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Data Science is the study of 
extracting value from data

JEANNETTE WING



What is Data Science?

“Data science is the study of extracting value  from 
data”           
         -   Jeannette 
Wing

Value
• Requires domain expertise to determine 

what value is

• Value from data is different based on the domain and the needs



What is Data Science?

“Data science is the study of extracting  value from 
data”           
         -   Jeannette 
Wing

Extracting
• Emphasizes action on data

• Mining information



Math + Computer Science + Domain Knowledge





CS260 is not an entry level DS course

• “Math for Machine Learning”

• Meant to prepare students for 300 - level data - oriented 
courses

• Machine Learning (CS360)

• NLP/Computational Linguistics (CS325)

• Robotics (CS369)

• Computer Vision

• Computational Biology

• Advanced ML courses at Penn

• Most of these are in Python so we will also cover 
advanced Python topics and libraries



There will be math!



KEY COMPETENCIES FOR AN 
UNDERGRADUATE DATA SCIENCE 
STUDENT

• Computational and statistical thinking

• Mathematical foundations

• Model building and assessment

• Algorithms and software foundation

• Data curation

• Knowledge transference — communication and 
responsibility

From: De Veaux et al, 2017



Learning from data: classification

• Email filtering (spam vs. not -spam)

Images: Wikipedia, Matouš Havlena



• Tumor detection (benign vs. malignant)

Images: The New Yorker

“On Breast Cancer Detection: An Application of Machine 

Learning Algorithms on the Wisconsin Diagnostic 

Dataset”

Learning from data: classification



• Tumor detection (benign vs. malignant)

• Handwriting recognition
(digits in a check)

Images: The New Yorker

Learning from data: classification



Images: The New Yorker

Learning from data: regression



Statistical Tests

Wayne W. LaMorte, MD, PhD, MPH

Boston University School of Public Health



Statistical Tests

Wayne W. LaMorte, MD, PhD, MPH

Boston University School of Public Health



Data Visualization

“Expression reflects population structure”, Brown et al (2018)



Clustering Data

“Event detection in Colombian security Twitter news using fine-grained latent topic 

analysis”, Vargas-Calderon et al (2019) 



Learning from data: networks

“A Gentle Introduction to Graph theory”, by Xavier Sumba



Natural Language Examples

• Text Classification

• Language Modeling

• Speech Recognition

• Caption Generation

• Machine Translation

• Document Summarization

• Question Answering

• Text Generation

https://machinelearningmastery.com/applications-of-deep-learning-for-natural-language-processing/

https://openai.com/blog/better-language-

models/

Machine reading comprehension

https://openai.com/blog/better-language-models/
https://openai.com/blog/better-language-models/
https://openai.com/blog/better-language-models/
https://openai.com/blog/better-language-models/
https://openai.com/blog/better-language-models/


Self-driving cars are in our present and future

Images: Scientific American

AlphaGo: moves humans never thought of

Modern Machine Learning examples



• Algorithms that learn 
how to create

Image-to-Image Translation with 

Conditional Adversarial Nets (Nov 

2016)

Modern Machine Learning examples

https://phillipi.github.io/pix2pix/
https://phillipi.github.io/pix2pix/
https://phillipi.github.io/pix2pix/
https://phillipi.github.io/pix2pix/
https://phillipi.github.io/pix2pix/
https://phillipi.github.io/pix2pix/
https://phillipi.github.io/pix2pix/


Generative Models

Generative models have also been used to create synthetic genomic data to maintain privacy



Generative Models

Style transfer

with GANs

“Surrealist painting of a floating island with giant clock gears, populated with mythical creatures.”

Stable Diffusion



brynmawr.edu

Logistics



Communication 

Course webpage
 https:// cs.brynmawr.edu /cs280  

Piazza :

 Course communication
 Ask & Answer Questions
 Can post anonymously 



Course Meetings: 10:10 – 11:30 T/Th

Live class
 Daily quizzes
 Primarily lectures
 Discussions & exercises
 Q/A
 Recorded

Pre - class readings :
 Expected to read assigned readings before class
 Distributed on course schedule

Lab
 2:40 - 4 T
 Similar to lecture, but more emphasis on handouts



Homeworks
LEARNING BY DOING



Homeworks
Weekly through out semester

Submit individually

Autograder

Typically due Tuesday night

Late day policy
 Submit after deadline, grade for assignment is capped at 75%
 Can resubmit until the next midterm
 Ill grade on: Wednesday, before Midterms, and Final

HW01 –  available, due Tuesday 09/08



AI Policy
None



Rubric

2 Midterms –  dates on website

Participation 10%

Homework 10%

Midterms 25% (10 + 15)

Final 55%



Participation
During class:
 Discussion
 Asking questions

Asynchronous
 Active on Pizza



Assignment Logistics
Distribution
 Piazza

Gradescope



brynmawr.edu

Course Staff



brynmawr.edu

Adam Poliak

apoliak@brynmawr.edu

5 th  year at BMC

Taught 5 DS/ML courses

Research:

 Natural Language Processing

 Data Science applied to text 

data

Worked as data scientist in industry

mailto:apoliak@brynmawr.edu


My job is to help you 
succeed!



Python demo



Python demo

Input

Random

Plotting

Numpy

dictionaries



Handout 1 – Part 1



Python style
Decompose code into natural functions

Avoid global variables (sometimes useful)

Include a file header with purpose, author, and 
date

Include headers for each function

No lines over 100 chars

Variable names implicitly show type

Include line breaks and comments!



“Snake -case” not “camel -case”
linearSearch

linear_search

Alphabetize imports and don’t use “*”
from numpy  import *

import numpy  as np

Python style



Python style examples



Structure of main and “helper” functions

Main (driver)

Helper 
Function

1 Helper 
Function

2

Helper
Function

3

Sub-
helper 

A

Sub-
helper

B

Sub-
helper

C



Structure of main and “helper” functions



Reminder: steps of top-down-design (TDD)



1) Design a high-level main function that captures the basic idea of the 
program.

Reminder: steps of top-down-design (TDD)



1) Design a high-level main function that captures the basic idea of the 
program.

2) As you're writing/designing main, think about which details can be 
abstracted into small tasks. Make names for these functions and 
write their signatures below main.

Reminder: steps of top-down-design (TDD)



1) Design a high-level main function that captures the basic idea of the 
program.

2) As you're writing/designing main, think about which details can be 
abstracted into small tasks. Make names for these functions and 
write their signatures below main.

3)  “Stub” out the functions. This means that they should work and 
return the correct type so that your code runs, but they don’t do the 
correct task yet. For example, if a function should return a list, you 
can return []. Or if it returns a boolean, you can return False.

Reminder: steps of top-down-design (TDD)



1) Design a high-level main function that captures the basic idea of the 
program.

2) As you're writing/designing main, think about which details can be 
abstracted into small tasks. Make names for these functions and 
write their signatures below main.

3)  “Stub” out the functions. This means that they should work and 
return the correct type so that your code runs, but they don’t do the 
correct task yet. For example, if a function should return a list, you 
can return []. Or if it returns a boolean, you can return False.

4) Iterate on your design until you have a working main and stubbed out 
functions. Then start implementing the functions, starting from the 
“bottom up”.

Reminder: steps of top-down-design (TDD)



Reasons to use TDD
Creates code that is easier to implement, debug, 
modify, and extend

Avoids going off in the wrong direction (i.e., 
implementing functions that are not useful or don’t 
serve the program)

Creates code that is easier for you or someone 
else to read and understand later on



Don’t be like them!



Largely dependent on the number of data points 
and data structures in use

Constant time operations ( O(1) ): accessing values 
in an array, dictionary, etc.

Iterating through n items: O(n)

Sequential steps: add  their runtime

Nested operations: multiply  their runtime

Big -O notation: ignore scalars and small terms, 
assume worst case

Algorithm Runtime/Big-O notation 
Review



What is the big -O runtime of:
Dividing a number n by 10 until we get 1

Guessing an n - digit password

Big-O notation Practice

https://www.geeksforgeeks.org/



Object Oriented Programming

Classes allow us to encapsulate common data structures 
and actions so we don’t have to define them over and over 
again

Classes in Python represent the same idea as classes in Java

Example: say we have two classes: Point and Circle



Object Oriented Programming

Example: say we have two classes: Point and Circle

We can create a new instance of a class using the: 

dot = Circle(Point(x,y), r)

constructor



Object Oriented Programming

Example: say we have two classes: Point and Circle

We can create a new instance of a class using the: 

We can access the instance’s data using

dot = Circle(Point(x,y), r)

constructor

r = dot.get_radius()

methods



Object Oriented Programming

Example: say we have two classes: Point and Circle

We can create a new instance of a class using the: 

We can access the instance’s data using

We can use/modify class instances using methods 

dot = Circle(Point(x,y), r)

constructor

r = dot.get_radius()

methods

dot.move(dx,dy)



Motivation for classes: LOLs

List-of-lists let us keep track of things that 
should be “together”, but they get cumbersome 
to modify:

Type of pie

Number of slices



Motivation for classes: encapsulation and 
abstraction 
Neither encapsulated (data for one student is 
spread over multiple objects), nor abstract



Motivation for classes: encapsulation and 
abstraction Neither encapsulated (data for one student is 
spread over multiple objects), nor abstract

Encapsulated (student is represented as one thing, 
a list), but not abstract



Motivation for classes: encapsulation and 
abstraction Neither encapsulated (data for one student is 
spread over multiple objects), nor abstract

Encapsulated (student is represented as one thing, 
a list), but not abstract

Both abstract and encapsulated

Should be:

get_name()

get_year()



Interface (how you interact with something) is consistent 
even if the internal details change.

1) If you change the engine in your car, you still drive it 
the same way – don’t need to know how the engine 
works.

2) In online shopping you have a “Cart”, which is an 
abstract concept and is roughly the same across sites. 
Probably represented as a list underneath but user 
doesn’t need to know.

Advantages of 
encapsulation/abstraction



“Pie” class example



“Pie” class example

better to use: f“{self.flavor} pie has {self.slices} left!”



“Pie” class example



TwitterUser class



Handout 1 – part two
Find and work with a partner



Recap Die class
Defining the Constructor: builds an instance of the 
class (self), and initializes all instance variables 
(self.xxx)



Recap Die class
Defining the Constructor: builds an instance of the 
class (self), and initializes all instance variables 
(self.xxx)

Using the Constructor: assign the new object to a 
variable, making the “self” placeholder a concrete 
instance



Defining Methods: always use “self” as the first 
argument (placeholder for the instance). Getters are a 
type of method that return instance variables or their 
derivatives.

Recap Die class



Defining Methods: always use “self” as the first 
argument (placeholder for the instance). Getters are a 
type of method that return instance variables or their 
derivatives.

Using Methods: instance.method(…), don’t use self

Recap Die class



Defining the __str__ method: no print(..) statements! 
Build and return a single string. (no arguments besides 
self)

Recap Die class



Defining the __str__ method: no print(..) statements! 
Build and return a single string. (no arguments besides 
self)

Using the __str__ method: simply call print(instance)!

Recap Die class



Example of reading in 
data

colleges.txt



File reading demo



File reading demo



File reading demo



Numpy
Numerical Python

Designed for fast computation on arrays

Implemented in C underneath

pip3 install numpy  (on the terminal) OR

    python3 –m pip install numpy



A B

np.concatenate((A,B), axis=0)

A

B

np.concatenate((A,B), axis=1)

A B

a
x
is

=
0

axis=1

must match along axis 1

must match 

along axis 0

Numpy concatenation



A
C

np.concatenate((A,C), axis=0)

A

np.concatenate((A,C), axis=1)

A

a
x
is

=
0

axis=1

must match along axis 1

Error: must 

match along 

axis 0!
C

C

Numpy concatenation



Numpy concatenation 

example



TODO
Reading: MML Chap 1

Read over HW 1

Sign up for Piazza & Gradescope
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