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Agenda

Why should Software Developers care for 
Mathematics?
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Will Discuss
✓ Concepts
✓ Illustrations
✓ Intuitions
✓ Purpose
✓ Properties

Will not Discuss
Details
Definitions
Formalism
Derivations
Proofs

Three Stories
Database, Search Engines, Text Processing



Story 1

Evolution of RDBMS and SQL
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Image Source https://commons.wikimedia.org/wiki/File:Fotothek_df_n-10_0000117.jpg



Interrelated “Data” as 
a Relation

The Relational Model

Edgar F. Codd 

PhD in Computer Science

Winner of the Turing Award
“He made other valuable contributions to computer science, but 
the relational model, a very influential general theory of data 
management, remains his most mentioned, analyzed and 
celebrated achievement.” 

– Wikipedia.
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The “Relation” from Math 
Textbook
• A relation R from a set A to set B is a subset of the 

cartesian product A x B. 

{           }(   ,    )Relation RedShapes =

Let’s say a relation exists between the reds
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A Relation

• Let the set, id = {1,2,3}

• Let the set, name = {vv, sd}

• What is id x name?

• We have a relation if we assign a 
sequential id to each name.

id name

1 sd

2 vv

id name

1 sd

1 vv

2 sd

2 vv

3 sd

3 vv
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https://dl.acm.org
/doi/pdf/10.1145
/1283920.128393
7?download=true
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https://dl.acm.org/doi/pdf/10.1145/1283920.1283937?download=true


Story So Far…

What is a Relation?

Relational Data Model

MySQL – An RDBMS

Attendance relation
{(1,1), (2,1)} 

is same as the table 
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Query Languages

Relation 1
Relation x Relation y

Query 
Language

Procedural Language
Relational Algebra

Popular Language
SQL
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Select Operation

• Relational Algebra

 dept_name=“Physics”(instructor)
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Project Operation

• Notation:  A1, A2,..,Ak (r) where Ai are attribute 
names

• Example of projection:
ID, name, salary (instructor) 
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Projection

ID, name, salary (instructor) 
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Union, Selection and Projection

• course_id ( semester=“Fall”  Λ year=2009 (section))  
course_id ( semester=“Spring”  Λ year=2010 (section))
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select … from … where … 
Union 
select … from … where … 

Modern day SQL



Story 2

Let us build a search engine!
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Image Source 
https://philbradley.typepad.com/phil_bradleys_weblog/2016/02/100-search-
engines-logos-image-for-you-to-use.html



Simple Retrieval Problem

• Say, we have a collection with 5 documents, each 
having the following contents
• d1: IIIT ALLAHABAD

• d2: IIIT DELHI

• d3: IIIT GUWAHATI

• d4: IIIT KANCHIPURAM

• d5: IIIT SRI CITY

• Assume, the Query is
• IIIT SRI CITY

• Which document will you match and why?
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The Problem: How to Build a 
Retrieval System?
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d1:“IIIT Allahabad”

d2:“IIIT Delhi”
…

Large Collection

C
o

lle
ct

io
n

Retrieval 
System

Results = ??

Query = “IIIT Sri City”



One (bad) Approach

• First match the term IIIT. 
• Filter out documents that contain this term.

• Next match the term Sri.
• Filter out documents that contain this term.

• Next match the term City.
• Filter out documents that contain this term.
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Three iterations! 
Quiz: Can we do better?



A Better Approach
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Revisiting 
Linear Algebra



Vector

• Geometric entity which has magnitude and 
direction
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x

y
Ԧ𝐴

1

1

Ԧ𝐴 is fixed at (0,0)



How is (2,3) Different?
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x

y (2,3)3

2x

y
(1,1) 

1

1



What is (1,1,1) ?
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Remember!
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A number is just a mathematical object. We 
give meaning to it!



Sentences are Vectors

• “Sri City” as a vector
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Sri
C

it
y

Sri City
1

1



Sentences are Vectors

• “IIIT Sri City” is a 3-dimensional vector
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City
II

IT

𝐼𝐼𝐼𝑇 𝑆𝑟𝑖 𝐶𝑖𝑡𝑦
1

1



Sentences are Vectors

• On this 3D space, “Sri City” vector will lie on the x 
(City) and z (Sri) plane. If (x,y,z) denotes the vector, 
“Sri City” is (1,0,1).
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City
II

IT

𝑆𝑟𝑖 𝐶𝑖𝑡𝑦



Natural Language Phrases as 
Vectors
Let query q = “IIIT Sri City”. 

Let document, d1 = “IIIT Sri City” and d2 = “IIIT Delhi”.

q = (1,1,1,0), d1= (1,1,1,0) and d2 = (1,0,0,1)
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IIIT Sri City Delhi

q 1 1 1 0

d1 1 1 1 0

d2 1 0 0 1



Quiz

• Considering the following vectors:

• What is the Natural Language (NL) equivalent of 
(0,1,1,0) ?

• What is the vector for Delhi?
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IIIT Sri City Delhi

q 1 1 1 0

d1 1 1 1 0

d2 1 0 0 1



Similarity Score

• Assume, we have the following two documents:
• d1 = “Chennai”

• d2 = “Delhi”

• On a scale of 0 – 1, how similar are d1 and d2?

• What is the angle between d1 and d2 vectors?
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1

1

Chennai

Delhi

d2

d1

Can we express 
similarity as a function 

of the angles?



0 – 90 to 1 – 0: How?

30

0° 30° 45° 60° 90°

sin 0 1/2 1/√2 √3/2 1

cos 1 √3/2 1/√2 1/2 0

tan 0 1/√3 1 √3 Not defined



Back to Trigonometry: Dot 
Product
• If a and b are non-unit vectors, what is the cosine 

of angle between them (cos ϴ)?
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a ⋅ b = ∥a∥ ∥b∥ cos(θ)

cos(θ) = 
a ⋅ b

∥a∥ ∥b∥

(or)



Example

Let query q = “BITS Pilani”. 

Let document, d1 = “BITS Pilani Goa Campus” and d2 = “IIIT Delhi”.

In our VSM, q = (1,1,0,0,0,0), d1= (1,1,1,1,0,0) and d2 = (0,0,0,0,1,1)

similarity(d1, q) = 
𝑑
1
.𝑞

𝑑
1

| 𝑞 |
= 

1.1 + 1.1
12+12+12+12 12+12

= 0.71. 

similarity(d2, q) = 
𝑑
2
.𝑞

𝑑
2

| 𝑞 |
= 0.
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BITS Pilani Goa Campus IIIT Delhi

q 1 1 0 0 0 0

d1 1 1 1 1 0 0

d2 0 0 0 0 1 1



An Assumption
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More frequent appearance of a query term 
implies higher document relevance.



Which of the Following are Sets?

• {1, 2, 3, 4, 5, 6, 5, 7, 8, 9, 10, 11, 12, 13}

• {A, B, C, D, E, F, G, H, I, I, J, K, L, M, N, O}

• {apple, banana, orange, apple, banana, orange}

34
Vadivelu, a popular 
tamil actor



Bag

• {1, 2, 3, 4, 5, 6, 5, 7, 8, 9, 10, 11, 12, 13}

• {A, B, C, D, E, F, G, H, I, I, J, K, L, M, N, O}

• {apple, banana, orange, apple, banana, orange}
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Set of Words Representation

• “IIIT Sri City”                  → {IIIT, Sri, City}

• “IIIT Sri City, Sri City”    → {IIIT, Sri, City}
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IIIT Sri City

q 1 1 1

(Assuming, we ignore the punctuations)



Bag of Words Representation

• “IIIT Sri City”                  → {IIIT, Sri, City}

• “IIIT Sri City, Sri City”    → [IIIT, Sri, Sri, City, City]
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IIIT Sri City

q 1 2 2

Leads to different vectors

IIIT Sri City

q 1 1 1

IIIT Sri City IIIT Sri City, Sri City



Which Document to Retrieve?
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d1: “CDs cheap software 
cheap CDs”

d2:“cheap thrills DVDs”C
o

n
te

n
tRetrieval 

Model
{VSM, LDA, BM25, 

…}Results = ??

Query, q = “cheap CDs 
cheap DVDs extremely 
cheap CDs”

cheap CDs DVDs extremely software thrills

q 3 2 1 1 0 0

d1 2 2 0 0 1 0

d2 1 0 1 0 0 1

sim(q,d1) = 0.86

sim(q,d2) = 0.59

Example taken from Manning’s IR Book (https://nlp.stanford.edu/IR-book/pdf/irbookonlinereading.pdf)

https://nlp.stanford.edu/IR-book/pdf/irbookonlinereading.pdf


Story 3

We know a lot about Trees!
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Photo by Scott Graham on Unsplash

https://unsplash.com/@homajob?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/job-interview?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


Popular 
Interview 
Questions
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How can you find if a given string S is 
a substring of another string T?

How can you find the number of 
times S occurs in T?

Is S a suffix of T?

Find the longest repeating substring 
of T.

Given two strings X and Y, find the 
longest common substring of X and Y.



Processing Strings with Suffix 
Trees
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Summary: Relational Model

What is a Relation?

Relational Data Model

MySQL – An RDBMS

Attendance relation
{(1,1), (2,1)} 

is same as the table 
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Summary: Vector Space Model
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Model Documents as Vectors
Compute Similarity

A Worked-Out Example



Summary: Suffix Trees
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Thank You
venkateshv@cmi.ac.in

This slide deck is available at http://vvtesh.co.in/.

mailto:venkateshv@cmi.ac.in
http://vvtesh.co.in/

