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Story 1

Evolution of RDBMS and SQL




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.

!




The “Relation” from Math
‘extbook

e A relation R from a set A to set B is a subset of the
cartesian product A x B.

{@4) @A)
{000} x {AA} - (04A)(@A),
set A setB (.,A), (.,A)}

set of all ordered pairs, AxB
AxB={(a,b)|ac A and be B}

Let’s say a relation exists between the reds

Relation RedShapes = {(‘, A)}
K




A Relation Md |name

1 sd
 Let the set, id ={1,2,3} 1 wv
* Let the set, name = {vv, sd} 2 sd
* What is id x name? 2w
* We have a relation if we assign a z ii

sequential id to each name.

1 sd

2 vV




The 1981 ACM Turing Award Lecture

Delivered at ACM "81, Los Angeles, California, November 9, 1981

The 1981 ACM Turing Award was presented to Edgar F. Codd, an IBM
Fellow of the San Jose Research Laboratory, by President Perer Denning on
Novemnber 9, 1981 at the ACM Annual Conference in Los Angeles, California
It is the Association’s forermost award for technical contributions to the com-
puting community.

Codd was selected by the ACM General Technical Achievement Award
Committee for hiz “fundamenial and continuing contributions to the theory
and practice of darabase management systems.” The originator of the relational
maodel for databases, Codd has made further important contributicns in the
development of relational algebra, relational calculus, and normalization of
relations,

Edgar F. Codd juirmf.‘l IBM in 1949 10 prepare programs for the Selective
Sequence Electronic Calculator. Since then, his work in computing has encom
passed logical design of computers (IBM 701 and Stretch), managing a computer
center in Canada, heading the development of one of the first operating systems
with a general multiprogramming capability, contributing to the logic of zelf
reproducing autcmata, developing high level rechnigues for software specifica-
ton, \'.':-!‘Jl.1ir'..|-?I and L"KII.":Irﬁr'lq the relational ﬂppru:s,l_:l'l 0 darabase MANAZEIMENE, and dr_'vl:l_r_;-[_'lin-__}' an English a,nal_\zm-._:

volume in the ACM Monograph Series,

Codd received his B.A. and M.A. in Mathematics from Oxford University in England, and his M.3¢. and Ph.D
in Computer and Communication Sciences from the University of Michigan. He 5 a Member of the National
Academy of Engineering (USA) and a Fellow of the British Computer Society.

The ACM Turing Award is presented each year in commemoration of A. M. Turing, the English mathematician
who made major contributions to the computing sciences.

Relational Database: A Practical Foundation for
Productivity

E. F. Codd
IBM San Jose Research Laboratory

https://dl.acm.org
/doi/pdf/10.1145

/1283920.128393
7?download=true



https://dl.acm.org/doi/pdf/10.1145/1283920.1283937?download=true

Story So Far...

What is a Relation?

{®A) @A)
{000} x {AA} - (@A)@A)
setA setB (.")’ (.’ A)}

set of all ordered pairs, AxB

AxB={(a,b)|ac A and bc B}

Let’s say a relation exists between
the reds:

Relation R = {(., A)}

MySQL — An RDBMS

Relational Data Model

1 sd

1w CEEE
2 sd vs 1 sd

2 vy 2 v
3 sd

3 w

Attendance relation

{(1,1), (2,1)}
is same as the table

studentid sessionid
» 1 1
2 1




Query Languages

Language

Procedural Language
Relational Algebra

Popular Language

SQL

Relationy




Select Operation

ID name dept_name salary
22222 Einstein Physics 95000
12121 Wu Finance 90000
32343 El Said History 60000
45565 Katz Comp. Sci. 75000
98345 Kim Elec. Eng. 80000
76766 Crick Biology 72000
10101 Srinivasan Comp. Sci. 65000
58583 Califieri History 62000
83821 Brandt Comp. Sci. 92000
15151 Mozart Music 40000
33456 Gold Physics 87000
76543 Singh Finance 80000
(a) The instructor table
* Relational Algebra
o Olelot_mmez,,Phym,,( instructor)
| D HaMe | dqrf_ﬂmw safmy |
22222 | Einstein Ph}*sica 05000
33456 | Gold Physics 87000




Project Operation

* Notation: |1 ,; 4, . (r) where A; are attribute

Names

1D name dept_name salary
22222 Einstein Physics 95000
12121 Wu Finance 90000
32343 El Said History 60000
45565 Katz Comp. Sci. 75000
98345 Kim Elec. Eng. 80000
76766 Crick Biology 72000
10101 Srinivasan | Comp. Sci. 65000
58583 Califieri History 62000
83821 Brandt Comp. Sci. 92000
15151 Mozart Music 40000
33456 Gold Physics 87000
76543 Singh Finance 80000

* Example of projection:

1_[/D, name, salary (i nstructor )

(a) The instructor table




Projection

ID name dept_name salary
22222 Einstein Physics 95000
12121 Wu Finance 90000
32343 El Said History 60000
45565 Katz Comp. Sci. 75000
98345 Kim Elec. Eng. 80000
76766 Crick Biology 72000
10101 Srinivasan | Comp. Sci. 65000
58583 Califieri History 62000
83821 Brandt Comp. Sci. 92000
15151 Mozart Music 40000
33456 Gold Physics 87000
76543 Singh Finance 80000

(a) The instructor table

1_[/D, name, salary (i nstructor )

—

| ID name | salary |
10101 | Srinivasan | 65000
12121 | Wu 90000
15151 | Mozart 40000
22222 | Einstein 05000
32343 | El Said 60000
33456 | Gold 87000
45565 | Katz 75000
58583 | Califieri 62000
76543 | Singh 80000
76766 | Crick 72000
83821 | Brandt 92000
08345 | Kim 80000




Union, Selection and Projection

1_[course_id (Gsemester=”5pring” N\ year

l_[course_id (Gsemester=”Fa//” N\ year

course_id | sec_id ‘ semester  year | building ‘ room_number  time_slot id |
BIO-101 1 Summer | 2009 | Painter 514 B
BIO-301 1 Summer | 2010 | Painter 514 A
C5-101 1 Fall 2009 | Packard 101 H
C5-101 1 Spring 2010 | Packard 101 F
C5-190 1 Spring 2009 Taylor 3128 E
C5-190 2 Spring 2009 | Taylor 3128 A
C5-315 1 Spring 2010 | Watson 120 D
C5-319 1 Spring 2010 | Watson 100 B
C5-319 2 Spring 2010 Taylor 3128 C
(CS-347 1 Fall 2009 | Taylor 3128 A
EE-181 1 Spring 2009 | Taylor 3128 C
FIN-201 1 Spring 2010 | Packard 101 B
HI5-351 1 Spring 2010 | Painter 514 C
MU-199 1 Spring 2010 | Packard 101 D
PHY-101 1 Fall 2009 | Watson 100 A

Modern day SQL

—2009 (section)) U

—>010 (section))

—)

select ... from ... where ...
Union
select ... from ... where ...

courseJd
CS-101
Cs-315
(CS-319
CS-347
FIN-201
HIS-351
MU-199
PHY-101




Story 2

Let us build a search engine!

| u,JE'd a ;zanmeta' ,
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Simple Retrieval Problem

e Say, we have a collection with 5 documents, each
having the following contents
e d1: IIIT ALLAHABAD
e d2: IlIT DELHI
e d3: IIT GUWAHATI
e d4: [IIT KANCHIPURAM
e d5: [IIT SRICITY

* Assume, the Query is
* [IIT SRICITY

* Which document will you match and why?




The Problem: How to Build a
Retrieval System?

Query = “IlIT Sri City” c d,:“llIT Allahabad”
— ° -9
REtrleval g dz:ul”T Delhi”
System §
Results = ??

Large Collection




One (bad) Approach

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

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

* Next match the term City.
* Filter out documents that contain this term.

Three iterations!
Quiz: Can we do better?




A Better Approach

Revisiting
Linear Algebra




Vector

* Geometric entity which has magnitude and
direction

ylk

|7

1 X

A is fixed at (0,0)




How is (2,3) Different?

Y 3 (2,3)




Whatis (1,1,1) ?

(0,0,1) /

~461.1.1)

.
,
0.0)

I

I

(1.1,0)




Remember!

A number is just a mathematical object. We

give meaning to it!




Sentences are Vectors

* “Sri City” as a vector

- City

Sri City

Sri




Sentences are Vectors

* “IlIT Sri City” is a 3-dimensional vector

UL

| T sriciny
| ./S"‘
|

1 (Eity




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).

UL

o\

%’ Sri City

(Eity




Natural Language Phrases as
Vectors

Let query g = “llIT Sri City”.
Let document, d, = “llIT Sri City” and d, =“llIT Delhi”.

q 1 0
d, 1 0
d, 1 1

q = (111)110)1 dl= (1111110) and d2 = (1101011)




Quiz

* Considering the following vectors:

q 1 0
d, 1
d, 1

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

e What is the vector for Delhi?




Similarity Score

* Assume, we have the following two documents:
* d; = “Chennai”
* d, = “Delhi”

* On a scale of 0 — 1, how similar are d, and d,?
* What is the angle between d, and d, vectors?

Can we express

similarity as a function
of the angles?

Chennai




0-90to1-0: How?

0° 30° 45° 60° 90°
sin 0 1/2 1/V2 V3/2 1
CoS 1 V3/2 1/V2 1/2 0

tan 0 1/V3 1 V3 Not defined




Back to Trigonometry: Dot
Product

* If a and b are non-unit vectors, what is the cosine
of angle between them (cos ©)?

a-b=|lall lIbll cos(6)

(or)

a‘b
lall llbll

cos(0) =




Example

Let query g = “BITS Pilani”.
Let document, d, = “BITS Pilani Goa Campus” and d, = “llIT Delhi”.

q 1 1 0 0
d, 1 1
d, 0 0 0 0

In our VSM, q = (1,1,0,0,0,0), d,=(1,1,1,1,0,0) and d, =(0,0,0,0,1,1)

L _ d.q 1.1+1.1 .
similarity(d, q) = il - Ve Vit 0.71.
similarity(d, q) = L4 -,

|, 1] lql]




An Assumption

More frequent appearance of a query term

implies higher document relevance.




Which of the Following are Sets?

° {1I 2) 3) 4) 5) 6) 5) 7I ) ) 10) 11)
° {AI BI CI DI EI FI GI HI |I |I ‘ll
* {apple, banana, orang

, 13}
4 MI NI O}
apple, ba

na, orange}

Vadivelu, a popular
tamil actor



Bag

{1,2,3,4,5,6,5,7,8,9,10, 11, 12, 13}
° {AI BI CI DI EI FI GI HI II II ‘ll KI LI MI NI O}
* {apple, banana, orange, apple, banana, orange}




Set of Words Representation

* “IIIT Sri City” > {IIT, Sri, City)
o “|IIT Sri City, Sri City” = {llIT, Sri, City}

(Assuming, we ignore the punctuations)




Bag of Words Representation

* “IIT Sri City” - {IlIT, Sri, City}
* “IIIT Sri City, Sri City” - [IIT, Sri, Sri, City, City}

d

T Sri City [T Sri City, Sri City

q 1 1 1 q 1 2 2

Leads to different vectors




Which Document to Retrieve?

Query, g = “cheap CDs

cheap DVDs extremely

cheap CDs” — Retrieval d,: “CDs cheap software

Model cheap CDs”
@] {VSM, LDA, BM25, d,:“cheap thrills DVDs”
Results = ?? -}
q 3 2 1 1 0 0
d, 2 2 0 0 1 0 < sim(q,d,)=0.86
1 0 0 1 *—— sim(q,d;)=0.59

Example taken from Manning’s IR Book (https://nlp.stanford.edu/IR-book/pdf/irbookonlinereading.pdf) -
38



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

Story 3

We know a lot about Trees!



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

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

How can you find the number of

POpu |a I times S occurs in T?

QU e St IONS 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

s = abaaba$ /Q& :
b

a \.
How can you find if a given string S is g{ (J?
a

ba$ a

2%
o

a substring of another string T?

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

a
Is S a suffix of T? - ;i
®

a

r
;
®

b

Find the longest repeating substring (# a

Given two strings X and Y, find the (;) $

longest common substring of X and Y. a 6
$

®




Summary: Relational Model

What is a Relation?

{(@A) @A), Relational Data Model
{000} x {AA} - (@A) @A),

setA setB @, 4) (@ A)} nm

set of all ordered pairs, AxB

AxB={(ab)|acAandbc B} 1 Sd
- .. mE
l_ﬁ;’i;j;/:a relation exists between 2 sd v 1 sd
RelationR= {(@, A)} 2 w 2w
3 sd
3 w

MySQL — An RDBMS

Attendance relation

{(1,1), (2,1)}
is same as the table

studentid sessionid
» 1 1
2 1




Summary: Vector Space Model

Model Documents as Vectors e e .
Compute Similarity

T

[uy

ITIT Sri City ‘\ [:05(9) =
P 11| llal

| 1 City

A Worked-Out Example

Query, q = “cheap CDs

N
cheap DVDs extremel : ( \
chea:j CDs” Y Retrieval d,: “CDs cheap software
Model | — cheap CDs”
4] {VSM, LD, BM25, d,:“cheap thrills DVDs”
Results = ?? = \ |
h - _./.
q 3 2 1 1 0 0
d, 2 2 0 1 0 <+ sim(q,d,)=0.86

d, 1 0 1 0 0 q «— sim(q,d,)=0.59




Summary: Suffix Trees

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.

s = abaaba$ /?\ .
b

b

P

o

$

¢

Koot

764
Lo el
r
®

?

0

$

¢

§




VENKATESH VINAYAKARAO @
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Research

My research interest is in building Search Engines. How does Google work? How to search trillions of documents within microseconds? How to evaluate if Google is better or
Bing? Broadly, Information Retrieval is the field of study that investigates these questions. My current focus is on investigating the techniques to search for source code.
You will see me discussing Programming Languages, Program Analysis and Software Engineering. More about my research is here.

If you are looking for an answer to an even more fundamental and important question: Why to study information retrieval?, enjoy the video from my students of the 2018 IR
offering at IIITS - Mounika, Parkhi and Pragna.

Publications: DBLP Google Scholar

Teaching

Term@CMI: Feb - Mar 2021: RDBMS, SQL and Visualization
Term@CMI: Dec - Jan 2020: Advanced Information Retrieval
Term@CMI: Aug - Nov 2020: [nformation Retrieval
Term@CMI: Jan - Apr 2020: Big Data and Hadoop
Term@CMI: Jan - Apr 2020: Applied Program Analysis
Term@CMI: Oct - Nov 2019: RDBMS, SQL and Visualization
Term@CMI: Aug - Sep 2019: Information Retrieval
Term@CMI: Mar - Apr 2019: Program Analysis

Term@IIITS: Aug - Dec 2018: Information Retrieval
Term@IIITS: Aug - Dec 2018: Computer Programming

Talks

Tweets v &
Why should software developers care for mathematics? Software products have grown in scale and complexity. We have
built amazing software products such as operating systems and search engines that are not only large, but also fast. Mere ’ Venkatesh Vinayakarao
knowledge of programming languages has become insufficient for effective software development. The logical thinking vinr
ability, data structures and algorithmic skills are essential, but they leave a gap for mathematical models to fill. Have you o % <
ever wondered how the massive search engines that index trillions of documents are able to respond within sub-seconds? ‘our cloud database business growing in triple-
In this talk, we discuss the fundamental question,"Why should software developers care for mathematics?". We will take digits” - Larry Eliison on Oracle's Autonomous
relational databases and search engines as examples to discuss the role of mathematical models in building large scale Database, March 2020
complex software systems. Tech Talk (delivered live online) for Qualcomm, 18th Feb, 2021. Slides

Thank You

venkateshv@cmi.ac.in
This slide deck is available at http://vvtesh.co.in/.
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