
Announcements…

• TCE website still open - please fill it out!



So You Have Too Much 
Data. What Now?

CS444



Previously…
• “Overview, zoom-and-filter, details-on-demand”


• These are requirements for the experience of an 
interactive visualization


• But how do we implement them?


• Today’s lecture is a sampling of ongoing research 
work in the area



Do we care about this?

• A half-second latency 
between query and response 
changes user strategies in 
interactive data analysis


• Order effect: if first interaction 
is high-latency, user 
performance is degraded 
throughout entire session



Sampling
If it’s good enough for stats, it should be good enough 

for vis (right?)

https://xkcd.com/221/



Why sampling?
• In statistics, we do it for two reasons:


• For many questions, we don’t need the entire 
population to get good answers 

• And it’s too costly anyway


• In vis, we want to reduce running time, latency, or 
time to next question



Incremental Analytics



Incremental Analytics



Incremental Analytics

• Show uncertainty range


• These come from 
“concentration bounds”


• As you get more data, 
uncertainty drops.



How do we build this?

• Instead of asking server for entire dataset, ask for 
“1000 values at random”


• or “next 1000 values”


• Compute based only on those values



Sampling demo
> ggplot(filter(diamonds, carat < 3), aes(x=carat, y=price)) + geom_point()



Sampling demo
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Sampling demo
> ggplot(filter(sample_n(diamonds, 1000), carat < 3), aes(x=carat, y=price)) + 

   geom_point(size=2*sqrt(58700 / 1000))



But what about 
outliers?



(After about 20 tries…)
> ggplot(sample_n(diamonds, 1000), aes(x=carat, y=price)) + geom_point(size=2*sqrt(58700/1000))



Without filtering outliers..
> ggplot(diamonds, aes(x=carat, y=price)) + geom_point()



Outliers are not the only 
problem

• Simple random sampling only works when 
subpopulation is “easy to access” 

• This is not only about vis! (political polls…)
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Outliers are not the only 
problem

• So… why does it work for sampleAction?


• … it kind of doesn’t



Outliers are not the only 
problem



What’s going on here?
• Simple random sampling only works when 

subpopulation is “easy to access”



How do we solve it?
• Very much an active research problem
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How do we solve it?
• Big idea: only preserve visually important properties 

• http://arxiv.org/pdf/1412.3040.pdf

http://arxiv.org/pdf/1412.3040.pdf


How do we solve it?
• Big idea: only preserve visually important properties 

• Sample the subset that is most likely to change the 
output where it matters





Do you know the one about the physics 
student who asked his professor how much 

math he needed to know?



• Big idea: stratified samples


• Big idea: only preserve visually important 
properties 

• Sample the subset that is most likely to 
change the output where it matters

How do we solve it?



Data Cubes
Let’s talk aggregation



Data Cubes
Let’s talk aggregation



Data Cubes: aggregate by 
collapsing attributes

Multiscale Visualization using Data Cubes,  
Stolte et al., Infovis 2002



Data Cubes

• There are other axes of aggregation besides 
columns that we also care about in visualization


• For example, ranges



Data Cubes
• There are other axes of aggregation besides 

columns that we also care about in visualization


• For example, ranges:


• How many cars sold between 1995 and 1999?


• 1997 and 2001? 2001 and 2002?


• How do we make it go fast?



immens: Liu, Jiang, Heer, 
Eurovis 2013

• Preaggregate some dimensions into “data tiles”


• Compute final aggregations on GPUs


• Incredibly fast and simple 

• Decide on spatial resolution ahead of time


• Somewhat limited querying power



Demo time

• http://vis.stanford.edu/projects/immens/demo/
brightkite/

http://vis.stanford.edu/projects/immens/demo/brightkite/


nanocubes: Lins, Klosowski, 
Scheidegger 2013

• Many aggregations overlap 

• Build data structure where aggregations over multiple 
scales are compactly stored and easily combined


• Sufficiently fast (network latency dominates)


• Implementation is more involved, memory usage not 
ideal



Query: produce a count heatmap of 
the world for all points in my 

database



Query: produce a count heatmap of 
the world for all points in my 

database

n
if no aggregation was pre-

computed then this query is 
proportional to “n”
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......

if we pre-aggregate counts

(e.g. quadtree) the query time 
becomes proportional to the 
number of reported pixels



Query: produce a count heatmap of 
the world for all points in my 

database

n

......

if we pre-aggregate counts

(e.g. quadtree) the query time 
becomes proportional to the 
number of reported pixels

What about brushing?




nanocubes: Lins, Klosowski, 
Scheidegger 2013

• Simple 1D example



nanocubes: Lins, Klosowski, 
Scheidegger 2013

• Simple 2D example



Demo time

• http://nanocubes.net


• http://hdc.cs.arizona.edu/mamba_home/~cscheid/
flights_test/

http://nanocubes.net
http://hdc.cs.arizona.edu/mamba_home/~cscheid/flights_test/

