wO 2016/190849 A 1[I I N0F V000 0 00O O O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/190849 A1l

(51

eay)

(22)

(25)
(26)
1

(72

74

31

1 December 2016 (01.12.2016) WIPO | PCT
International Patent Classification:
GO6F 19/26 (2011.01)
International Application Number:
PCT/US2015/032376

International Filing Date:
26 May 2015 (26.05.2015)

Filing Language: English

Publication Language: English

Applicant: WILLIAM MARSH RICE UNIVERSITY
[US/US]; 6100 Main Street, Houston, Texas 77005 (US).

Inventors: BISBERG, Alex; 6100 Main Street, MS142,
Room 613, Houston, Texas 77030 (US). HU, Chenyue;
6500 Main Street, MS142, Houston, Texas 77030 (US).
QUTUB, Amina A.; 6100 Main Street, MS142, Houston,
Texas 77005 (US).

Agent: LENART, Edward J.; Kennedy Lenart Spraggins
LLP, 8601 Ranch Road 2222, Ste. 1-225, Austin, Texas
78730 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(34

Title: GENERATING A DATA VISUALIZATION

(57) Abstract: Generating a data visualization, including: receiving an input
data set comprising a plurality of data objects; receiving a first and second

RAM 168
Visualization Generator 115

Computer 152

Data Uploading Interface 110

Module Selector Interface 111

Visualization Module Generator

Visualization Store 113

Memory
Bus 166

Connection Option Interface

S
=
[z

Operaling System 154

Disk Drive
Adapter 172

Communications
Adapter 167

10 Adapter
178

Network 100 Other Computers ¥ =
182 User Input Data Storage
‘ — Device 181 170

Playback Device
426

FIG. 1

visualization type selections; generating a first and second visualization
modules using the plurality of data objects and the first and second visualiza-
tion type selections; receiving a selected connector option from a plurality of
selectable connector options; and generating a dynamic visualization by con-
necting the first visualization module and the second visualization module
using the selected connector option.
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GENERATING A DATA VISUALIZATION

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
5 DEVELOPMENT

The invention was made with United States Government support under Grant Nos.
GM106027 and CA056452, awarded by the National Institutes of Health, and Grant
No. 1150645 awarded by the National Science Foundation. The United States

10 Government has certain rights in the invention.

BACKGROUND OF THE INVENTION

Field of the Invention

15
The field of the invention is data processing, or, more specifically, methods,

apparatuses, and products for generating a data visualization.
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Description Of Related Art

As computing power increases, and more research fields generate increasing volumes
of data, the need to analyze and visualize that data has also increased. In some data
visualizations, the visualization is limited to a three-dimensional core with a few
options for additional dimensions specified by graphic elements (e.g. color, node size,
edge width). As the size and complexity of data sets increase, the corresponding
visualization need must also account for data sets of not only large dimension, but

also myriad data types.

SUMMARY OF THE INVENTION

Methods, apparatuses, and products for generating a data visualization, including:
receiving an input data set comprising a plurality of data objects; receiving a first and
second visualization type selections; generating a first and second visualization
modules using the plurality of data objects and the first and second visualization type
selections; receiving a selected connector option from a plurality of selectable
connector options; and generating a dynamic visualization by connecting the first
visualization module and the second visualization module using the selected

connector option.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 sets forth a block diagram of automated computing machinery comprising an
example computer useful in generating a data visualization according to embodiments

of the present disclosure.

Figure 2 illustrates a flowchart of an example method for generating a data

visualization according to embodiments of the present disclosure.
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Figure 3 illustrates an example input data set for generating a data visualization

according to embodiments of the present disclosure.

Figure 4 illustrates an example first visualization module for generating a data

visualization according to embodiments of the present disclosure.

Figure 5 illustrates an example second visualization module for generating a data

visualization according to embodiments of the present disclosure.

Figure 6 illustrates an example interface for the module selector interface module

according to embodiments of the present disclosure.

Figure 7 illustrates an example interface for the connection option interface according

to embodiments of the present disclosure.

Figure 8 illustrates an example data visualization according to embodiments of the

present disclosure.

Figure 9 illustrates a flowchart of an example method for tracking objects in real-time
(or substantially real-time) in order to generate a data visualization according to

embodiments of the present disclosure.

Figure 10 illustrates another example of a data visualization according to

embodiments of the present disclosure.

Figure 11 illustrates another example of a data visualization according to

embodiments of the present disclosure.
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Example methods, apparatuses, and products for generating a data visualization in
accordance with the present invention are described with reference to the
accompanying drawings, beginning with Figure 1. Figure 1 sets forth a block
diagram of automated computing machinery comprising an example computer (152)
useful in generating a data visualization according to embodiments of the present
disclosure. The computer (152) of Figure 1 includes at least one computer processor
(156) or ‘CPU’ as well as random access memory (168) (‘RAM’) which is connected
through a high speed memory bus (166) and bus adapter (158) to processor (156) and

to other components of the computer (152).

Stored in RAM (168) is a visualization generator (115), a module of computer
program instructions for generating a data visualization according to certain
embodiments of the present disclosure. The visualization generator (115) of Figure 1
includes at least one data uploading interface module (110), a module of computer
program instructions operable to receive an input data set comprising a plurality of
data objects. The visualization generator (115) of Figure 1 also includes at least one
module selector interface (111), a module of computer program instructions operable
to display a plurality of selectable visualization types, receive a fist visualization type
selection, and receive a second visualization type selection. The visualization
generator (115) of Figure 1 also includes at least one visualization module generator
(112), a module of computer program instructions operable to generate a first and a
second visualization module using the plurality of data objects and the first and
second visualization type selections, respectively. The visualization generator (115)
of Figure 1 also includes at least one visualization store (113), a module of computer
program instructions operable to store one or more visualization modules. The
visualization generator (115) of Figure 1 also includes at least one connection option
interface (114), a module of computer program instructions operable to display a

plurality of selectable connector options to connect the first visualization module to
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the second visualization module, and to receive a selected connector option from the

plurality of selectable connector options.

The visualization generator (115) may be operable to generate a dynamic
visualization by connecting the first visualization module and the second visualization
module using the selected connector option. The visualization generator (115) may be
further operable to receive a user input indicating that a user has modified an aspect
of the dynamic visualization scheme, and in response to receiving the user input,

regenerate the dynamic visualization to reflect the user input.

In some embodiments, the visualization generator (115) may be further operable to
detect a trigger on a portion of the first visualization module, wherein the portion
identifies a particular data object of the plurality of data objects; determine a
particular unique identifier for the particular data object; identify a portion of the
second visualization module that depicts the particular data object using the particular
unique identifier; and in response to detecting the trigger, highlight the portion of the
first visualization that depicts the particular data object, and highlighting the portion

of the second visualization module that depicts the particular data object.

Also stored in RAM (168) is an operating system (154). Operating systems useful
generating a data visualization according to embodiments of the present invention
include UNIX™, Linux™, Microsoft XP™, ATX™, IBM’s i5/0S™, and others as
will occur to those of skill in the art. The operating system (154), data uploading
interface (206), module selector interface (208), visualization module generator (210),
visualization store (212), connection option interface (214), and visualization
generator (216) in the example of Figure 1 are shown in RAM (168), but many
components of such software typically are stored in non-volatile memory also, such

as, for example, on a disk drive (170).

The computer (152) of Figure 1 includes disk drive adapter (172) coupled through

expansion bus (160) and bus adapter (158) to processor (156) and other components



10

15

20

25

30

WO 2016/190849 PCT/US2015/032376

of the computer (152). Disk drive adapter (172) connects non-volatile data storage to
the computer (152) in the form of disk drive (170). Disk drive adapters useful in
computers for generating a data visualization according to embodiments of the
present invention include Integrated Drive Electronics (‘IDE’) adapters, Small
Computer System Interface (‘SCSI”) adapters, and others as will occur to those of
skill in the art. Non-volatile computer memory also may be implemented for as an
optical disk drive, electrically erasable programmable read-only memory (so-called
‘EEPROM’ or ‘Flash’ memory), RAM drives, and so on, as will occur to those of
skill in the art.

The example computer (152) of Figure 1 includes one or more input/output (‘I/O”)
adapters (178). /O adapters implement user-oriented input/output through, for
example, software drivers and computer hardware for controlling output to display
devices such as computer display screens, as well as user input from user input
devices (181) such as keyboards and mice. The example computer (152) of Figure 1
includes a video adapter (209), which is an example of an 1/O adapter specially
designed for graphic output to a display device (180) such as a display screen or
computer monitor. Video adapter (209) is connected to processor (156) through a
high speed video bus (164), bus adapter (158), and the front side bus (162), which is
also a high speed bus.

The example computer (152) of Figure 1 includes a communications adapter (167) for
data communications with other computers (182) and for data communications with a
data communications network (100). Such data communications may be carried out
serially through RS-232 connections, through external buses such as a Universal
Serial Bus (‘USB’), through data communications networks such as IP data
communications networks, and in other ways as will occur to those of skill in the art.
Communications adapters implement the hardware level of data communications
through which one computer sends data communications to another computer,
directly or through a data communications network. Examples of communications

adapters useful for generating a data visualization according to embodiments of the
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present invention include modems for wired dial-up communications, Ethernet (IEEE
802.3) adapters for wired data communications network communications, and 802.11

adapters for wireless data communications network communications.

For further explanation, Figure 2 illustrates a flowchart of an example method (200)
for generating a data visualization according to certain embodiments of the present
disclosure. The method (200) depicted in Figure 2 includes receiving (205) an input
data set comprising a plurality of data objects via a data uploading interface. The data
uploading interface may allow users to upload datasets into the data visualization
system. One type of example data that may be particularly suited to method (200)
includes proteomics data, although the method (200) may be applicable to a variety of
different types of data. Once the input data set is received (205), the method (200)
depicted in Figure 2 may proceed by displaying (210) a plurality of selectable
visualization types. In such an example, a module selector interface may be
configured to display (210) a plurality of selectable visualization types. Once the a
plurality of selectable visualization types have been displayed (210), the method
(200) depicted in Figure 2 may proceed by receiving (215) a first visualization type
selection and also receiving (218) a second visualization type selection. For example,
one type of visualization module may be a heat map, while another type of
visualization module may be a survival curve, as described in more detail below with
reference to Figures 3—8. After receiving (215, 218) the visualization type selections,
the method (200) depicted in Figure 2 may proceed by generating (220) a first
visualization module using the data objects and the first visualization type selection
and also generating (223) a second visualization module using the data objects and

the second visualization type selection.

The method depicted in Figure 2 also includes displaying (225) a plurality of
selectable connector options to connect the first visualization module to the second
visualization module. The plurality of selectable connector options to connect the
first visualization module to the second visualization module may be displayed (225),

for example, by a connection option interface. The method (200) depicted in Figure 2
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may then proceed by the connection option interface receiving (228) a selected
connector option from the plurality of selectable connector options. After the
selected connector option is received (228) from the plurality of selectable connector
options, the method (200) depicted in Figure 2 may continue by generating (235) a
dynamic visualization by connecting the first visualization module and the second

visualization module using the selected connector option.

In some embodiments, the dynamic visualization may include a dynamic web page or
other appropriate data interaction mechanism. A user of the method (200) depicted in
Figure 2 may be able to create an interactive map by selecting and dragging different
clements out of a selection screen. For example, when rendering these images using
JavaScript in a web browser, one may save these demos to an interactive webpage
that clients or scientists can interact with. These maps may have streamlined

presentation connection so the charts and figures that may be more easily uploaded.

Although Figure 2 illustrates a method (200) occurring in a particular order, certain
deviations from the example order may be understood by one of ordinary skill in the
art without departing from the scope of the present disclosure. For example, although
receiving (218) a second visualization type is illustrated as occurring after receiving
(215) a first visualization type, both steps may occur simultaneously. Likewise,
generating (220) a first visualization module and generating (223) a second
visualization module may also occur simultaneously. Further, although the method
(200) is illustrated as beginning by receiving (205) an input data set, other points may
be appropriate as a beginning for the method (200) without departing from the scope
of the present disclosure. For example, the method (200) may include a regeneration
of a dynamic visualization, and may therefore begin by displaying (225) a plurality of

selectable connector options.

In some embodiments, the method (200) may include additional processes. For
example, the method (200) may also include receiving a user input indicating that a

user has modified an aspect of the dynamic visualization scheme and, in response to
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receiving the input, the method (200) may regenerate the dynamic visualization to
reflect the user input. For example, by clicking on a protein name in a circular heat
chart, patients may be arranged based on protein expression level. Then, the user
may click and drag the rings to reposition them. Grouping and sorting functionalities
may give scientists the abilities to better visualize their conclusions. For instance, a
study on proteomics in Acute Myeloid Leukemia (AML) at MD Anderson generates a
dataset of over 500 patients, over 230 protein expression levels and over 80 clinical
correlates for each patient. The variety of data types include survival data, protein
expression data, mutation profile, demographic data (e.g. gender) and clinical
diagnostic data (e.g. blood count). The method (200) may allow researchers to better
visualize this data. In addition these modules may be able to be connected through

object tracking, as described in more detail below with reference to Figure 9.

Figure 3 illustrates an example input data set (300) for generating a data visualization,
in accordance with certain embodiments of the present disclosure. In the example
input data set (300), a set of patients is identified with a corresponding plurality of
protein expression levels, as well as certain demographic data. Although example
data is illustrated here, other types of data, as well as data sizes and schemes may be

implemented without departing from the scope of the present disclosure.

Figure 4 illustrates an example first visualization module (400) for generating a data
visualization, in accordance with certain embodiments of the present disclosure.
Example visualization module (400) is a circular heat map, wherein each wedge
represents a different patient, an each inner ring is a different protein. The outer rings

denote a grouping based on certain demographic data (e.g., male or female).

Figure 5 illustrates an example second visualization module (500) for generating a
data visualization, in accordance with certain embodiments of the present disclosure.
Example visualization module (500) is a survival curve based on clinical correlates.
This information could be contained in the same data used to plot example

visualization module (400).
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Figure 6 illustrates an example interface (600) for the module selector interface
module (111), in accordance with certain embodiments of the present disclosure. The
example interface (600) includes an individual module property selector (602), a
plurality of module selector objects (604), and a current module (606). For example,
users may use the module selector objects (604) to select or change the module to be
modified. Users may use the individual module property selector (602) to modify
properties of individual modules, which may then be illustrated at the current module

(606).

Figure 7 illustrates an example interface (700) for the connection option interface
(114), in accordance with certain embodiments of the present disclosure. The
example interface (700) includes first module (702) and second module (704).
Example interface (700) may be used by a user to define portions of first module
(702) that may be selectable by a user in order to interact with portions of second

module (702).

Figure 8 illustrates an example data visualization (800), in accordance with certain
embodiments of the present disclosure. The example data visualization (800) may
result in a visualization of the input data set based on certain user input, as described
in more detail above with reference to Figures 1-7. For example, the data
visualization (800) depicted in Figure 7 illustrates AB7 in a manner that is organized

by increasing level within each correlate.

Referring again to Figure 2, in some embodiments, receiving the input data set may
include assigning a unique identifier to each of the plurality of data objects. This may
allow for tracking objects in real-time (or substantially real-time) as a user interacts

with a data visualization.

Figure 9 illustrates a flowchart of an example method (900) for tracking objects in
real-time (or substantially real-time) in order to generate a data visualization, in

accordance with certain embodiments of the present disclosure. The example method

10
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(900) depicted in Figure 9 can include assigning (902) a unique identifier to each of a
plurality of objects, as described above. After a unique identifier has been assigned
(902) to each of a plurality of objects, the method (900) depicted in Figure 9 may
continue by detecting (904) a trigger on a portion of a first visualization module,
wherein the portion identifies a particular data object of the plurality of data objects.
After detecting the trigger, the method (900) depicted in Figure 9 may continue by
determining (906) a particular unique identifier for the particular data object. The
example method (900) depicted in Figure 9 may subsequently identify (908) a portion
of a second visualization module that depicts the particular data object using the
particular unique identifier. The example method (900) depicted in Figure 9 may
continue by highlighting (910), in response to detecting the trigger, the portion of the
first visualization that depicts the particular data object and also highlighting the

portion of the second visualization module that depicts the particular data object.

Although the steps depicted in Figure 9 are illustrated as occurring in a particular
order, deviations may be made from the illustration of the example method (900) by
one of ordinary skill in the art without departing from the scope of the present
disclosure. For example, in some configurations, the particular unique identifier for
the particular data object (e.g., 906) may be continuously tracked and/or cached,
and/or large numbers of unique identifiers may be tracked and/or cached in order to

improve performance.

In some web-based visualization design environments, each graphic element may be
associated with an object or an object feature, ¢.g. a drop point on a survival curve
links to a patient passed away at that time point. A user interaction mechanism may
include any appropriate user interaction with the data visualization. For example, a
user may mouse-over on a web page, touch a touch screen, etc. Once this trigger is
received, the object ID may be returned. Subsequently, graphic elements associated
with the same object may be highlighted in all visualization modules. The
highlighting event can take various forms, including but not limited to drawing

circles/boxes around the graphic element and changing the color, the intensity, the

11
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saturation, or the width of the element. This display of all information regarding
single object links all individual visualizations together in a meaningful way may
allow for comparison and analysis across different data types and dimensions.

In some embodiments, the example method (900) depicted in Figure 9 includes
assigning (902) a unique identifier, detecting (904) a trigger, determining (906) a
particular unique identifier for each data object, identifying (908) a portion of the
second visualization module that depicts the data object, and highlighting (910)
portions of each visualization, more, fewer, or different steps without departing from

the scope of the present disclosure.

Tracking objects in real-time (or substantially real-time) may allow for improved
visualization within a data visualization. For example, Figure 10 illustrates another
example data visualization (1000), in accordance with certain embodiments of the
present disclosure. The example data visualization (1000) may include a first
visualization module (1002) and a second visualization module (1004). In some
embodiments, the visualization modules (1002, 1004) may include visualizations of
related data. When a user interacts with the data visualization (1000), for example,
by selecting a portion of the second visualization module (1004) as illustrated, a
corresponding portion of the first visualization module (1002) may be highlighted as
illustrated. In the illustrated example visualization modules, object tracking may be
triggered from a selection of a data point on the survival curve illustrated as the
second visualization module (1004). As a result of the trigger and the corresponding
object tracking, the expression of the corresponding patient may be highlighted
simultaneously on the circular heat map illustrated as a first visualization module

(1002).

As a result of object tracking, the data visualization may be achieved regardless of
which data visualization module the user interacts with. Figure 11 illustrates the
example data visualization (1000) described in more detail above with reference to
Figure 10, in accordance with certain embodiments of the present disclosure. In

Figure 11, the example data visualization (1000) may include a first data visualization

12
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module (1102) and a second data visualization module (1104). When a user interacts
with the data visualization (1000), for example, by selecting a portion of a first
visualization module (1102) as illustrated, a corresponding portion of the second
visualization module (1104) may be highlighted as illustrated. In the illustrated
example visualization modules, object tracking may be triggered from a selection of a
patient-associated expression element within the pink (unfavorable cytogenetic
group) segment of the circular heat map illustrated as the first visualization module
(1102). As aresult of the trigger and the corresponding object tracking, the data point
corresponding to that patient may be highlighted simultaneously on the survival curve

illustrated as a second visualization module (1104).

Exemplary embodiments of the present disclosure are described largely in the context
of a fully functional computer system for generating a data visualization. Readers of
skill in the art will recognize, however, that the present invention also may be
embodied in a computer program product disposed upon computer readable storage
media for use with any suitable data processing system. Such computer readable
storage media may be any storage medium for machine-readable information,
including magnetic media, optical media, or other suitable media. Examples of such
media include magnetic disks in hard drives or diskettes, compact disks for optical
drives, magnetic tape, and others as will occur to those of skill in the art. Persons
skilled in the art will immediately recognize that any computer system having suitable
programming means will be capable of executing the steps of the method of the
invention as embodied in a computer program product. Persons skilled in the art will
recognize also that, although some of the exemplary embodiments described in this
specification are oriented to software installed and executing on computer hardware,
nevertheless, alternative embodiments implemented as firmware or as hardware are

well within the scope of the present invention.

It will be understood from the foregoing description that modifications and changes
may be made in various embodiments of the present invention without departing from

its true spirit. The descriptions in this specification are for purposes of illustration

13
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only and are not to be construed in a limiting sense. The scope of the present

invention is limited only by the language of the following claims.

14
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CLAIMS

What 1s claimed is:

1. A method of generating a data visualization, the method comprising:
receiving an input data set comprising a plurality of data objects;
receiving a first visualization type selection;
receiving a second visualization type selection;
generating a first visualization module using the plurality of data
objects and the first visualization type selection;

generating a second visualization module using the plurality of data
objects and the second visualization type selection;

receiving a selected connector option from the plurality of selectable
connector options; and

generating a dynamic visualization, including connecting the first
visualization module and the second visualization module using the selected

connector option.

2. The method of claim 1, further comprising:
receiving a user input modifying an aspect of the dynamic
visualization scheme; and
in response to receiving the user input, regenerating the dynamic

visualization to reflect the user input.

3. The method of claim 2, wherein the user input comprises a dragging motion
on an aspect of the dynamic visualization by a user interface indicator on an

interface displaying the dynamic visualization.

4. The method of claim 2, wherein regenerating the dynamic visualization
further comprises reorganizing the data objects comprising the dynamic

visualization.

15
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10.

The method of claim 1, wherein receiving the input data set comprises

assigning a unique identifier to each of the plurality of data objects.

The method of claim 5, further comprising:

detecting a trigger on a portion of the first visualization module,
wherein the portion identifies a particular data object of the plurality of data
objects;

determining a particular unique identifier for the particular data object;

identifying a portion of the second visualization module that depicts
the particular data object using the particular unique identifier; and

in response to detecting the trigger, highlighting the portion of the first
visualization that depicts the particular data object and highlighting the
portion of the second visualization module that depicts the particular data

object.

The method of claim 6, wherein the first visualization module is of a different

visualization type than the second visualization module.

The method of claim 6, wherein the trigger is a mouse-over on the portion of

the first visualization module corresponding to the particular data object.

The method of claim 6, further comprising, in response to detecting the

trigger, displaying the particular unique identifier.

The method of claim 1, wherein the data objects comprises patient healthcare

data.

16
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11.

12.

13.

An apparatus for generating a data visualization, the apparatus comprising a
computer processor, a computer memory operatively coupled to the computer
processor, the computer memory having disposed within it computer program
instructions that, when executed by the computer processor, cause the
apparatus to carry out the steps of:

receiving an input data set comprising a plurality of data objects;

receiving a first visualization type selection;

receiving a second visualization type selection;

generating a first visualization module using the plurality of data
objects and the first visualization type selection;

generating a second visualization module using the plurality of data
objects and the second visualization type selection;

receiving a selected connector option from the plurality of selectable
connector options; and

generating a dynamic visualization by connecting the first
visualization module and the second visualization module using the selected

connector option.

The apparatus of claim 11, further comprising computer program instructions
that, when executed by the computer processor, cause the apparatus to carry
out the steps of:

receiving a user input modifying an aspect of the dynamic
visualization scheme; and

in response to receiving the user input, regenerating the dynamic

visualization to reflect the user input.

The apparatus of claim 11, wherein receiving the input data set further

comprises assigning a unique identifier to each of the plurality of data objects.

17
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14.

15.

16.

The apparatus of claim 13, further comprising computer program instructions
that, when executed by the computer processor, cause the apparatus to carry
out the steps of:

detecting a trigger on a portion of the first visualization module,
wherein the portion identifies a particular data object of the plurality of data
objects;

determining a particular unique identifier for the particular data object;

identifying a portion of the second visualization module that depicts
the particular data object using the particular unique identifier; and

in response to detecting the trigger, highlighting the portion of the first
visualization that depicts the particular data object, and highlighting the
portion of the second visualization module that depicts the particular data

object.

The apparatus of claim 14, wherein the first visualization module is of a

different visualization type than the second visualization module.

The apparatus of claim 14, further comprising computer program instructions
that, when executed by the computer processor, cause the apparatus to carry
out the steps of, in response to detecting the trigger, displaying the particular

unique identifier.
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17.

18.

19.

A computer program product for generating a dynamic visualization scheme,
the computer program product disposed upon a computer readable medium,
the computer program product comprising computer program instructions
that, when executed, cause a computer to carry out the steps of:

receiving an input data set comprising a plurality of data objects;

receiving a first visualization type selection;

receiving a second visualization type selection;

generating a first visualization module using the plurality of data
objects and the first visualization type selection;

generating a second visualization module using the plurality of data
objects and the second visualization type selection;

receiving a selected connector option from the plurality of selectable
connector options; and

generating a dynamic visualization by connecting the first
visualization module and the second visualization module using the selected

connector option.

The computer program product of claim 17, further comprising computer
program instructions that, when executed, cause the computer to carry out the
steps of:

receiving a user input modifying an aspect of the dynamic
visualization scheme; and

in response to receiving the user input, regenerating the dynamic

visualization to reflect the user input.
The computer program product of claim 18, wherein receiving the input data

set further comprises assigning a unique identifier to each of the plurality of

data objects.
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20.

The computer program product of claim 19, further comprising computer
program instructions that, when executed by the computer processor, cause
the computer to carry out the steps of:

detecting a trigger on a portion of the first visualization module,
wherein the portion identifies a particular data object of the plurality of data
objects;

determining a particular unique identifier for the particular data object;

identifying a portion of the second visualization module that depicts
the particular data object using the particular unique identifier; and

in response to detecting the trigger, highlighting the portion of the first
visualization that depicts the particular data object, and highlighting the
portion of the second visualization module that depicts the particular data

object.
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