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Problem: synonyms

• Query for doctors

– Also want documents containing “physicians”

• Query for user interface design

– Also want documents containing “human-
computer interaction”



Latent Semantic Analysis (LSA)

• Idea:

– Represent documents/words in terms of 
semantics

• E.g.

– If two words tend to occur in similar documents, 
the words are similar

– If two documents tend to include similar words, 
the documents are similar



LSA: Linear Algebra Formulation (1)

• X = term-frequency matrix (t x d)

d1 d2 d3 d4 d5 d6

airplane 2 21 0 0 0 10

does 3 20 13 10 2 12

elephant 2 3 0 2 0 0

found 12 4 2 3 12 1

house 1 1 0 0 1 0



LSA: Linear Algebra Formulation (2)

• Write X (t x d) as
X = W S PT

• Where

– W (t x r) and P (d x r) are orthonormal matrices

– S (r x r) is a diagonal matrix, entries sorted in 
decreasing order

– ….where r = min(t, r)



XXk

LSA: Linear Algebra Formulation (3)

• X = W S PT

• Xk = Wk Sk Pk
T (all but first k entries of S => 0)

• Key: Xk is the best rank-k approx. to X
(in mean squared error)
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Rank-k approximation

• Xk = Wk Sk Pk
T

• Put another way:

– Represent each term as k-vector of numbers

– Represent each document as another k-vector

• Vectors represent “semantics” in the sense that

– Entry in Xk is dot product of term & doc vectors
(with dims weighted by Sk)

– No other length k vectorization approximates X better



Example

From:







Xk



To Review

• Represent each term as k-vector of numbers

– “human” = [0.22, -0.11]

• Represent each document as another k-vector

– d1 = [0.2, 0.61]

• Entry in Xk for “human” appearing in p1 is dot 
product of vectors, weighted by entries of Sk

= Sk (1,1)*0.22*0.2 + Sk (2,2) *-0.11*0.61 = -0.02

• So using k = 1, what does the word vector signify?
The document vector?



LSA vs. Stemming 

• Stemming often confabulates meanings, e.g. flower
becomes flow‘ – as compared to LSA:
– flower-flow have cos = -.01, 
– dish-dishes cos = .68. 

• More examples of cos in latent space capturing word 
meaning:
– Flower: petals .93, gymnosperms 0.47 
– Flow: flows .84, opens 0.46 
– Dish: sauce 0.70, bowl 0.63 
– Dishes: kitchen 0.75, cup 0.57

Thomas K Landauer and Susan Dumais (2008), Scholarpedia, 3(11):4356 
http://www.scholarpedia.org/article/Latent_semantic_analysis



LSA for IR

Score = cos(query k-vector, document k-vector)



LSA: Limitations

• Ignores polysemy
– “Chicago” represented by only one fixed vector

• Ignores word order
– Starts from term vectors

• Scalability
– “… advances have made training on far larger corpora 

possible; for example a 500 million word corpus in 2007, 
took less than a day on a modest-sized cluster.“
[Landauer & Dumais, 2008]

• Increasingly fancy probabilistic models have been 
posited to solve the first two problems 
(and potentially exacerbate the third)


