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Title: BUILDING A DATA QUERY VISUALIZATION

e Receive a request for data storad in a data repository,

.. wherein the request includes a guery parameter to retrieve
data of the data repository and a visualization parameter
for the refrieved data.

104 ¢

Prepare a query based on both the query parameter and
the visualization parameter.
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Fateh a first subset of data for the query from the data
| rapository.

108 ~ ¢
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110 ¢

Fetch a second subset of data for the query from the data
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. Upidate the visualization based on the second subset of
data and the visualization parameter.

Fig. 1

100

(57) Abstract: In some examples, a method includes a
step of receiving a request for data stored in a data re-
pository. The request can, for example, include a query
parameter to retrieve data of the data repository and a
visualization parameter for the retrieved data. The
method can turther include a step of preparing a query
based on both the query parameter and the visualiza-
tion parameter. The method can further include a step
of fetching a first subset of data for the query from the
data repository. The method can further include a step
of building a visualization based on the first subset of
data and the visualization parameter. The method can
further include a step of fetching a second subset of
data for the query from the data repository. The meth-
od can further include a step of updating the visualiza-
tion based on the second subset of data and the visual-
ization parameter.
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BUILDING A DATA QUERY VISUALIZATION

BACKGROUND

Collections of data are commonly organized in computer databases. Such databases
can interface with one or more databass management systems to allow analysis and
retrieval of the data. For example, certain database management systems can bein the
form of computer software applications that interact with a user, other applications,
and the database itself to allow retrieval of data and other administrative functions of
the database. Data retrieved from such datahases can be presented in many forms. For
example, some database management systems are designed to present retrieved data
in the form of tables. Other database management systems can allow retrieved data to

be displayed in the form of multi-dimensional graphs or other advanced visualizations.
BRIEF DESCRIPTION OF THE DRAWINGS

For a detailed description of various examples, reference will now be made to the

accompanying drawings in which:

FiG. 1 is a flowchart for a method, according to an example.

FIG. 2 is a flowchart for a method, according to another example.

FIG. 3 is a data visualization, according to an example.

FiG. 4 is a data visualization, according to an example.

FIG. 5 is a diagram of a system, according to an example.

FIG. 6 is a diagram of a machine-readable storage medium, according to an example.
DETAILED DESCRIPTION

The following discussion is divected to various examples of the disclosure. Althoughone
or more of these examples may be preferred, the examples disclosed herein should not
be interpreted, or otherwise used, as limiting the scope of the disclosure, including the
claims. In addition, the following descrigtion has broad application, and the discussion
of any example is meant only to be descriptive of that example, and not intended to
intimate that the scope of the disclosure, including the claims, is limited to that example.

Throughout the present disclosure, the terms "a" and "an” are intended to denote at
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least one of a particular element. In addition, as used herein, the term "includes"” means
includes but not limited to, the term "including” means including but not limited to. The

term "based on" means based at least in part on.

1 As provided above, certain database management systems can allow retrieved data to

be displayed in the form of multi-dimensional graphs or other advanced visualizations.
in such situations, a data analyst or other individual may be tasked to manually choose
from visualizations based on properties of the results, such as size or guality, or other
factars. For example, for a database query that renders 10 results that are of poor
quality {e.g., the results contain many null values), a data analyst may choose to
represent the results as a single pixel on a graph because the results contain relatively
little information. Later, that same query may offer millions of resuits of reasonable
quality and the data analyst may choose to now represent the results as large icons each
summarizing collections of many resulis. {tis appreciated that such manual preparation

of visualizations can be a time-consuming and inconsistent process.

| Certain implementations of the present disclosure are directed to improved systems,

methods, mediums, and the like that allow for preparation of data visualizations that
are designed to address the above issues as well as other issues. For example, cerfain
implementations of the present disclosure can be used to automate the data
visualization process and link the way data is visualized as part of a query specification.
For example, one implementation of the present disclosure is in the form of a method
that includes: {8} receiving a request for data stored in a data repository, wherein the
request includes a query parameter to retrieve data of the data repository and a
visualization parameter for the retrieved data, (b} preparing a query based on both the
query parameter and the visuyalization parameter, {¢} fetching a first subset of data for
the query from the data repository, () building a visualization based on the first subset
of data and the visualization parameter, {¢} fetching a second subset of data for the
query from the data repository, and {f) updating the visualization based on the second

subset of data and the visualization parameter.

Certain implementations of the present disclosure can be used to allow access to
different records in a data repository and perform, at query time, one or more

procassing actions, such as for example data cleaning, filtering, transformation, or gther
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processing for use in building or updating a visualization. A guery engine incorporating
such functionality can thereby perform additional processing aimed at preparing data
for visuyalization at guery time, which can save time by allowing an individual to avoid
running a separate visualization script after obtaining the guery result. The above and
other advantages of implementations presented herein will be apparent upon review

of the description and figures.

FIG. 1is a Howchart for an example method 100 that can provide automatic preparation
of data visualizations. I Is appreciated that method 100 as well as the methods
described herein can, for example, be implemented in the form of machine readable
instructions stored on memory of a computing system (see, &.g., the implementation of
FIG. 5}, executable instructions stored on a non-transitory machine readable storage
medium {see, e.g., the implementation of FIG. 6}, in the form of electronic circuitry, or

another suitable form.

Method 100 incdudes a step 102 of receiving a request for data stored in a data
repository. The data repository can, for example, be located on a computer storage
medium in a database server {or other computing device). With reference to a database
server implementation, the server can, for example, be in the form of a dedicated
computer that stores the actual database and runs limited software such as a datahase
management systemn and related software. Such a database server can, for exampls, be

a multiprocessor computer, with RAID disk arrays used for stable storage.

Suitable data repositories for use with method 100 can, for example, be in the form of
suitable relational databases, hierarchical databases, network databases, object
databases, or any other suitable form of database that allows interaction with a
database management system. The database management system can, for example,
interact with the data repository to allow for various functionality, such as: {1} data
definition {e.g., the creation, modification and removal of definitions that define the
organization of the data), {2} data updating {e.g., the insertion, modification, and
deletion of data), {3) data retrieval {e.g., the providing of information in a form directly
usable or for further processing by other applications, and {4} administration {e.g,, the
registration and maonitoring of users, enforcement of data security, monitoring of

performance, maintenance of data integrity, dealing with concurrency control, and
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information recovery). It is appreciated that the database management system can

provide other suitable functionality.

in some implementations, the request of step 102 can include a query parameter to

retrieve data of the data repository and a visualization parameter for the retrieved data.

The guery parameter can, for example, be a programming language, such as for
example, a Structured Query Language {SQL) command. it is appreciated that SQL
commands, functionality, and syntax are provided herein as an example programming
language that can interface with a data repository through a database management

system, however, other suitable programming languages and syntax can be used.

I some implementations where SQL commands are used, the query parameter can be
in the form of a SELECT statement {e.g., “SELECT * FROM T"} to return a result set of
records from one or more tables in a database. It is appreciated that more advanced
guery parameters can be included in the request, such as for example query parameters
that: {1} specify certain rows of the database o retrieve, {2} group rows sharing a
property so that an aggregate function can be applied to each groupg, {3} select among
pre-defined groups, {4) specify an order in which to return the rows, {5} provide an alias
which can be used to temporarily rename tables or columns. In some implementations,
the gquery parameter is not in the form of query language syntax for a specific
programming language and method 100 includes a step of converting the guery

parameter into suitable query language syntax.

The visualization parameter can, for example, provide rules for graphing fetched data
based on values of the feiched data. In some implementations, the visualization
parameter is in the form of a function that considers one or more metadata attributes
of fetched data and provides specific instructions for huilding visualizations based on
the attributes. For example, in some implementations, the visualization parameter can
indicate that fetched data should be represented using a first type of graph if the
number of fetched results is above a certain threshold and should be represented using
a second type of graph if the number of fetched results is below or at the threshold.
Further examples of visualization parameter functions and structure are described

below.
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Method 100 includes a step 104 of preparing a query based on both the query
parameter and the visualization parameter. The prepared query can, for example, be
in the form of an extended or standard SOL query employing SQL syntax or in the form
of another type of query language. In some implementations, the step 104 of preparing
a query based on both the query parameter and the visualization parameter includes
modifying a query parameter based on rules of the visualization parameter. For
example, in certain implementations, the visualization parameter may include a set of
instructions that includes a guery filter for filtering results of the query parameter. For
example, the visualization parameter can include rules that only the first 500 results
should be displayed on the visualization {whereas the query parameter might indicate
that the first 1000 results should be retrieved). As another example, the visualization
parameter can include rules that only results matching certain criteria {e.g., only voters
having a certain area code) should be retrieved (whereas the query parameter does not
include such a matching criteria). In such implementations, preparing a query based on
hoth the query paramster and the visualization paramster includes applying the query
filter to the query parameter. This can, for example, provide for a reduced search space
which may lead to faster query results that are more fit for the specific visualization. |t
is appreciated that alternative and/or more advanced query filtering functionality can

he provided by the visualization parameter.

In some implementations, preparing a query based on both the query parameter and
the visualization parameter can include modifying the query parameter to only retrieve
data to be used in the visualization. For example, a visualization parameter may indicate
that only 3 fields of each result are to be used in building the visualization, whereas the
query parameter may indicate that 5 fields of each result. As a resuit, the prepared
query can modify the query parameter to only fetch the 3 fields of each results to be
usad in building the visualization.

Pseudocode for an example query parameter and visualization parameter is provided

below:

PLOT STUDENTS BY TYPE (SQL DB EXAMPLE}
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SELECT * FROM PEOPLE RENDERED AS RANKED _GROUFS_VP;
RANKED GROUP VP

groups = filter{age < 18).LOOM.rank{LOOM.similarTo{STUDENT _TYPE}}

R.plot{group.getFirst.x, group.getFirsty} /7 this could be & call to an
external language that supports the function (“R” in this case} or a nested
call to a visualization script else

F.barchar{groups,iype)

[0023] in this example, “RANKED GROUP_VP” in the above pseudocode is a visualization
parameter in the form of a set of instructions that inspect the result set and prepare the
results for visualization. The “rank” operation in the above pseudocode is a process of
bucketing results. Rather than letting the visualization script run their instructions, a
qguery module would know that the SQL query needs to be modified to make this
bucketisation in place. This way, the buckets are created as the query module passes
through the data, preventing further processing by an external visualization module.
The "LOOM.similarTo” operation in the above pseudocode is an example operation that
may be calling an external machine learning algorithm o rate similarity based on a prior
classification of people in different types. The “filter” operation in the above
pseudocode can be considered to be a result set analysis lambda {although it is
evaluated as the guery module loops through the data, not afterwards). The “plot”
operation in the above pseudocode is a result set analysis lambda whereas the “rank”

operation is an accumulating lambda.

10024] Method 100 includes a step 106 of fetching a first subset of data for the query from the
data repository. The first subset of data for the query is ess than the entire result set
so as to allow “on the fly” {i.e., “streaming”} building of a visualization. For example,
certain implementations of the present disclosure can be used to aggregate data for
visualization as it goes {e.g. a moving average). This can, in some situations, save
processing time by not relving on a separate loop across data once the guery results are

completely fetched. Moregver, and as described in further detail herein, such dynamic
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building of data visualizations can be used to process query results {e.g., cleaning nulls,
trimming streams, fixing typos by checking string similarity against a dictionary, etc.} as
results are fetched and can further modify query terms based on already fetched

resulls.

In some implementations, the first subset of data is a single result for the query from
the data repository, whereas in other implementations, the first subset of data can be
several results for the guery. The first subset of data can be defined as a first number
of results of a guery. For example, the first subset of data can be defined as the first 10,
100, 1000, or another suitable number of results. In some implementations, the first
subset of data can be determined based on a time period of the fetching step. For
example, the first subset of data can be defined as all the data retrieved in 0.001
seconds, 1 seconds, 10 seconds, or another suitable time period. it is appreciated that
the first subset of data can be determined based on muitiple factors {e.g., either the first
1000 results or 1 second of elapsed time} and may be determined based on additional
and/or alternative factors {e.g., the number of results that meet certain criteria definad

by the guery parameter or visualization parameter).

Method 100 includes a step 108 of building a visualization based on the first subset of
data and the visualization parameter. In some implementations, the visualization can
be in the form of a graph. For example, the first subset of data can be used to create a
visualization in the form of a ple graph, with certain elements of such a pie graph {e.g.,
color, three-dimensional {3D) offset, legend location, ete.} defined by the visualization
parameter. {tis appreciated that other two-dimensional {20} or 3D graphs (e.g., column
chart, bar graph, radial chart, etc.} or other forms of visualizations can be used. For
example, one form of visualization that can be prepared by method 100 is Hustrated as
visualization 111 in FIG. 2. For context, this graph is in the form of a radial graph that
identifies CPU utilization of instances of virtual machines in a virtual network. Although
this visualization illustrates one exampie of the type of data that can be visualized using
the present disclosure, this visualization is merely provided as an example and other

more suitable techniques, tempilates, bindings may be applicable.

In some implementations, the visualization can be in the form of a multi-dimensional

mathematical function. For example, in some implementations a two-dimensional
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canvas with Cartesian {x, y} coordinates can be provided and users can specify their
visualization scripts as mathematical two-dimensional functions where the specific
function depends on the extracted properties of the result set. For example, if the user
spacifies the function “expl-{{x-4)"2+{y-4}" 2} 2/1000) and provides a visualization
parameter identifying the ranges as “x={-10,01), yv={-10,10]} and z=[0,0.75]}", then the
resulting visualization can, for example, be illustrated as shown by visualization 113 of
FiG. 3. B is appreciated that in such an implementation, the visualization parameter can
provide other visualization rules for producing such a visualization, such as color, 3D

offset, size, etc.

In some implementations, building a visualization based on the first subsset of data and
the visualization parameter includes comparing one or more metadata attribute values
for the first subset of data to one or more reference attribute values. For example, in
soime implementations, the metadata attribute value is a value corresponding to a
number of null results in the first subset of data and the reference attribute value can
he a value previously defined by a user, generated by a computer, or provided by
another source for comparison purposes. in such an implementation, if the number of
null resuits in the first subset of data is greater than a reference atiribute value, then a
first type of visualization and/or visualization rule is applied, whereas if the number of
null results in the first subset of data is less than or equal to a reference attribute value,
then a second type of visualization and/or visualization is applied. As another example,
the visualization parameter can be defined such that a pie chart is created for retrieved
data if the results identify between 3 and 10 categories and with each category
constituting at least 3% of the total results. In this example, the visualization parameter
can be defined such that a bar graph is created for retrieved data if the results identify
fess than 3 or greater than 10 categories or if any category constitutes less than 3% of
the total results. itis appreciated that the above examples are for Hlustration only and

that any number of modifications to the visualization paramster can be envisioned.

it is appreciated building a visualization based on the first subset of data and the
visualization parameter include any suitable data operation and does not need to rely
on simple reference value comparisons. For example, such an operation can include

running a Fast-Fourier Transform {FFT} to compare noise level of query results on a
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database of music files and decide to represent that in frequency {with no further
transformation) or in time {inverse FFT} after applying some noise cancelation filter that
entirely depends on the results of the FFT itself. In such an implementation and in other
implementations, data can be processed during query time and can be aggregate onthe
fly. As an example, if a user is to perform a FFT during query time, some FFT samples
{e.g., previous entries already inspected and processed) can be accumulated in order to

give the FFT value for the currently processed database entry.

In the axamples above, the visualization is generally data centric and designed to
aggregate and display large amounts of data. In some implementations, method 100
can be used to prepare visualizations in the form of diagrams or other non data-centric
visualization. For example, method 100 can be used to build a visualization in the form
of a 3D arrangement of hardware in a data center. The visualization parameter can
include instructions that define geographic constraints on various items of hardware
{e.g., a number of servers in a given rack, a number of racks in a room based on thermal
constraints, power constraints, height constraints, or other constrainis). In such an
implementations, method 100 can be employed to prepare a diagram for a data center

based on retrieved query results for available data center hardware.

In some implementations, method includes a step of further modifying the moditfied
query as results are fetched from the data repository. For example, referring to the
above pie chart/bar graph implementations, the visualization parameter can indicate
that if fetched results indicate that more than 10 categories have already heen fetched
and that a bar graph visualization will be used, the query may be modified to he
optimized based on bar graph visualizations. For example, if the initial query retrisved
5 fields for each result of the data query, but a bar graph only refied on 3 fields for each
result, then subsequent queries to satisfy the query may be modified to only return the
3 relevant fields for each result. it is appreciated that the above example is only used
for Hustration of a suitable query modification step and that other examples are

envisioned.

Method 100 includes a step 110 of fetching a second subset of data for the query from
the data repository. iIn soms implementations, the second subset of data for the query

is less than the entire result set so as to allow additional “on the flv” building of a
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visualization. Step 110 can incorporate one or more aspects of step 106 described
above with respect to fetching the first subset of data. For example, and as described
above with respect to step 106 of fetching the first subset of data, the second subset of
data may be a single result or several results for the query. Additionally, and as
described above with respect to step 106 of fetching the first subset of dats, the second
subset of data can be defined as a next number of results of a query, can be determined
based on a time period of the fetching step, may be determined based on multiple

factors, efc.

Method 100 includes a step 112 of updating the visualization based on the second
subset of data and the visualization parameter {and in some implementations based on
both the first subset of data and the second subset of data and the visualization
paramater). Step 112 canincorporate one or more aspects of step 108 described above
with respect to building the visualization based on the first subset of data and the
visualization parameter. For example, updating the visualization based on the second
subset of data and the visualization parameter can include comparing one or more
metadata atiribute values for the second subset of data {or the combined first and
second subset of data) to one or more reference attribute values. Additional details
regarding the process of building a visualization based on subsets of data and the

visualization parameter is provided above with respect to step 108.

Although the flowchart of FIG. 1 and description of method 100 identifies one order of
performance, it is appreciated that this order may be rearrangsad into another suitable
order, may be executed concurrently or with partial concurrence, include additional or
comparable steps to achieve the same or comparable functionality, or a combination

thereof.

FiG. 4 illustrates another example of method 100 in accordance with the present
disclosure. Several steps of the example method 100 of FIG. 1 are provided for
iltustration in the example method 100 of FIG. 4 and the same reference numbers are
used between figures. However, it is appreciated that additional and/or alternative

steps or aspects of steps may be applied to the example of method 100 of FIG. 4.
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Method 100 includes a step 114 of fetching a complete data set for the query. As
described above, steps 106 and 110 are used to feich subsets of a complets result set
for the query so as to allow “on the fly" building of a visualization. In some
implementations, step 114 completes the process to fetch the remainder of the data
set {e.g., following steps 106 and 110 or additional fetching steps). In other
implementations, step 114 is 3 separate fetching operation that fetches the compiete
data set for the query from the beginning and does not rely on the first and second

subsets of data fetched in steps 106 and 108,

Method 100 includes a step 116 of updating the visualization based on the complete
data set and the visualization parameter. For example, in some implementations,
updating the visualization based on the complete data set and the visualization
parameter includes comparing a metadata attribute value for the complete data set to
a first reference attribute value. Step 116 can incorporate one or more aspects of steps
108 and 112 described above with respect to building the visualization based on the first
subset of data and updating the visualization based on the second subset of data. For
example, updating the visualization based on the complete data set and the
visualization parameter can include comparing one or more metadata atiribute values
for the complete data set of data to one or more reference attribute values. Additional
details regarding the process of building a visualization hased on subsets of data and the

visualization parameter is provided above with respect to steps 108 and 112.

In some implementations, updating the visualization based on the complete data set
and the visualization parameter includes comparing a first metadata attribute values for
the compiete data set to a first reference atiribute value and comparing a second
metadata attribute value for the complete data set to a second reference attribute
value. The first metadata attribute value can, for example, correspond to a number of
results in the complate data set. The second metadata attribute value can, for example,
correspond to a number of null results in the complete data set. It is appreciated that
such multiple comparisons can be applied to other steps in method 100, such as the
visualization building step 108 based on the first subset of data or the visualization

updating step 112 based on the second subset of data.
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FIG. 5 Hiustrates a diagram of an example system 118 in accordance with the present
disclosure. Although system 118 makes reference to method 100 as well as other
implementations of the disclosure, it is appreciated that system 118 may include
additional, alternative, or fewer steps, features, or other aspects compared to method
100, As described in further detail below, system 118 includes a processor 120 and a
memory 122 that stores machine-readable instructions that when executed by
processor 120 are to maodify a query for a data repository based on visualization rules
{instructions 124), and to build a visualization based on the visualization rules for results
of the modified query as results are fetched from the data repository {instructions 126).
The wvarious aspects of system 118 including processor 120, memory 122, and

instructions 124 and 126 will be described in further detail below.

Instructions 124 stored on memory 122 are, when executed by processor 120, to cause
processor 120 to modify a query for a data repository based on visualization rules.
Instructions 124 can incorporate one or more aspects of step 104 relating to preparing
a query or another suitable aspect of method 100 {and vice versal. As but one example,
in some implementations, modifying a query for a data repository based on visualization
rules can include modifying the query parameter to only retrieve data to be used for a

given visualization, as described above with respect to method 100,

Instructions 126 stored on memory 122 are, when executed by processor 120, to cause
processor 120 to build a visualization based on the visualization rules for results of the
modified guery as results are fetched from the data repository. instructions 1286 can
incorporate one or more aspects of step 106 relating to fetching a first subset of data,
step 108 relating to building a visualization based on the first subset of data, step 110
relating to fetching a second subset of data, and step 112 relating to updating the
visualization based on the second subset of data {and in some implementations based
on both the first subset of data and the second subset of data). it is appreciated that

instructions 126 can incorporate other suitable aspects of method 100 {and vice versa).

Processor 120 of system 118 can, for example, be in the form of a central processing
unit {CPU}, a semiconductor-based microprocessor, a digital signal processor {DSP) such
as a digital image processing unit, other hardware devices or processing elements

suitable to retrieve and execute instructions stored in memory 122, or suitable
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combinations thereof. Processor 120 can, for example, include single or multiple cores
on a chip, multiple cores across multiple chips, multiple cores across multiple devices,
or suitable combinations thereof. Processor 120 can be functional to fetch, decode, and
exacute instructions as described herein. As an alfternative or in addition to retrieving
and executing instructions, processor 120 can, for example, include at least one
integrated circuit {IC), other control logic, other electronic circuits, or suitable
combination thereof that include a number of electronic components for performing
the functionality of instructions stored on memory 122. Processor 120 can, for example,
be implemented across multiple processing units and instructions may be implemented

by different processing units in different areas of system 118.

Memory 122 of system 118 can, for example, be in the form of a non-transitory
machine-readable storage medium, such as a suitabie electronic, magnetic, optical, or
other physical storage apparatus to contain or store information such as machine-
readable instructions 124 and 126. Such instructions can be operative to perform one
or more functions described herein, such as those described herein with respect to the
method of FiG. 1 or other methods described herein. Memaory 122 can, for example, be
housed within the same housing as processor 120 for system 118, such as within a
computing tower case for system 118. In some implementations, memory 122 and
processor 120 are housed in different housings. As used herein, the term “machine-
readable storage medium” can, for example, include Random Access Memory (RAM]),
flash memory, a storage drive {e.g., a hard disk}, any type of storage disc {e.g., a Compact
Disc Read Only Memory (CD-ROM), any other type of compact disc, a DVD, etc.}, and
the like, or a combination thereof. iIn soms implementations, memory 122 can
correspond to a memory including a main memoaory, such as a Random Access Memory
{(RAM], where software may reside during runtime, and a secondary memory. The
secondary memory can, for example, inchide a nonvolatile memory where a copy of
machine-readable instructions are stored. it is appreciated that both machine-readable
instructions as well as related data can be stored on memory mediums and that multiple

mediums can be treated as a single medium for purposes of description.

Memory 122 can be in communication with processor 120 via a communication link

134. Communication link 134 can be local or remote to a machine {e.g., a computing
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device) associated with processor 120. Examples of a local communication link 134 can
include an electronic bus internal to a machine {e.g., a computing device} where
memory 127 is one of volatile, non-vodatile, fixed, and/or removable storage medium in

communication with processor 120 via the electronic bus.

In some implementations, one or more aspects of system 118 can be in the form of
functional modules that can, for example, be operative 1o execuie one or more
processes of instructions 124 and 126 or other functions described herein relating to
other implementations of the disclosure {e.g., the method of FIG. 1, the medium of FIG.
6). As used herein, the term “module” refers to a combination of hardware {e.g., a
processor such as an integrated circuit or other circuitry) and software {e.g., machine-
or processor-executable instructions, commands, or code such as firmware,
programming, or chject code). A combination of hardware and software can include
hardware only {i.e., a hardware element with no software elements), software hosted
at hardware {e.g., software that is stored at a memory and executed or interpreted at a
processor), or hardware and software hosted at hardware. itis further appreciated that
the term “module” is additionally intended to refer to one or more modules or a
combination of modules. Each module of a system 118 can, for example, include one

or more machine-readable storage mediums and one or more computer processors.

In view of the above, it is appreciated that the various instructions of system 118
described above can correspond to separate and/or combined functional modules. For
example, instructions 124 can correspond to a “guery modification module” to modify
a query for a data repository based on visualization rules and instructions 126 can
correspond to a “visualization preparation module” to build a visualization based on the
visualization rules for results of the maodified query as results are fetched from the data
repository. Itis further appreciated that a given module can be used for multiple related
functions. As but one example, in some implementations, a single module can he used
to both modify the query {e.g., corresponding to the process of instructions 124) as well

as to prepare the visualization {corresponding to the process of instructions 126).
FIG. 6 illustrates an example machine-readable storage medium 136 including various
instructions that can be executed by a processor to prepare data visualizations., For

iltustration, the description of machine-readable storage medium 136 provided herein
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makas reference to various aspects of system 118 {e.g., processor 120} and other
implemeantations of the disclosure. Although one or more aspects of system 118 {as
well as its corresponding instructions 124 and 126) and/or method 100 can be applied
or otherwise incorporated with medium 136, it is appreciated that in some
implementations, medium 136 may be stored or housed separately from such a systen.
For example, in some implementations, medium 136 can be in the form of Random
Access Memory {RAM), flash memory, a storage drive {e.g., a hard disk), any type of
storage disc {e.g., a Compact Disc Read Only Memory {CD-ROM), any other type of

compact dise, a DVD, et} and the like, or a combination thereof,

Medium 136 includes machine-readable instructions 128 stored thereon to cause
processor 120 to receive a request for data stored in a data repository. Instructions 128
of medium 136 can incorporate one of more aspects of instructions 124 described
above with respect to system 118, one or more aspects of step 102 described above
with respect to method 100, and vice versa. As an example and as described in detail
above with respect to method 100, the request can include a query parameter in the
form of g SELECT statement and a visualization parameter in the form of a function. &t
is appreciated that other forms of the query parameter and visualization parameter can

be provided.

Medium 136 includes machine-readable instructions 130 stored thereon to cause
processor 120 to prepare a query based on both the guery parameter and the
visualization parameter. Instructions 130 of medium 136 can incorporate one or more
aspects of instructions 124 described above with respect to system 118, one or more
aspects of step 104 of method 100, and vice versa. As an example and as described in
detail above with respect to method 100, preparing a query based on both the query
parameter and the visualization parameter can include modifying a query parameter

hased on rules of the visualization parameter.

Medium 136 includes machine-readable instructions 132 stored thereon to cause
processor 120 to dynamically build and update a visualization for the query based on
the visualization parameter as data for the query is fetched from the data repository.
Instructions 132 of medium 136 can incorporate one or more aspects of instructions

126 described above with respect to systern 118, one or more aspects of steps 106, 108,
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110, and 112 of method 100 and vice versa. As an example, in some implementations,
instructions 132 are to allow “on the fly” building of a visualization based on incremental

subsets of data fetched from the data repository.

Several example implementations will now be described to illustrate aspects of the
present disclosure and to provide additional implementation details for specific
implementations of the present disclosure. In some implementation a query module
may be provided. The query module can, for example, be in the form of a backend of a
refational database management system (RDBMS), such as Loom. The backend of an
existing RDBMS can, for example, be modified to include {or work with} a binding
module, which is described in detail below. Such a modification can include extending
a query language 1o enable users to specify visualisation options in the form of a
Visualisation Parameters (VP), which are described in further detall below. For instance,
“SELECT * FROM CAR_TABLE RENDERED ASVYPL” In some implementations, the query
module can simply ignores the VPs {i.e,, the part after “RENDERED AS”} and can process
the query as usual. In some implementations, and as described below, VP lambdas can
be provided to aliow the query module to accumulate resuits at query runtime in order
to avoid looping multiple times over the same data, or for other reasons. This approach
may require changes to the backend of a RDBMS such that the result of a query is not
just the resulting data set, but also a set of properties of the data set that were

computed at guery runtime,

After executing the query, the guery modude can pass the result set and the VP to the
hinding angine. in this implementation, the binding engine can be considerad "a dumb
component” that merely executes the scripted instructions as specified in the VPs. For
example, the binding engine, can begin its processing by examining specified properties
of the resuit set. Some of these may come directly from the query module {such as the
number of resulting elements), while others requires further inspection of the result set
{e.g. data quality). The query module can then take code {e.g. in the form of a lambda)
and close on the result set to calculate the desired properties that will define the type
of visualisation to be performed. As mentioned above, in some implementations, the
binding engine may loop on the data again to find accumulating properties {e.g. moving

average of a value on time-based sliding windows of different sizes). Additional
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functionality can be provided by enabling query runtime lambdas in VPs and adapting

the query module appropriately.

In this specific example, VPs can include various aspects, such as: {1} result-set analysis
lambdas, which can be in the form of execulable code that takes the result set as input
and extracts a series of attributes that can only be computed after execution, {2}
accumulating analysis lambdas, which can be in the form of executable code 1o be
executed by the guery module at runtime to gather accumulative properties of the
result set and prevent multiple loops on the data, and (3) data visualization scripting.
Such data visualization scripting can be in the form of code that takes the result set and
the extracted attributes and writes a static visualisation parameter to be used by a
visualization module to plot and layout the data. Such code can, for example, contain
multiple branches that evaluate the valuss of the extracted attributes {e.g. “if
{(numOftiements < 100} then..”) and decide how to plot/layout {e.g. “then
createSpirallayoutiresuitSet}”).  The set of sentences after the “then” part of this
branched conditional code can, for exampile, be dependent on the visualization module
being used to render the data, but they can also be implemented in a configurable
manner that detects the visualization module being used and automatically converts
these high level primitives {such as createSpiralLayout(}) to visualization module-specific
instructions.  Additional and/or alternative details of VPs are described above, for

example with respect to method 100.

One specific implementation of the present disclosure is to add a set of rendering
operations in a data How guery language {such as Loom). Adding such rendering
operations at the end of a flow can, for example, help to extract the result set-
dependent properties used for rendering. Loom has built-in capabilities that let users
define their own data flow operations in the form of lambdas that close on the data
resulting from previous phases of the datafiow. One result of adding such visualisation
operations in the datafiow is not just providing a raw dataset resulting from executing
the query, but providing a transformed version that lets a virtualization module that

Loom relies on {e.g. Loom’s Weaver) know how to actually render that information.

Anocther specific implementation of the present disclosure can be undertaken for a

RDBMS that processes a normal guery and extracts the results. The RDBMS can, for
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example, be operate as a front-end with a wrapper that strips off the part of the “viSQLl”
that deals with VPs. The term “viSQL” as used hergin can, for example, refer to g SQL
enhanced to contain VPs fike, for instance, “SELECT * FROM CAR_TABLE RENDERED AS
VPL.” After this operation, the results can be written to a file in a predefinad location
so that the binding engine can then take them and execute VP-specified lambdas when
instructed to do so by the RDMBS wrapper, which acts as an orchestrator to coordinate
all the components. When the binding engine has exdracted the properties of the result
sef, it can then invoke one or more data visualisation scripts that create static templates.
These templates can then be returned to the dient {eg., written in

HTMILS/C5S/ lavascript) together with the result set to render them appropriately.

While certain implementations have been shown and described above, various changes
in form and details may be made. For example, some features that have been described
in refation to one implementation and/or process can be related to other
implementations. In other words, processas, features, components, and/or properties
described in relation to one implementation can be useful in other implementations.
Furthermore, it should be appreciated that the systems and methods described herein
can include various combinations and/or sub-combinations of the components andfor
features of the different implementations described. Thus, features described with
reference to one or more implementations can be combined with other

implementations described herein,

As used herein, “logic” is an alternative or additional processing resource to perform a
particular action and/or function, etc., described herein, which includes hardware, e.g.,
various forms of transistor fogic, application specific integrated circuits {ASICs), sic,, as
opposed to machine executable instructions, e.g., software firmware, etc., stored in
memory and exacutable by a processor. Further, as used herein, “a” or “a number of”
saoimething can refer to one or more such things. For example, “a number of widgets”

can refer to one or more widgets. Also, as used herein, “a plurality of” something can

refer to more than one of such things.



WO 2016/163992 PCT/US2015/024641

CLAIMS

What is claimed is:

1. Amethod comprising:

receiving a reqguest for data stored in a data repository, wherein the request includes a
query parameter to retrieve data of the data repository and a visualization parameter for the

retrieved data;
preparing a query basad on both the guery parameter and the visualization parameter;
fetching a first subset of data for the query from the data repository;
building a visualization hased on the first subset of data and the visualization parameter;
fetching a second subset of data for the guery from the data repository; and

updating the visualization based on the second subsel of data and the visualization

parameter.

2. The method of claim 1, wherein the visualization is in the form of a graph.

3. The method of claim 1, wherein the visualization parameter provides rules for graphing

fetched data based on values of the fetched data.

4. The method of claim 1, wherein the first subset of data is a single result for the query from

the data repository.

5. The method of claim 1, wherein the visualization parameter is a set of instructions that

includes a query filter, and

wherein preparing a query based on both the query parameter and the visualization

parameter includes applving the query filter to the query parameter.
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6. The method of claim 1, wherein building a visualization based on the first subset of data
and the visualization parameter includes comparing a metadata attribute value for the first

subset of data to a reference attribute value.

7. The method of claim 6, wherein the metadata atiribute value is a value corresponding to

a number of null results in the first subset of data.

8. The method of claim 1, further comprising:
fetching a complete data set for the query; and

updating the visualization based on the complete data set and the visualization

parameter,

8.  The method of claim 8, whergin updating the visualization based on the complets data
set and the visualization parameter includes comparing a metadata attribute value for the

complete data set to a reference atiribute value,

18.  The method of claim §,

wherein updating the visualization based on the complete data set and the visualization
parameter includes comparing a first metadata attribute value for the complete data setto a
first reference attribute value and comparing a second metadata attribute value for the

complete data set to a second reference attribute value,

wherein the first metadata attribute value corresponds to a number of results in the

complete data set, and

wherein the second metadata attribute value corresponds to a number of null results in

the complete data set.
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1i. A non-transitory machine readable storage medium having stored thereon machine

readable instructions to cause a computer processor to:

receive a request for data stored in a data repository, wherein the request includes a

query parameter and a visualization parameter;
prepare a query based on both the query parameter and the visualization parameter; and

dynamically build and update a visualization for the query based on the visualization

parameter as data for the query is fetched from the data repository.

12.  The medium of claim 11, wherein the visualization is based on a multi-dimensional

mathematical function.

13, Asystem comprising:
a processor; and
a memory storing machine readable instructions to cause the processor to:
modify a query for a data repository based on visualization rules; and

build a visualization based on the visualization rules for resuits of the modified

query as results are fetched from the data repository.

14. The system of daim 13, wherein the memory further stores machine readable

instructions to cause the processor to:

further modify the modified query as results are fetched from the data repository.

15, The system of claim 13, wherein the query and the modified query are Structured Query

Language {SQL} queries.
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