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- Real-time visual querying of
big data




Limitations of traditional data visualization tools

« Inadequate to visualize big data
« Perceptual Scalability

» Interactive Scalability



Two challenges

« Effective visual encoding

e« Real-time interaction
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« Effective visual encoding

e Real-time interaction



Perceptual scalability

How to create perceptually effective visualization?




Data reduction methods
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Real data example

~over 4 million user check-ins on BrightKite, a location-based network service.

- Using binned aggregation
- Counting the number of points in each bin

- Using color to form a heatmap
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imMens General approach

Bin> Aggregate - Plot



imMens General approach

Bin> Aggregate - Plot
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imMens General approach

Bin> Aggregate - Plot

Aggregate : Count, Min, Max, Sum, Average
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imMens General approach

Bin> Aggregate - Plot

Numeric Ordinal Temporal Geographic

Plot:

- ] g -]
e
H

_I_ 5020 @ 400 :(cl:-;"::v NEEL GRIEENI LA S [ '
Histogram Bar Chart Line Graph/ Choropleth Map
Area Chart

2D e
Binned Heatmap Tempaoral Geographic
Scalter Plot Hcatmap Hcatmap




Two challenges

« Effective visual encoding

« Real-time interaction
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Interactive Techniques

e Select

Details-on-demand
e Navigate
Pan & Zoom
e Query
Brush & Link ( difficult to support)
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elect & Navigate

3M ‘\ || || || ||

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2

=

1

=

Day

3
2.5M
2
1.5M

M
500k
1]

@ h T 8 MIE3h AT 19521 23 252729, 31

=

=

Hour

40
30
20
~ AR
0 | ||-
"

19 21

=

=

=

=




F-

+ sred by Leaflet
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Data cube query to support interaction

512 1023

5-D Data Cube
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Data cube query to support interaction
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Decomposing into sub-cubes

Full 5-D Cube
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1.Send raw data, not pixel

- Able to query and analyze

2.Embed multi-dim data

- Support brushing and linking

Google Map
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The sense of Data reduction

The number of dimensions: 5 (full 5-D cube)
Uniform bin count=b

The number of data records is =

Data tile decomposition =2

The number of records is =

b=50 = # of records is reduced from 372.5M to 0.5 M records
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Brightkite!

Full 5-D Cube —> ~2.3B bins
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Parallel query processing
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Results

5 dimensions x 50 bins/dim x 25 plots
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Results

# of plots / rows
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Results

Data Set Brightkite ~ Flight Delays SPLOM

Size 4M 118M 1B

Bins Month (12)  Carrier (28) Dim. A (50)
Day (31) Year (20) Dim. B (30)
Hour (24) Day of Week (7)  Dim. C (50)
X (256) Dep. Delay (174)  Dim. D (50)
Y (256) Arr. Delay (174)  Dim. E (30)

Data Tiles 13 4 10

Time 17.76 ms 16.56 ms 20.47 ms
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Summary

« We contribute methods for real-time visual querying of big data.
« We integrate multivariate data tiles and parallel processing.
* We use WebGL to access GPU processing in a web browser.

« First system to enable real-time interaction with data sets this large.
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Thank You!
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