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What is Information Retrieval?
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Which woman has won more 
than 1 Nobel prize?

This one

(Marie Curie)

Given a query, search for the most relevant 
document among a knowledge base.



Search Engines are (mainly) IR systems
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Information Retrieval Information Extraction

Question Answering Text Summarization



Information Retrieval system
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• Three key problems here:

• How to represent the query?

• How to store a knowledge base?

• How to search efficiently and accurately?

• The problems are closely related. We will look at some popular 
approaches.

Given a query, search for the most relevant 
document among a knowledge base.



Scenario 1: SQL
•Structured Query Language (SQL) query

• How to represent the query? 
SQL queries.

• How to store a knowledge base? 
Tabular entries with predefined schemas.

• How to search efficiently and accurately? 
Compile and execute the SQL queries.
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Scenario 2: Max-similarity search
•Find the document that is the most similar to the query.

• How to represent the query? 
Query is just another text-based document.

• How to store a knowledge base? 
Vectorized documents.

• How to search efficiently and accurately? 
Compute the similarity score between the query and each 
document. Return the document with the highest similarity 
score.
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Similarity score
• If the query and the available documents can be represented by 

vectors, we can determine similarity according to their cosine 
distance.
•Vectors that are near each other (within a certain angular 

radius) are considered relevant.
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Vectorization: tf.idf
•  
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Term frequency
•  
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Document frequency
•  
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Word Collection frequency Document frequency

kernel 10,440 3997

try 10,422 8760



Inverse document frequency
•  
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Inverse document frequency
•  
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tf.idf vectorization of a document
•  

14



Aside: BM25
•  
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Scenario 3: Semantic Doc2Vec
•  
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Semantic Doc2Vec
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Evaluating the retrieval systems
• Some commonly used metrics include:

• Precision
• Recall
• F-score
• Precision @ k

18



Precision and Recall
•  
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F-measure
•  
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Precision at k
•  
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Term-document Matrix
- Based on all the terms and documents, we can have a 

term-document matrix X, where each entry Xi,j is tf.idf(wi, dj)

- What can we do about this matrix? (Think of its property: large, 
sparse, noisy…)
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Singular Value 
Decomposition
(some content borrowed from Professor Stark Draper)
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Singular Value Decomposition (SVD)
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Intuition behind SVD
What does this operation mean “physically”?
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Numerical Example

28



Numerical Example cont’d
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Numerical Example cont’d
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Numerical Example cont’d
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Numerical Example cont’d
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Applying that to many values:
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Truncated SVD
How does SVD relate to IR? Well…

- Recall our complaint: X is too large, sparse and noisy

- Could we potentially truncate it? (i.e. keep only the top 𝑘 
singular values?)
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Latent Semantic Indexing
- Instead of using the entire word space (large, sparse, noisy), 

let’s bring it down to a smaller “semantic”-ish space. 

- Truncate the matrix to dimension k, for example. 

- Projecting Query Vectors and Document Vectors onto the 
same latent space of dimension k
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Example: Truncated SVD
Suppose we have 3 terms and 3 documents: 

w1: car d1: car automobile
w2: automobile d2: car automobile
w3: cat d3: cat
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Example: Truncated SVD cont’d
w1: car d1: car automobile
w2: automobile d2: car automobile
w3: cat d3: cat

This will give us the following term-document matrix: 
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Example: Truncated SVD cont’d
When we perform the full SVD 
(compute singular values, find singular vectors, decompose it), 
we have: 

, where:
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Example: Truncated SVD cont’d
Let’s truncate A by keeping only the top k singular values. 
If k = 1: 

If k = 2:
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Example: Truncated SVD
What does the truncation at k = 1 mean in our example? 

w1: car d1: car automobile
w2: automobile d2: car automobile
w3: cat d3: cat

- the strong shared structure involving car, automobile was preserved;
- the smaller separate topic involving cat was dropped
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Aside: Stop List
Stop List: a list of stop words that the system ignores during 

indexing and/or retrieval.

e.g. : the, is, of, and, to…

Do we always use a big universal stop list today?
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Appendix: Recent challenges of IR
• Structured, relational data
• Multi-modal data

42



Structured relational data
• Plain texts are unstructured.

• Many modern IR systems use structured data.
• E.g., docs vectorized to the same dimensions.
• E.g., relational data. 

• Benefits & challenges of structured data.
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{“name”: “Toy Story”,
“director”: “John Lasseter”,
… }



Storing structured data
•  
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Multimodal data
• Most modern IR systems are multimodal.
• The objects contain more than texts.

• Images, sounds, even videos are stored too.
• Choosing the right schemas is very important!
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Song

Artist image Soundtrack Video

An object


