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Muhammad Arif Butt
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| am working as an Assistant Professor at College of Information Technology, University of the Punjab,
since 2005. | am an ex-Pakistan Army officer, who joined the Pak Army in 1988 and left it after serving
for nearly thirteen years. During my stay in uniform, | had the honor to serve in the snowy mountains of
Kashmir and Siachin. | also have the honor to serve as an instructor at the School of Infantry and
Tactics Quetta, which is a prestigious training institute of Pakistan Army. After the service, my thrust for
knowledge and passion for teaching and learning moved me to one of the leading IT institutes of
Pakistan - Punjab University College of Information Technology (PUCIT). | completed my MSc (CS) and
MPhil (CS) both with a Gold Medal, and started teaching as a full time faculty at PUCIT. My teaching
interests are Operating Systems, Embedded Systems, and System Programming. The focus of my PhD
was on applying Fuzzy inference models in Operating System modules, where decision making is done
based on imprecise and vague inputs, with the intent of enhancing performance and making the beast
more user friendly. | am running a Kernel Fuzzification and Embedded Systems Lab at PUCIT, where |,
along with my students are working on development and fuzzification of Linux Kernel modules and
device drivers.

E-mail: arif@pucit.edu.pk
Office: Principal Office (New and Old Campus)
Phone: +92 42 111 923 923 (Extn: 104)

Office hours: Mondays (Old Campus):  12:01 to 13:00
Tuesdays (New Campus): 12:01 to 13:00
Wednesdays (Old Campus): 12:01 to 13:00
Thursdays (New Campus): 12:01 to 13:00

Mailing address:  Punjab University College of Information Technology, University of the Punjab, Allama Igbal (Old
Campus), Shahrah-e-Quaid-e-Azam (The Mall) Lahore, Pakistan



Course Information

and Protocols

Instructor: Muhammad Arif Butt, Ph.D.



Course Info

Textbook(s): Python for Data Analysis, by, Wes McKinney, 2nd
Edition, Published in 2017, ISBN-13: 9781491957660

Lectures Slides Available at: http://arifbutt.me

Video Lectures Available at: https://youtube.com/learnwitharif
Codes Hosted at: https://github.com/arifpucit/data-science
Grades Website: http://online.pucit.edu.pk

Prerequisites: Basic Programming skills
Office: Building-C, FCIT (NC)

Students Counseling hours:
— Tues: 11:30 hrs — 1:30 hrs
— Thu: 11:30 hrs — 1:30 hrs

24 hour turnaround for email: arif(@pucit.edu.pk

Instructor: Muhammad Arif Butt, Ph.D. >



Who cares to get an A

Final exam: 40

Mid-exam: 35
Sessionals: 25
— Quizzes: 30%
— Programming Assignments : 30%
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— Research Papers : 40%
MPhil.
Minimum GP to pass a course: GP>=2.3 [C+ or 61 mks]
Degree Completion Requirement: CGPA >=2.5
Probation: 2.3 <=CGPA <2.5 [Only one probation allowed]
Dropped out: CGPA<2.3
Ph.D.
Minimum GP to pass a course: GP>=2.7 [B- or 65 mks]
Degree Completion Requirement: CGPA >=2.8
Probation: 2.8 <=CGPA<3.0
Dropped out: CGPA <2.8

e ]
Instructor: Muhammad Arif Butt, Ph.D. 6




Cheating Policx

Academic integrity

Both the cheater and the student
who aided the cheater will be held

responsible for the cheating

The instructor may take actions such as:
— require repetition of the subject work,

— assign 'zero' or may be ‘negative’ marks for the subject

work,

— for serious offenses, assign an F grade for the course

Instructor: Muhammad Arif Butt, Ph.D. /



& J Late Policy for Home Works and PA

. Late policy for Assignment, Quizzes, and other deliverables
— No late Assignment submissions!
— No late quizzes or exams!

 Sticking to dates 1s your responsibility!
— Check announcements on lecture notes regularly

* Your best strategy 1s to play it safe — submit everything on

time

Instructor: Muhammad Arif Butt, Ph.D. 8
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The Big Picture

1950s

Artificial Intelligence

1990s
Machine Learning

2010s
Deep Learning

1960s
Data Science

Big Data
Mathematics & Statistics Programming Skills

Domain Knowledge

Instructor: Muhammad Arif Butt, Ph.D.
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Data Data Everywhere

Data Sources

Instructor: Muhammad Arif Butt, Ph.D.
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Data Sources: Evolution of Technology

Desktop

Telephone Evolution

of
Technology

Smart Car

Instructor: Muhammad Arif Butt, Ph.D.



Data Sources: IoT

Collection of interconnected devices that communicate -
and transfer data through the Internet
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As per CISCO recent survey, IoT is generating more than 500 ZB of data per year

Instructor: Muhammad Arif Butt, Ph.D. 3



Data Sources: Social Media

Oﬁ 347,222 tweets

S O. ——— 1,736,111 pictures
Sodak ©)

- 4,166,667 likes &
N\\Q(j\k@/ nT, 200,000 photos

. ——— 204,000,000 emails

300 hrs of video uploaded
°YOUTUbe 2.78 million video views

Download on the
. App Store

caron ﬁ 342,000 apps downloaded
Imagine processing &

analyzing this much data, —
and then trying to figure [N 70,017 hours watched

out important insights
from it < 2.4 million search queries

Instructor: Muhammad Arif Butt, Ph.D. 14



Data Sources: Other Factors
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Data Science is all about extracting the useful insights from data and using it to grow your business

Instructor: Muhammad Arif Butt, Ph.D. =




Categories of Data

Instructor: Muhammad Arif Butt, Ph.D.
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I What is Data Science?

Instructor: Muhammad Arif Butt, Ph.D.
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What is Data Science?

Data Science is an Inter-Disciplinary Field that uses

Scientific Methods Processes
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A
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Algorithms Systems
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Instructor: Muhammad Arif Butt, Ph.D.
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Factors Making

Data Science Ubiquitous

e e |
Instructor: Muhammad Arif Butt, Ph.D. 22



Increasing Number of Connected Devices

Total number of device connections (incl. Non-loT)
20.0Bn in 2019- expected to grow 13% to 41.2Bn in 2025

Data as of Nov 2020

Number of global active Connections (installed base) in Bn
454
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201

l__ 1, Non-loT
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020E 2021E 2022E 2023E 2024E 2025E

= Compound Annual Growth Rate (CAGR)

Note: Non-loT includes all mobile phones, tablets, PCs, laptops, and fixed line phones. loT includes all consumer and B2B devices connected — see loT break-down
for further details

Source(s): 1oT Analytics - Cellular 1oT & LPWA Connectivity Market Tracker 2010-25

Instructor: Muhammad Arif Butt, Ph.D. 23



Decreasing Internet Transit Pricing

$1,200/Mbps Internet Transit Pricing
—
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Source: Dr.Peering http://drpeering.net/tools/HTML_IPP/chapters/ch02-Internet-Transit/ch02.1-Internet-Transit-Prices.html

Instructor: Muhammad Arif Butt, Ph.D. 24
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Decreasing Costs for Data Storage

hard drive cost per gigabyte (USD)
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Source: https://community.spiceworks.com

Instructor: Muhammad Arif Butt, Ph.D. 25




Decreasing Computational Costs

Cost per Million Standard Operations per Second
(in constant $1985)
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Source: Al Impacts 2015 (https://aiimpacts.org/trends-in-the-cost-of-computing/) using Nordhaus (2000) method.
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Instructor: Muhammad Arif Butt, Ph.D. 26



Applications of Data Science?

e e |
Instructor: Muhammad Arif Butt, Ph.D. 27
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Applications of Data Science

Recommendation Sentiment Upselling ) Recommendation
Systems Placement Analysis Cross-selling [ Systems ]
Discount Price |
}ail Filtering Optimization
Business amazon snopdeol§
go amazon

Forecasting
Fl ‘pkart 4
E-Commerce

Applications
of Data
Science
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Credit Search Algorithm ]

Scoring

Instructor: Muhammad Arif Butt, Ph.D. 28




Applications of Data Science (cont...)

[ Dynamic Pricing ] gﬂight Delay ] Self;(;l;ls\i] L\/Robots
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Applications
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Instructor: Muhammad Arif Butt, Ph.D. 29
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How to Do Data Science?
Languages, Tools and Technologies

Instructor: Muhammad Arif Butt, Ph.D. 30



:@’ Who is a Data Scientist?

Data Scientist

Skill Set

3 Programming languages

Tools T . .
4 A data scientist is a professional

responsible for collecting, analyzing
and interpreting extremely large
Technology amounts  of  structured  and
unstructured data in order to gain
useful insights to grow the business

Techniques

Instructor: Muhammad Arif Butt, Ph.D. 31



Skill Sets of a Data Scientist

1 Data Scientist

Skill Set

3 Programming languages
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Big Data processing Machine Learning
framework

Instructor: Muhammad Arif Butt, Ph.D.
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Tools for Handling this Big Data (3Vs)

Tools are softwares that are used to apply DS
1 Data Scientist techniques to perform a task.

VOLUME
o

Skill Set Microsoft L7 : =\
X “g Access il o0 -ﬂ Cl] 0[0/D =
L IVE

3 Programming language
VARIETY

My SQRL sé’t?% .mongoDB HERSE
C)I'\’ACLE erver . amazon .
72 namo neo
5@'—!‘&2 / = cassandra Pynamepe Q AJ
BRI verocrTy
AAAAAA APACHE

SpQ : STORM Apache Flink

Python Libraries for Data Science Tasks
@‘ SciPy |'| pandas? 'SQLAIchemy SCI’apynBeautlfld;)up matpl* thb Seabcrn

Pvthon msNL»,gJ[n
an mmow- Keras (5 pyTorch Sp"c?, esemantna mc’ap

Instructor: Muhammad Arif Butt, Ph.D. 34
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‘ Techniques for Data Science

Techniques are set of procedures that are followed to
b s perform a task. Tools and techniques together helps in data
collection, data storage, data preparation, data analysis,
Skill Set data modeling and data visualization
Descriptive Statistics

Inferential Statistics
I eﬁ

3 Programming language
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1 i L J
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Classification Techniques

Logistic Regression Decision Tree Random Forest
P rent Nox
9 -
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L _/ 5 L J 1
-6 -4 -2 0 2 4 6 @

Instructor: Muhammad Arif Butt, Ph.D. 35



‘ Techniques for Data Science

Data Scientist

Skill Set

J

3 Programming language
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Descriptive Statistics

Techniques are set of procedures that are followed to
perform a task. Tools and techniques together helps in data
collection, data storage, data preparation, data analysis,
data modeling and data visualization

Inferential Statistics
<>

Linear regression
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Regression Techniques

Relationship between ads and revenue
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Instructor: Muhammad Arif Butt, Ph.D.
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‘ Techniques for Data Science

Techniques are set of procedures that are followed to
b s perform a task. Tools and techniques together helps in data
collection, data storage, data preparation, data analysis,
Skill Set data modeling and data visualization
Descriptive Statistics

Inferential Statistics
I eﬁ

3 Programming language

0 01 02 03 04
1 i L J

Clustering Techniques
Hierarchical Clustering DB SCAN

A A Density-based clustering
u
® ° ¢ . * Spherical-shape clusters * Arbitrary-shape clusters
o W .
L N e * .
o o
s :

L oo ¢ > . >

Instructor: Muhammad Arif Butt, Ph.D. 37



Why is Data Science so Complicated?

. . - fﬂiﬂ
Machine Learning / Statistics () learn

OPyTorch  §ySciPy  [BRme
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Data Analytics saL U Scientific Computing
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Instructor: Muhammad Arif Butt, Ph.D. 38



Data Science Life Cycle

Instructor: Muhammad Arif Butt, Ph.D.

39



ML Project Life Cxcle

Instructor: Muhammad Arif Butt, Ph.D. 40
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Most critical phase of a Data
Science Life Cycle, if conducted
will save lot of time, money and

. resources. /

Understand the problem by
talking to the stake holders &
5 Feature Engineering domain experts to get the clear
understanding of the problem and

6 Model Creation-Trg-Eval Qlocument all the requirements.

7 Deployment & Monitoring
Identify the key business variables that

need to be predicted
Define the success criteria and success
measuring metrics (KPIs & SLAs)

/

Instructor: Muhammad Arif Butt, Ph.D. Al



Data Processing

4 EDA & Visualization

5 Feature Engineering

a 'SQLAIchemy
6 Model Creation-Trg-Eval @ Scrapy

tori Beautif
U Deployment & Monitoring eautiiu

\_/‘7
cassandra

. mongo DB:

Instructor: Muhammad Arif Butt, Ph.D. 42
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Instructor: Muhammad Arif Butt, Ph.D. 43



EDA involves understanding your data
and identifying patterns. It involves

identifying relationships and
correlations between variables using
visual as well as statistical techniques

These patterns are not evident when you
are looking at data in tables. A correct
visualization tool can help you quickly
gain a deeper understanding of your data

Instructor: Muhammad Arif Butt, Ph.D. 44



Feature Engineering

Housing Data Set

Business Problem Covered No of Trees No of Schools Construction

Cit Size Price
Y Area bedrooms near by bathrooms near by Date

— Lahore 2000 3500 3 1 3 1 25/10/2001

Data Acquisition Karachi 2600 3000 2 0 4 | 1 16/05/1990
Islamabad | 1800 2000 3 1 3 2 25/11/1995

. Shaikhupura | 1600 2600 1 2 0 0 08/06/2020
Lahore 2600 2000 3 3 1 1 03/09/2016

Karachi 3000 1000 2 2 1 0 19/01/1980

4  EDA & Visualization Islamabad | 2000 3600 4 4 3 3 21/07/1999
Lahore 1000 2000 3 0 1 2 12/04/2015

5 Feature Engineering Merge the Features

Size of house Size of house

6 Model Creation-Trg-Eval Number of badteoms Number of bedrooms EEE Size feature

Number of bathrooms Number of bathrooms

7 Deployment & Monitoring Schools around

Park around Schools around mmm) Location feature
Park around

Feature Engineering is the process of using domain knowledge to extract features from raw data via data mining techniques
* Extracting Information

* Combining Information

* Transforming Information



Traditional Programming

Machine Learning

'

— \ g
Data —

4 EDA & Visualization ‘%/ Output

5 Feature Engineering

6 MIZ Model
Creation-Trg-Eval

'

Program

Phase 1

‘ Training

7 Deployment & Monitoring

Training  Learning
Use different but appropriate Data Algorithm
machine learning algorithms like l

Decision Tree, Linear Regression, ~ F‘ O/ Phase 2
K-Nearest Neighbour to the data - :

to identify the ?nodel that best fits (3:?—:3 - -M N
the business requirements ) Test Data  Accuracy

Instructor: Muhammad Arif Butt, Ph.D. 46
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Cloud
Deployment

Deployment &
Monitoring

Instructor: Muhammad Arif Butt, Ph.D. 47



Industry Job Roles in

Data Science

Instructor: Muhammad Arif Butt, Ph.D.

48



Industry Job Roles: Data Scientist

Senior most in the team and take inputs from the
rest to formulate actionable insight for the
business

Makes use of the latest tools and technologies in
finding solutions and reaching conclusions that
are crucial for an organization’s growth and
development

Data Engineer

Data Analyst

4 Database Administrator

5 ML Engineer

(ORACLE GOOQ'G

s @ TERS @

Instructor: Muhammad Arif Butt, Ph.D. 49



2 Data Engineer

Data Analyst

4 Database Administrator

5 ML Engineer

V’SA C‘% CISCO

Iooﬂech G ohal)

amazon n ~— AT&T

Scrape data and store it in warchouses using ETL
Handle databases and create data warchouses
Design, build, and manage the big data
infrastructure

Build data pipelines for easy access of data

Big Data Tools (Apache Spark, Apache Hive,
Hadoop)

Cloud Platforms (AWS, Google Cloud Platform)

AAAAAA

Instructor: Muhammad Arif Butt, Ph.D. 20



Industry Job Roles: Data Analyst

Data Analyst is an entry level member into the
data analytics team

Needs to have good technical skills and know the
basics of statistics, data munging, data utilization,
and exploratory data analysis

Generate reports after analyzing the data

Data Scientist

Data Engineer

3 Data Analyst

4 Database Administrator
5 ML Engineer

/OI_\’AC LE

Can move to the role of Data engineer and Data
scientist with more experience

~

I -b..‘."-

_ Walmart > <

Instructor: Muhammad Arif Butt, Ph.D. o1



Data Scientist Responsible for administering the collected data

by installing, configuring, monitoring, operating,
and maintaining database

Ensure that all databases are available to all

Data Analyst relevant users, and 1s protected securely from any

malicious activity
Database
Administrator

Data Engineer

ML Engineer

o+
+++ch|e<Ju

\@ reddit Q

Instructor: Muhammad Arif Butt, Ph.D. o2
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Machine learning engineet: Works as a part ot
large data’science team:

Responsible to design and' create all algorithms
capable of learning and making predictions
They are expected to perform A/B testing, build
data pipelines, and implement algorithms for

classification, clustering, regression, anomaly
detection etc.

4 Database Administrator

S = ML Engineer

~

'- Google

sfi®

Instructor: Muhammad Arif Butt, Ph.D. 23
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History: Data Science Salary Trends

Job Title
Data Scientist

118,709

Business Intelligence manager 105,832

Data Architect 100,118

99,299
95,936

Business Intelligence Architect

Data Engineer

84,043
81,341

Business Intelligence Developer

Business Intelligence consultant
71,050

65,991

62,379

0K 20K 40K 60K 80K 100K 120K 140K

Business Intelligence Analyst

Business Analyst

Data Analyst

Source - Glassdoor

Source: https://towardsdatascience.com/why-learn-data-science-in-2020-d3f54123b2e4

Instructor: Muhammad Arif Butt, Ph.D. o4



History: Job trends

Data Scientist job openings at the world's top companies

Open dataset ¢ Title (Count)

Source: https://www.tecla.io/blog/the-high-demand-for-data-scientists-and-how-to-hire-for-them/

Instructor: Muhammad Arif Butt, Ph.D. 29




Discussion on Course

Matrix

Visit Course Website: http://www.arifbutt.me/

Instructor: Muhammad Arif Butt, Ph.D. 26



& What we will do in this course?

Module 1: (Overview of the course)
 What 1s Data Science?

* Why/How to do Data Science?

e Structured vs Unstructured data

* Applications of Data Science

* Tools and Technologies for Data Science
* Life Cycle of a Data Science Project

« Job Roles in the Industry

* Data Science Use Cases from real life

* (@1t and Github for Data Scientists

Reading Tasks:

Instructor: Muhammad Arif Butt, Ph.D. >/




& What we will do in this course?

Module 2: (Basics of Python Programming)
* Overview of Python programming language
* Python programming environments

* Python intrinsic data types and operators

* Python data structures

* Selection and Repetition structures

* Functions in Python

* Exception handling

* Modules, packages and libraries

* Basic file handling in Python

* Regular Expressions in Python

Reading Tasks:

Instructor: Muhammad Arif Butt, Ph.D. o8



#® What we will do in this course?

Module 3: (Python for Data Scientists)
* Overview of Python libraries for Data Science
* Reading data in Python (csv, xIsx, json)

* Data manipulation with NumPy

* Scientific computation with SciPy

* Data manipulation with Pandas

* Visualization with Matplotlib and Seaborn

Reading Tasks:

Instructor: Muhammad Arif Butt, Ph.D.
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° ° °
2 What we will do in this course?

Module 4: (Mathematics for Data Scientists)
* Applied Linear Algebra for Data Scientists

* Applied Descriptive Statistics for Data Scientists
* Applied Inferential Statistics for Data Scientists
* Applied Calculus for Data Scientists

Reading Tasks:

Instructor: Muhammad Arif Butt, Ph.D. 60




# What we will do in this course?

Module 5: (Data Acquisition)

* Overview of Data Acquisition

* Data Acquisition from Websites (Web Scraping)
* Data Acquisition from SQL Databases

* Data Acquisition from NoSQL Databases

Reading Tasks:

Instructor: Muhammad Arif Butt, Ph.D. ol




2 What we will do in this course?
Module 6: (Machine Learning : A Bird’s-eye View)

* Overview of Machine Learning
* (ategories of Machine Learning Types and Algorithms
* Python for Machine Learning (Scikit-learn)
* Will do hands on practice for
v Model creation
v Model training
v Model evaluation
v" Feature engineering
v" Dimensionality reduction

Reading Tasks:

Instructor: Muhammad Arif Butt, Ph.D. 62



# What we will do in this course?

Module 7: (NLP : A Bird’s-eye View)

* Overview of NLP

* Text Pre-Processing Techniques

* Text Vectorization Techniques

* Applying Machine Learning Models on Textual Data

Reading Tasks:

Instructor: Muhammad Arif Butt, Ph.D. 63




What we will do in this course?

N

Module 8: (Deep Learning: A Bird’s-eye View)

* Machine Learning vs Deep Learning
* Overview of Deep Learning Models (CNN vs RNN)
* Deep Learning Applications
v' Image recognition
v" Self-driving cars
v' Language translation services
* A Hello World on Deep Learning Project using
v" TensorFlow/Keras/Theano/Pytorch/Caffe

Reading Tasks:

Instructor: Muhammad Arif Butt, Ph.D.
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What we will do in this course?

Ny

Module 9: (Big Data: A Bird’s-eye View)
* What 1s Big Data?

* Big Data Storage and Processing Frameworks
v Apache Hadoop with MapReduce (used by Alibaba, AOL)
v Apache Storm (used by Twitter, Spotify)
v" Apache Spark (used by Netflix, Yahoo, eBay)
v Apache Hive (used by Facebook, Walmart)
* An Overview of Hadoop Ecosystem
v' Data Storage (HDFS, HBASE)
v" Data Processing (YARN, Map Reduce)
v’ Data Access (Hive, Pig, Mahout, Avro, Sqoop)
v Data Management (Oozie, Chukwa, Flume, ZooKeeper)

Reading Tasks:
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Things To Do

. Should have a very clear understanding of ————
different data sources, its types and storage axactly what I'm telllng you|

 Must know the applications of data science in
different domains.

* While going through todays lecture slides click [
all the tools and technologies, which have been
hyperlinked to respective web sites.

* Have a very clear understanding of Data Science Life Cycle, the tools
& the technologies used 1n each phase.

* Think of few use cases where you can apply Data Science, Machine
Learning and Deep Learning technologies and make a list of the skill
set you need to develop/learn to implement and deploy such projects.

Coming to office hours does NOT mean you are academically weak!
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