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Homework Announcement

Show your work in the homework
Write the full name and id.

The writing should be in latex/legible.

The coding part will not be graded and it is not required to be
submitted.

Please adhere to these rules



Lecture 3
SVD, PCA, HITS, Markov Chain



Singular Value Decomposition
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A:nxdse
U : n x r Orthonormal columns
D : r x r Diagonal matrix
v

: d x r Orthonormal columns

V' . columns are the best fitting lines

U : rows are the projection of rows of A towards those lines





Computatlon of SVD: the power method
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Computation of SVD: the power method Toon
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e Matrix-matrix product is costly, and y be unnecessarl
the matrix is sparse
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e Matrix-vector product is faster

e For any random vector x we can write x = ZJ 1 aJvJ
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The Principal Component Analysis (PCA)J

Find the direction/axis where data is most_spread out (the D/
principal component of data) L

e Ais n x d data matrix

e Data is centered first:

e We just find the (top) eigenvectors of AT A (the directions of
maximum projection) or ekl

e They are just the (top) right singular vectors of A






SVD Example: movie rating

A contrived example from mmds. org

Joe 1 1 1|0~
Jm [3 3 3
John 4 4 4
Jack 55 51070
J 0@ 0\4 4
Jenny 00055
Jane | 0,@) 0|2 2
Qo

Two genres: Sci-fi and Romance


mmds.org



SVD Example: movie rating
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The singular vectors: Genres (concepts)





Dimensionality reduction:
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SVD Example: movie rating
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A rank-2 approximation
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The HITS Algorithm: SVD on the web

Mﬁ"

Ranking webpages (found to be relevant to a ‘term’) in a
collection

Idea: Project a webpage towards the ‘best-fit' direction of the
collection

This direction has the maximum sum of squared projections of
the collection

Collection: can be thought of as a directed graph
Webpages: Vertices ; Links: Directed edges

Page is more important if it has more links





The HITS Algorithm: Ranking webpages

HITS: Hypertext-Induced Topic Selection
Do you know what is a circular definition?
e Authorities: The webpages that many ‘hubs’ link to (the most
prominent source of information)
e Hubs: The webpages that points to many ‘authorities’ (they

|dent|fy the source of information
e Interesting pages gre fall into one of the two categories

e Authorities: Newspaper home pages; Course home pages;
Home pages of auto manufacturers -

e Hubs: List of newspapers; Course bulletin; List of US auto
manufacturers
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mmds.org



The HITS Algorithm

Each node has
e A 'hub’ score
e An ‘authority’ score

Each page starts with hub
score 1. Authorities collect
their votes

(Note this is idealized example. In reality graph is not bipartite and
each page has both the hub and authority score)

source: mmds.org


mmds.org



The HITS Algorithm

@\ Sum of hub

scores of nodes
=) pointing to NYT.

Each page starts with hub

@ score 1. Authorities collect
their votes

Sum of authority
scores of nodes that
the node points to.





The HITS Algorithm

Authorities again collect
the hub scores





Thg\ HITS Algorithm

[V 6 O
0o o 0|, preeg -k ~t T
A ler oo
Voo
rede
e A ‘hub’ score vector u ke, |
e An ‘authority’ score vector v T [{]
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e The adjacency matrix of the graph A |
AV
Algorithm: For i =1,... T3
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Sort v to find the ranking of documents
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Great! So what happened to HITS?





This

A search engine: o SVP
e Finds all webpage with the ‘term’

e rank the webpages and display them in order
S e e

e The later cannot be done in query-time

Rank all the webpages ‘offline’

e Show the webpages with the ‘term’ in the ranked order

Ant universal ranking of the web!





