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Running example
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Euclidean
Between vectors u and v of dimension n:

n
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Length normalization

Given a vector u of dimension n, the L2-length of u is

n
2
Z uij
i=1

and the length normalization of u is

[ u1 uz Un ]
llull2" llull2 llull2

llull2 =
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Length normalization
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Cosine distance
Between vectors u and v of dimension n:

er'):l uj X Vi

cosine(u,v)=1—
[Tull2 x IvIl2
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Generalizations

Cosine distance

Between vectors u and v of dimension n:

er',:l uj X Vi

[Tull2 x IvIl2

cosine(u,v)=1—
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Cosine distance

Between vectors u and v of dimension n:

er',:l uj X Vi

cosine(u,v)=1—
[Tull2 x IvIl2

1.0+

091

0.8 1

dx dy 77 (0.81,0.58)
—— 0.6 C

051

0.4+

0.3

0.2

0.1

0.0

5/11



Running example Euclidean Length norm Cosine Other methods Distance metric? Generalizations
o0

Matching-based methods

Matching coefficient

matching(u, v) Zmln(u,, Vi)

Jaccard distance

matching(u, v)
jaccard(u,v)=1— ———————

Z/ 1 max(uj, vj)

Dice distance

2 x matching(u, v
dice(u,v)=1-— 9(u.v)

DNV ERY

Overla
P matching(u, v)

min( X7 ui, 27, vi)

overlap(u,v)=1—

Code snippets

6/11



Running example Euclidean Length norm Cosine Other methods Distance metric? Generalizations Code snippets
oe

KL divergence and variants
KL divergence
Between probability distributions p and q:

D(p Il q) Zp,log( )

p is the reference distribution. Before calculation, smooth by
adding €.

Symmetric KL
D(p 1l q)+D(q ll p)

Jensen-Shannon distance

\2o(p1 25 ) 201 22)
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Proper distance metric?

To qualify as a distance metric, a vector comparison method
d has to be symmetric (d(x, y) = d(y, x)), assign 0 to identical
vectors (d(x, x) = 0), and satisfy the triangle inequality:

d(x,2) <d(x,y) +d(y. 2)

Cosine distance as | defined it | Distance metric?
doesn’t satisfy this: )
Yes: Euclidean, Jaccard for
binary vectors, Jensen-Shannon,
oz cosine as
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Comparing the two versions of cosine
Random sample of 100 vectors from our giga20 count
matrix. Correlation is 99.8.
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Relationships and generalizations

1. Euclidean, Jaccard, and Dice with raw count vectors will
tend to favor raw frequency over distributional patterns.

2. Euclidean with L2-normed vectors is equivalent to cosine
w.r.t. ranking.

3. Jaccard and Dice are equivalent w.r.t. ranking.

4. Both L2-norms and probability distributions can obscure
differences in the amount/strength of evidence, which
can in turn have an effect on the reliability of cosine,
normed-euclidean, and KL divergence. These
shortcomings might be addressed through weighting
schemes.
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Distance metric?

Generalizations

[1]: | import os
import pandas as pd
import vsm

[2]: ABC = pd.DataFrame ([

z2.o, 4.01,

[10.0, 15.01,

[3]: vsm.euclidean(ABC.loc['A'], ABC.loc['B'])
[3]: 13.601470508735444

[4]: vsm.vector_length(ABC.loc['A'])

[4]: 4.47213595499958

[5]: vsm.length_norm(ABC.loc['A']).values
[5]: array([0.4472136 , 0.89442719])

[6]: vsm.cosine(ABC.loc['A'], ABC.loc['B'1)
[6]: 0.007722123286332261

[7]: vsm.matching(ABC.loc['A'], ABC.loc['B'l)
[71: 6.0

[8]: vsm.jaccard(ABC.loc['A'], ABC.loc['B'])

[8]l: 0.76

[14.0, 10.0]], index=['A', 'B', 'C'], columns=['x', 'y'l)
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[9]:

[10]:
[10]:
[11]:
[11]:
[12]:

[12]:

[13]:

[13]:

DATA_HOME = os.path.join('data', 'vsmdata')

yelpbs = pd.read_csv(
os.path. join(DATA_HOME, 'yelp_window5-scaled.csv.gz'), index_col=0)

vsm. cosine(yelp5.1loc['good'], yelp5.loc['excellent'])
0.1197421543700451

vsm.cosine(yelp5.loc['good'], yelp5.loc['bad'l)
0.14118253033888817

vsm.neighbors('bad', yelp5).head()

bad 0.000000
unfortunately 0.116183
memorable 0.120179
0.122024

obviously 0.123120

dtype: float64
vsm.neighbors('bad', yelp5, distfunc=vsm.jaccard).head(3)

bad 0.000000
.. 0.452427
though 0.484269
dtype: float64
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