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Reading: all papers 
mentioned in this lecture

http://cscheid.net/static/unlinked/big_data_visualization.pdf

http://cscheid.net/static/unlinked/big_data_visualization.pdf


Why do we care about 
aggregation operations?

(ggplot demos)





Data Cubes
https://arxiv.org/pdf/cs/0701155.pdf

https://arxiv.org/pdf/cs/0701155.pdf






How do we compute it?



How do we compute it?

• Either on the fly


• Or accessing precomputed values


• Or some combination of it



How do we compute it?
http://web.eecs.umich.edu/~jag/eecs584/papers/

implementing_data_cube.pdf



How do we compute it?
http://www.cs.umd.edu/~nick/projects/Dwarf.pdf



How do we compute it?



Spatial Tricks
• Question: Given a 1D array of n integers and O(n) 

precomputation time and space, how do you 
answer queries about the sum of k consecutive 
integers in O(1) per query?


• Question: Given a 1D array of n integers and O(n) 
precomputation time and space, how do you 
answer queries about the max of k consecutive 
integers in O(log n) per query?



Different kinds of 
aggregation operations

• What’s the main difference between “a+b” and 
max(a,b)?



Different kinds of 
aggregation operations

• What’s the main difference between “a+b” and 
max(a,b)?


• Groups vs monoids



Spatial Tricks

• How do you extend these tricks to multiple 
dimensions?



Spatial Tricks



How do we display it?
http://graphics.stanford.edu/papers/polaris_extended/polaris.pdf

http://graphics.stanford.edu/papers/polaris_extended/polaris.pdf


How do we display it?
http://graphics.stanford.edu/papers/pan_zoom/paper.pdf



How do we display it?
http://graphics.stanford.edu/papers/pan_zoom/paper.pdf



How do we display it?
http://graphics.stanford.edu/papers/pan_zoom/paper.pdf

The paper that started a 
billion-dollar company…


