Latent Semantic Indexing - Linear Algebra Refresher

Matrix Decomposition
e Singular Value Decomposition

e |s atechnique that splits a matrix into three

components with these properties.
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Latent Semantic Indexing - Linear Algebra Refresher

Matrix Decomposition
e Singular Value Decomposition

e SVD reduces the size of your term-document matrix
® reduces the dimensionality or the rank

® you can arbitrarily reduce the dimensionality by putting

zeros in the bottom right of sigma

e this is the mathematically optimal way of reducing

dimensions
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Latent Semantic Indexing - Linear Algebra Refresher

Matrix Decomposition
e Singular Value Decomposition

e |fthe old dimensions where based on terms

e after reducing the rank of the matrix the dimensionality

is based on concepts or semantics

® aconceptisalinear combination of terms

SVDdimensionl = ax* tddiml + b * tddimQ + C* tddims + d * tddim4

SVDdimensiong =a’ * tddim, + b * tddim, + c’ * tddims +d % tddim,

SVDdimensiong =a" * tddiml + b x tddimz =+ ¢’ * tddim3 + d" * tddz’m4
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Matrix Decomposition
e Singular Value Decomposition

SVDdz'mensionl — ax* tddiml + b * tdd’imQ + C* tddim3 + d * tddimél
SVDdimensiong =a % tddz’ml + b x tddimz + ¢ * tdd’ims T d' * tddim4

SVDdimensiong =a" * tddiml + b tddimz T ¢’ * tdd’im3 T d" tdd’im4
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Matrix Decomposition
e Singular Value Decomposition

SVDdz'mensionl — ax* tddiml + b * tdd’imQ + C* tddims + d * tddimél
SVDdimensiong =a % tddz’ml + b x tddimz + ¢ * tdd’ims T d' * tddim4

SVDdimensiong =a" * tddiml =+ b tddimz T ¢’ * tdd’im3 T d" tdd’im4

tddiml
tddz’mg
tddz’mg
tddz’m4
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Matrix Decomposition
e Singular Value Decomposition

SVDd'imensionl = a * tddiml -+ b x tddz’mg + C % tddz’mg =+ d * tddim4
SVDdimensionz — CL/ * tddz’ml T b/ * tddimz + C/ * tdd’im3 + d/ * tddim4

SVDdimensiong =a" * tddiml =+ b tddimz T ¢’ * tdd’im3 T d" tdd’im4

SV D gim., a b ¢ d tgdiml
SVDuimy | = | V¢ @ xSl

. !/ 1/ 17 7 dims
SVDdzm3 a b C d tddz‘m4
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Matrix Decomposition

e Singular Value Decomposition

SV Ddimension; = @ * tddim, + 0% tdgim, + ¢ * tdgim, + d * tdgim,

SVDdimensiong — CL/ k tddz’ml + b/ k tddimg + C/ X tdd’im3 + d/ * tddim4

SVDdimensiong =a" * tddiml =+ b tddimz T ¢’ * tddim?, T d" tdd’im4

SV D gim,
SV D gim.,
SV Dgim.

b/
b//

/

C
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d/
d//

tddiml
tdd’imz

tddim;g
tddim4

SVDConceptSpace = M qUETYTermSpace
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Matrix Decomposition
e Singular Value Decomposition

SV D gim, a b ¢ d gd?ml
SVDgim, | = | a b  d|* , ddzmQ

, /1 /1 1/ 1/ dims
SV D gims a’ b’ " d .

SVDC'onceptSpace = M qUETYTermSpace
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Matrix Decomposition
e Singular Value Decomposition

SV Dgim, a b ¢ d
SVDgim, | = | a b  d|*
SVDdzmg a// b// C// d//

tddzml
tddimz

tddzmg
tddim4

SVDC'onceptSpace = M « qUETYTermSpace

M =¥ U!
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Matrix Decomposition
e Singular Value Decomposition

SV D gim,
SV D gim.,
SV Dgim.

a// b// C//

d//

tddzml
tddimg

tddzmg
tddim4

SVDC’onceptSpace = M « qUETYTermSpace

M=%, 'U}
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qUETYConceptSpace — Zk Uk qUETYT ermSpace
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Matrix Decomposition
e Singular Value Decomposition

e SVD is an algorithm that gives us >U VY
¢ With these quantities we can reduce dimensionality
e With reduced dimensionality
® synonyms are mapped onto the same location
® “bat” “chiroptera”

® polysemies are mapped onto different locations

® “bat” (baseball) vs. “bat” (small furry mammal)
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Matrix Decomposition
. ig Picture




Matrix Decomposition

® “lam not crazy”
* Netflix
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Matrix Decomposition

e “| am not crazy”
o Netflix

¢ Machine translations
e Just like “bat” and “chiroptera” map the same

e “bat” and “murciélago” can map to the same thing

Fh& math is hard but it's beautiful and powerful I

That one mathematically is hard, but is beautiful and at long
range




