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How much data (bytes) 
did we produce in 2010?



2010: 1,200 exabytes

Gantz et al, 2008, 2010



2010: 1,200 exabytes

Gantz et al, 2008, 2010

10x increase over 5 years



The ability to take data—to be able to 
understand it, to process it, to extract value 
from it, to visualize it, to communicate it—
that’s going to be a hugely important skill in 
the next decades,  … because now we really 
do have essentially free and ubiquitous 
data. So the complimentary scarce factor is 
the ability to understand that data and 
extract value from it.

Hal Varian, Google’s Chief Economist
The McKinsey Quarterly, Jan 2009
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How might we support 
expressive and effective 

visualization designs?



d3.js  Data-Driven Documents

with Mike Bostock & Vadim Ogievetsky



GitHub Rank…



GitHub Rank…

5th most starred project on GitHub
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How can we visualize and 
interact with billion+ record 

databases in real-time?



Stratified Sampling (Google Fusion Tables)



Binned Aggregation



imMens: Real-Time Visual Querying of Big Data
with Zhicheng (Leo) Liu & Biye Jiang



imMens: Real-Time Visual Querying of Big Data
with Zhicheng (Leo) Liu & Biye Jiang



5-D Data Cube
Month, Day, Hour, X, Y
 ~2.3B bins
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Full 5-D Cube



Full 5-D Cube
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Full 5-D Cube

For any pair of 1D or 2D binned plots, the 
maximum number of dimensions needed 
to support brushing & linking is four.

Σ Σ Σ Σ



Full 5-D Cube

13 3-D Data Tiles

Σ Σ Σ Σ



~2.3B bins

~17.6M bins
 (in 352KB!)

Full 5-D Cube

13 3-D Data Tiles

Σ Σ Σ Σ



































Query & Render on GPU via WebGL

Σ



Query & Render on GPU via WebGL

Σ

Bind data tiles as image textures.
Compute aggregates in parallel on GPU.



In-Memory Data Cube

imMens

Number of Data Points

5 dimensions x 50 bins/dim x 25 plots
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In-Memory Data Cube

imMens

Number of Data Points

5 dimensions x 50 bins/dim x 25 plots



~50fps querying of visual
summaries of 1B data points.

In-Memory Data Cube

imMens

Number of Data Points

5 dimensions x 50 bins/dim x 25 plots
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I spend more than half of my time 
integrating, cleansing and transforming 
data without doing any actual analysis. 
Most of the time I’m lucky if I get to do 
any “analysis” at all.

Anonymous Data Scientist
from our interview study, 2012



The Elephant in the Room





DataWrangler

with Sean Kandel, Philip Guo, Andreas Paepcke & Joe Hellerstein



Wrangler in 2 Parts…

1. Data transformation language
 Map Operations – split, merge, extract, drop
 Reshaping – fold, pivot (cross-tabulate)
 Lookups & Joins – e.g., FIPS code to US state
  Sorting, Aggregation, etc.

  



Wrangler in 2 Parts…

1. Data transformation language

              +
2. Mixed-initiative interface for data transforms
 User: Selects data elements of interest
 System: Suggests applicable transforms via 

 search over the space of viable transforms
 Enable visual preview and refinement
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Comparative Evaluation with Excel

Median completion time for Wrangler at least
twice as fast in all tasks (p < 0.001).
Suggestions and visual previews used heavily.

Extract

Impute

Reshape



DataWrangler

http://vis.stanford.edu/wrangler
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Stanford Dissertation Browser
with Jason Chuang, Dan Ramage & Chris Manning  [CHI’12]



Stanford Dissertation Browser
with Jason Chuang, Dan Ramage & Chris Manning  [CHI’12]


