-implemented method of claim 2, further
comprising:
determining the score associated with the best parent by
analyzing the candidate geographic data elements
based on one or more from a group of:
an average distance of the candidate geographic data
clements to the best parent;
a number of candidate geographic data elements cov-
ered by the best parent; and
a number of candidate geographic data eclements
included at a same level of the geographic hierarchy
under the best parent,
wherein there 1s a negative correlation between the
likelithood score and the average distance of the
candidate geographic data elements to the best par-
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ent, a positive correlation between the likelihood
score and the number of candidate geographic data
clements covered by the best parent, and a positive
correlation between the likelihood score and the
number of candidate geographic data elements
included at the same level of the geographic hierar-
chy under the best parent.

4. The computer-implemented method of claim 2, further
comprising;

determining the score associated with the additional non-

geographic concepts by analyzing a complete ontology
of the candidate geographic data elements, wherein
there 1s a negative correlation between the likelihood
score and the number of additional non-geographic
concepts 1n the complete ontology.

5. The computer-implemented method of claim 2,
wherein there 1s a negative correlation between the likeli-
hood score and the average geographic distance between the
candidate geographic data elements.

6. The computer-implemented method of claim 2,
wherein the aggregation further aggregates a score deter-
mined based on a number of rows included 1n the set of data.

7. The computer-implemented method of claim 1,
wherein data included 1n the set of data 1s structured data that
does not indicate whether the data 1s geographic data.

8. An apparatus for identitying and visualizing geographic
data comprising;:

at least one processor configured to:

obtain a set of data including candidate geographic data
elements;

determine metrics based on a best parent for the can-
didate geographic data elements, additional non-
geographic concepts associated with the candidate
geographic data elements from one or more ontolo-
gies of the candidate geographic data elements, and
an average geographic distance between the candi-
date geographic data elements, wherein the best
parent includes a greatest quantity of parent relation-
ships 1n a geographic hierarchy with other candidate
geographic data elements;

identity the candidate geographic data elements as geo-

graphic based on the metrics, wherein i1dentifying the

candidate geographic data elements mcludes:

generating a likelthood score based on the best parent,
the additional non-geographic concepts, and the
average geographic distance between the candidate
geographic data elements;

increasing the likelihood score as a number of candi-
date geographic data elements covered by the best
parent 1ncreases, as a number of the additional non-
geographic concepts decreases, and as the average
geographic distance between the candidate geo-
graphic data elements decreases; and

identifying the candidate geographic data elements as
geographic when the likelihood score exceeds a
threshold; and

generate a map displaying the candidate geographic data

clements 1dentified as geographic.

9. The apparatus of claim 8, wherein, in generating the
likelihood score, the at least one processor 1s configured to:

generate the likelihood score based on an aggregation of

a score associated with the best parent, a score associ-
ated with the additional non-geographic concepts, and
a score associated with the average geographic dis-
tance.

10. The apparatus of claim 9, wherein, the at least one
processor 1s further configured to:
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determine the score associated with the best parent by

analyzing the candidate geographic data elements

based on one or more from a group of:

an average distance of the candidate geographic data
clements to the best parent;

a number of candidate geographic data elements cov-
ered by the best parent; and

a number of candidate geographic data eclements
included at a same level of the geographic hierarchy
under the best parent,

wherein there 1s a negative correlation between the
likelithood score and the average distance of the
candidate geographic data elements to the best par-
ent, a positive correlation between the likelihood
score and the number of candidate geographic data
clements covered by the best parent, and a positive
correlation between the likelihood score and the
number of candidate geographic data elements
included at the same level of the geographic hierar-
chy under the best parent.

11. The apparatus of claim 9, wherein the at least one
processor 1s further configured to:

determine the score associated with the additional non-

geographic concepts by analyzing a complete ontology
of the candidate geographic data elements, wherein
there 1s a negative correlation between the likelihood
score and number of additional non-geographic con-
cepts 1n the complete ontology.

12. The apparatus of claim 9, wherein there 1s a negative
correlation between the likelihood score and the average
geographic distance between the candidate geographic data
clements.

13. The apparatus of claim 9, wherein the aggregation
turther aggregates a score determined based on a number of
rows 1ncluded 1n the set of data.

14. The apparatus of claim 8, wherein data included 1n the
set of data 1s structured data that does not include an
indication as whether the data 1s geographic data.

15. A computer program product for identifying and
visualizing geographic data, the computer program product
comprising one or more computer readable storage media
collectively having program instructions embodied there-
with, the program instructions executable by at least one
processor to cause the at least one processor to:

obtain a set of data including candidate geographic data

elements;

determine metrics based on a best parent for the candidate

geographic data elements, additional non-geographic
concepts associated with the candidate geographic data
clements from one or more ontologies of the candidate
geographic data elements, and an average geographic
distance between the candidate geographic data ele-
ments, wherein the best parent includes a greatest
quantity of parent relationships 1n a geographic hierar-
chy with other candidate geographic data elements;
identify the candidate geographic data elements as geo-
graphic based on the metrics wherein 1dentifying the
candidate geographic data elements icludes:
generating a likelihood score based on the best parent,
the additional non-geographic concepts, and the
average geographic distance between the candidate
geographic data elements;
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increasing the likelihood score as a number of candi-
date geographic data elements covered by the best
parent 1ncreases, as a number of the additional non-
geographic concepts decreases, and as the average
geographic distance between the candidate geo-
graphic data elements decreases; and

identifying the candidate geographic data elements as
geographic when the likelihood score exceeds a

threshold; and

generate a map displaying the candidate geographic data

clements 1dentified as geographic.

16. The computer program product of claim 15, wherein
the program instructions to generate the likelithood score
further comprise program instructions executable by the at
least one processor to cause the at least one processor to:

generate the likelihood score based on an aggregation of

a score associated with the best parent, a score associ-
ated with the additional non-geographic concepts, and
a score associated with the average geographic dis-
tance.

17. The computer program product of claim 16, further
comprising program instructions executable by the at least
one processor to cause the at least one processor to:

determine the score associated with the best parent by

analyzing the candidate geographic data eclements

based on one or more from a group of:

an average distance of the candidate geographic data
clements to the best parent;

a number of candidate geographic data elements cov-
ered by the best parent; and

a number of candidate geographic data elements
included at a same level of the geographic hierarchy
under the best parent,

wherein there 1s a negative correlation between the
likelithood score and the average distance of the
candidate geographic data elements to the best par-
ent, a positive correlation between the likelihood
score and the number of candidate geographic data
clements covered by the best parent, and a positive
correlation between the likelithood score and the
number of candidate geographic data elements
included at the same level of the geographic hierar-
chy under the best parent.

18. The computer program product of claim 16, further
comprising program instructions executable by the at least
one processor to cause the at least one processor to:

determine the score associated with the additional non-

geographic concepts by analyzing a complete ontology
of the candidate geographic data elements, wherein
there 1s a negative correlation between the likelithood
score and number of additional non-geographic con-
cepts 1n the complete ontology.

19. The computer program product of claim 16, wherein
there 1s a negative correlation between the likelthood score
and the average geographic distance between the candidate
geographic data elements.

20. The computer program product of claim 15, wherein
data included in the set of data 1s structured data that does
not include an indication as whether the data 1s geographic
data.
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