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Back to comfortable ground!



BIASED

ȣÔÏ×ÁÒÄ ÍÙ Ï×Î ÒÅÓÅÁÒÃÈȦ



Understand geometry from a

ȰÓÏÆÔÅÎÅÄȱ ÐÒÏÂÁÂÉÌÉÓÔÉÃ
standpoint.

Secondary goal:
Application of machinery from previous lectures

ɉÖÅÃÔÏÒ ÆÉÅÌÄÓȟ ÇÅÏÄÅÓÉÃÓȟ ÍÅÔÒÉÃ ÓÐÁÃÅÓȟ ÏÐÔÉÍÉÚÁÔÉÏÎȣɊ
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Ȱ3ÏÍÅ×ÈÅÒÅ ÏÖÅÒ ÈÅÒÅȢȱ
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Ȱ%ØÁÃÔÌÙ ÈÅÒÅȢȱ
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Ȱ/ÎÅ ÏÆ ÔÈÅÓÅ Ô×Ï ÐÌÁÃÅÓȢȱ



Which is closer, 1 or 2?

Query 1 2
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Which is closer, 1 or 2?

Query 1 2

p(x; y)

p1(x; y) p2(x; y)



p1(x) p2(x)

Lp norm
KL divergence



Which is closer, 1 or 2?

Query 1 2
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Neither!  

Query 1 2
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Measured overlap, 
not displacement.



Smaller bins worsen 
histogram distances



Permuting histogram bins has 

no effect
on these distances.



Image courtesy M. Cuturi

Geometric theory of probability



Compare in this direction

Not in this direction



Match mass from the distributions



Match mass from the distributions

Cost to move mass □
from ●to ◐:

□ẗ▀●ȟ◐
x

y



ÁSupply distribution ▬
ÁDemanddistribution ▬



p q

□ẗ▀●ȟ◐

Starts at ▬

Ends at ▲

Positive mass



EMD is a metricwhen d(x,y) 
satisfies the triangle inequality.

Ȱ4ÈÅ Earth Mover's Distance as a Metric for Image 2ÅÔÒÉÅÖÁÌȱ
Rubner, Tomasi, and Guibas; IJCV40.2 (2000):  99ɂ121.

Revised in:

Ȱ'ÒÏÕÎÄ -ÅÔÒÉÃ ,ÅÁÒÎÉÎÇȱ
Cuturiand Avis; JMLR15 (2014)



Comparing histogram descriptors
http://web.mit.edu/vondrick/ihog/


