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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

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

(fal)\ BRYN MAWR
\\.// COLLEGE



What is Data Science?

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

- Jeannette
Wing

Extracting

 Emphasizes action on data
* Mining information

\(0”) COLLEGE




Math + Computer Science + Domain Knowledge

Machine

Computer. ™™ Math and

Science/IT Statistics
Data

Science

Software [raditional
Development Research

Domains/Business
Knowledge

\\.V)) COLLEGE




Data Science Venn Diagram v2.0

Data Science

Computer Machine
Seience Learning




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

(%l BRYN MAWR
") COLLEGE



There will be math!

(@18 BRYN MAWR
) COLLEGE

THIS 1S YOUR MACHINE LEARNING SYSTETM?

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN COLLECT
THE ANSLJERS ON THE OTHER SIDE.

WHAT IF THE ANSWERS ARE WJRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT




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

17\ BRYN MAWR

\.0")) COLLEGE




Learning from data: classification

« Email filtering (spam vs. not-spam)

From: cheapsales@buystufffromme.com From: Alfred Ng

To: ang@cs.stanford.edu To: angfcs.stanford.edu

Subject: Buy now! Subject: Christmas dates?

Deal of the week! Buy now! Hey Andrew,

Rolex w4tchs - $100 Was talking to Mom about plans
Medlcine (any kind) - $50 for Xmas. When do you get off
Also low cost MOrgages work. Meet Dec 227

available. Alf

\ BRYN MAWR
COLLEGE




Learning from data: classification

 Tumor detection (benign vs. malignant)

,. / 40 ., BRYN MAWR “On Breast Cancer Detection: An Application of Machine
\.U%/) COLLEGE Learning Algorithms on the Wisconsin Diagnostic
pN U Dataset”



Learning from data: classification

 Tumor detection (benign vs. malignant)

« Handwriting recognition BESE.  e=20061301
(digits in a check) B nind Dol 4l —— 55 oo

Victoria Main Branch

‘
Ea 1425 James St., P.O. Box 4001

Victoria (B.C.) VBX 3X4 |
ewo Donahon e el e

2L 0000GmLE3e Lg3ml GEm7ar

(%l BRYN MAWR
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Learning from data: regression

Regression: House Price Prediction Polynomial Regression: Non-Linear Price Prediction

$600,0001 @ Actual Houses $180.00 A
= Regression Line (Predicted Price)
$550,000 -
. $170.00 A
¥ $500,000 1 —
O )
Q o
o L2
g $450.0007 £ $160.00 -
Q X
3 3
i $400,000 - b
$150.00 1
$350,000
® Historical Price Points
$300,000 - Polynomial Regression (Degree 3)
. . : : : : : : : $140.00 1 @ Day 35 Prediction
1000 1250 1500 1750 2000 2250 2500 2750 3000

House Size (sq ft) 0 5 10 15 20 25 30 35
Time (Days)

5.0\ BRYN MAWR
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Statistical Tests

Do smokers weigh the same as non-smokers?

(%l BRYN MAWR
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Statistical Tests

Do smokers weigh the same as non-smokers?

Null Hypothesis (H,): the average weight does not differ

HU: Mean Wgt smokers = Mean Wgt Non-smokers

Alternative Hypothesis (H,): the average weights differ

HA: Mean Wgt- Smokers, /Mean Wgt- Non-smokers

(ala\ BRYN MAWR
\.0") COLLEGE



Data Visualization

A mean reconstruction error: 0.92358
0.10 -
0.05 A ° ® @
YA
o~ %
S 0004 o 0‘#.\ & .
b= 2 pop
g .‘d., e GBR
o ® FIN
8 —0.05 - .... ® e YR
° @ TSI
®
—0.10 -
—0.15 -
@
e
-0.15 —0t10 —0j05 O.bO 0.65

Coordinate 1

\.{*)) COLLEGE

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



Clustering Data

Traffic events

Traffic accidents

Robberies and microtrafic

Common crime

Violence against women

Lost bullets and burns

Clitizen action

against crime Sexual abuse

Displacements and disappearances

Medical negligence Victim stories

Health problems in children

Violence against children

(|%5Y E(IDKLY E%'“él &ch!t(lon in Colombian security Twitter news using fine-grained latent topic

analysis”, Vargas-Calderon et al (2019)




Learning from data: networks

Information networks:
N\ BRY .. ......Web & citations

YV i.
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Natural Language Examples

 Text Classification

» Language Modeling

» Speech Recognition

« Caption Generation

* Machine Translation
 Document Summarization
* Question Answering

» Text Generation

Machine reading comprehension

Q: What was the theme?
A: “one world, one dream”.

Q: What was the length of the race?
A: 137,000 km

Q: Was it larger than previous ones?
A: No

Q: Where did the race begin?
A: Olympia, Greece

Q: Is there anything notable about that place?
A: birthplace of Olympic Games

Q: Where did they go after?
A: Athens

Q: How many days was the race?
A: seven

Q: Did they visit any notable landmarks?
A: Panathinaiko Stadium

Q: And did they climb any mountains?
A..

Target answers: unknown or yes
Model answer: Everest



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/

Modern Machine Learning examples

AlphaGo: moves humans never thought of

Vidue network b Trow evaATIOon from vitue net c Tree evakation from rolouts
9-0-8-9-9-8-9-5-2-

.....................................................

Self-driving cars are in our present and futur ‘2(9;0 AlphaGo

510\ BRYN MAWR
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Modern Machine Learning examples

Edges to Photo

» Algorithms that learn
how to create

BW to Color

input output

(ala\ BRYN MAWR
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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

i Soocreon .
4.5 years of GAN progress on face
generation. arxiv.org/abs/1406.2661
arxiv.org/abs/1511.06434
arxiv.org/abs/1606.07536

arxiv.org/abs/1710.10196
arxiv.org/abs/1812.04948

2014

4:40 PM - 14 Jan 2019

Egmégw\% models have also been used to create synthetic genomic data to maintain privacy




Generative Models

Style transfer
with GANs

(7)) BRYN MAWR Stable Diffusion [l S===—

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

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

Plazza:
Course communication
Ask & Answer Questions
Can post anonymously

(e BRYN MAWR
\.0")) COLLEGE




Course Meetings: 10:10 - 11130 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

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

(lala\ BRYN MAWR
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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

lll grade on: Wednesday, before Midterms, and Final

HWO1 — available, due Tuesday 09/08



Al Policy

None

Grades in this class are largely based on in-person quizzes and exams, thus improper collaboration or Al use is not of serious conern. However, my goal is not to catch you at exam
times, but to encourage you to establish good learning habits before that.

You are encouraged to discuss the lecture material, worksheets, handouts and problem sets with other students. Study groups are highly recommended and very productive by all
previous student reports. However, the only “product” of your discussion should be your memory/understanding - you should write up solutions individually. You may not exchange
written work or computer files.

You are permitted to use Al-tools or the internet in general, to clarify concepts, to get guidance on assignments, as long as you do so in a responsible manner. The bottom line is you
should not use ANY tool to replace your own thinking or analysis. Beware however, that it is easy to underestimate the effort it takes. Understanding a solution given is very far away
from being able to come up with one yourself. This is the real danger in using Al-tools as “learning tools”. Beware of the shortcuts you are taking.

Code should not be copied without permission from the author. If permission is given, code should be cited at the location it is used with a comment. If your solution is inspired by
any outside resources (| understand that sometimes it is hard to not see things), you MUST cite.

(adapted from Dianna Xu)



Rubric

Participation 10%
Homework 10%
Midterms 25% (10 + 15)
Final 55%

2 Midterms — dates on website



Participation

During class:

Discussion
Asking questions

Asynchronous
Active on Pizza



Assignment Logistics

Distribution
Pilazza

Gradescope



brynmawr.edu




Adam Poliak

apoliak@brynmawr.edu

5th year at BMC
Taught 5 DS/ML courses
Research:
Natural Language Processing

Data Science applied to text
data

Worked as data scientist in industry

117} BRYN MAWR
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mailto:apoliak@brynmawr.edu

My job is to help you
succeed!






Python demo

Input
Random
Plotting
Numpy
dictionaries

/ale)y BRYN MAWR
\\¥"Y/ COLLEGE




Handout | — Part |
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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!



Python style

“Snake-case” not “camel-case”
lrearSearech
linear_search

1y n

Alphabetize imports and don't use
fromAumpy-Hmpert=

import numpy as np



Python style examples

Ask the user for their name and welcome them to CS21.
Author: Sara Mathieson
Date: 9/7/18

def main():

name = input("Enter your name: ")
print("Hello", name, "!")

main()

def factorial(n):

Given a non-negative integer n, return n! = nx(n-1)%(n-2)....3%2x1.

fact = 1
for i in range(n):

fact = fact x (i+1)
return fact




Structure of main and “helper” functions

Main (driver)

Helper Helper
Function Function
L Helper 3
Function
2




Structure of main and “helper” functions




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



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) lterate on your design until you have a working main and stubbed out
functions. Then start implementing the functions, starting from the

“bottomup”.



Reasons to use 1DD

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!
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Algorithm Runtime/Big-O notation
Review

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



Big-O notation Practice

What is the big-O runtime of:

Dividing a number n by 10 until we get 1
Guessing an n-digit password

. 0(2")
9

4 o |2
0 )
o o(n) o
: 5
: o(log n) | O
4

o(1) o(1) Jz

Input Data Size



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) Q

constructor



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) Q

We can access the instance’s data using methods

constructor

r = dot.get radius()



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) Q

We can access the instance’s data using methods

constructor

r = dot.get radius()

We can use/modify class instances using methods

dot.move(dx,dy) Q @




Motivation for classes: LOLs

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

Number of slices
Type of pie \[

AN

>>> pie_1lst = [["apple",8], ["cherry",8], ["chocolate",8]]
>>>

>>> pie_1st[2][1] = 1

>>>

>>> pie_lst

[['apple', 8], ['cherry', 8], ['chocolate', 711




Motivation for classes: encapsulation and
abstraction

Neither encapsulated (data for one student is
spread over multiple objects), nor abstract

name_lst = ["Kendre", "Rohan", "Ayaka", "Maleyah"]
year_1lst = [2020, 2021, 2020, 2021]

name = name_lst[0]
year = year_lst[0]




Motivation for classes: encapsulation and

ngﬁwé}céhggpsulated (data for one student is

spread over multiple objects), nor abstract

name_lst = ["Kendre", "Rohan", "Ayaka", "Maleyah"]
year_1lst = [2020, 2021, 2020, 2021]

name = name_lst[0]
year = year_lst[0]

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

= ["Kendre", 2020, ["cs35","actl","relg43","spanl"]]
kendre[0]

kendre[1]




Motivation for classes: encapsulation and

ngﬁwé}céhggpsulated (data for one student is

spread over multiple objects), nor abstract

name_lst = ["Kendre", "Rohan", "Ayaka", "Maleyah"]
year_1lst = [2020, 2021, 2020, 2021]

name = name_lst[0]
year = year_lst[0]

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

kendre = ["Kendre", 2020, ["cs35","actl","relg43","spanl"]]

name = kendre[0]
year = kendre[1]

Both abstract and encapsulated

RIS kendre = Student(*Kendre", 2020)
get_name() ELERSILCIEIERCEEIEI)
get year() BNEEISRGIEEACEIN)




Advantages of
encapsulation/abstraction

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.



“Pie” class example

class Pie: # class names should be capitalized

# must use init for the constructor
def init  (self, flavor):

def

def

"""Constructor for the Pie class.”""

# in the constructor, define the data (i.e. self.data)
# data are called: attributes or instance variables
self.flavor = flavor

self.slices = 8

get_slices(self):
"""Return the number of slices left (int)."""
return self.slices

get_flavor(self):
"""Return the flavor of the pie (str)."""
return self.flavor




“Pie” class example

def serve(self):

""UTf there is at least one slice left, reduce the number of slices."""

if self.slices > 0:
print("Here is a slice of %s pie!" % self.flavor)
self.slices =1

else:
print("Sorry, there is no more %s pie!" % self.flavor)

def __str__ (self):
"""Return a string representation of a pie."""
s = "%s pie has %i slices left!" % (self.flavor, self.slices)

return s \

\

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




“Pie” class example

def main(

)t
piel = Pie("apple")
print(piel)
for i in range(12):
piel.serve()
print(piel.get_slices())
print(piel.get_flavor())
print(piel)
pie2 = Pie("pumpkin")
print(pie2)
pie2.serve()
print(pie2)

apple pie has 8

Here
Here
Here
Here
Here
Here
Here
Here
Sorry
Sorry
Sorry
Sorry
9
apple

is
is
is
is
is
is
is
is
r

r

r

’

d

) I o) B «) B o) B <) I o)

d

slice
slice
slice
slice
slice
slice
slice
slice

there 1is
there 1is
there 1is
there 1is

apple pie has 0
pumpkin pie has
Here 1s a slice
pumpkin pie has

slices left!
of apple pie!
of apple pie!
of apple pie!
of apple pie!
of apple pie!
of apple pie!
of apple pie!
of apple pie!
no more apple pie!
no more apple pie!
no more apple pie!
no more apple pie!

slices left!

8 slices left!
of pumpkin pie!
7 slices left!




TwitterUser class

class TwitterUser: # only time camel case is okay!

# constructor

def

def

def

def

__init__(self, name, curr_following, curr_followers):
self.name = name

self.following = curr_following

self.followers = curr_followers

add_follower(self): # always have to use self!

self.followers += 1

# TODO we could make this better by creating a list of followers who
# are themselves instances of TwitterUser

follow(self):
self.following += 1

__str__(self):

# must return a string, not print a string!

return "name: %s\nnum following: %i\nnum followers: %i" % (self.name, \
self.following, self.followers)




Handout I - 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)

class Die:

def __init__ (self, num_sides):

"""Construct a new die with the given number of sides.™""
.sides = num_sides
.value = 1




Recap Die class

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

class Die:

def __init__ (self, num_sides):

"""Construct a new die with the given number of sides.™""
.sides = num_sides
.value = 1

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

def main():

diel = Die(8)
die2 = Die(8)




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.

def getValue(self):
"iGetter for the die's current value."""

return .value

def roll(self):
"""Choose a new random value for the die, i.e. roll it."""

.value = random.randrange(1, .sides+1)




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.

def getValue(self):
"iGetter for the die's current value."""
return .value

def roll(self):
"""Choose a new random value for the die, i.e. roll it."""
.value = random.randrange(1, .sides+1)

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

same = False

while not same:
diel.roll()
die2.roll()
print(diel)
print(die2)
print()

same = (diel.getValue() == die2.getValue())



Recap Die class

Defining the __ str _method: no print(..) statements!
Build and return a single string. (no arguments besides

self)

def __str__ (self):
"""String representation of the die (with current value)."""

return "%d-sided die, current value: %d" % ( .sides, .value)



Recap Die class

Defining the __ str _method: no print(..) statements!
Build and return a single string. (no arguments besides

self)

def __str__ (self):
"""String representation of the die (with current value)."""

return "%d-sided die, current value: %d" % ( .sides, .value)

Using the __str _method: simply call print(instance)!

print(diel)
print(die2)




c_file = open("colleges.txt", 'r')

enroll_1lst = []

for line in c_file:

tokens = line.split() Amherst 1792
Bates 1792
‘Bowdoin 1806
name = tokens[0] BrynMawr 1709
enroll = int(tokens[1]) 'Colby 1815
enroll_1st.append(enroll) COHGQGS-tXtDaVidson 1950

Haverford 1290

c_file.close() ‘Middlebury 2526
Pomona 1663
'Reed 1411
: i Smith 2600
Example of reading in 2iiwore 1620
Vassar 2450
data Wellesley 2474

‘Williams 2099



File reading demo

import csv
import numpy as np

fb_file = open("data/facebook_users.csv", 'r')
for line in fb_file:

tokens = line.split(",")

year = int(tokens[0])

num_users = int(tokens[1])

print(year, num_users)
fb_file.close()




File reading demo

import csv
import numpy as np

# 1) read line by line
fb_file = open("data/facebook_users.csv", 'r') # 'r' for read mode
for line in fb_file:
tokens = line.split(",") # split on comma
year = int(tokens[0])
num_users = int(tokens[1])
print(year, num_users)
fb_file.close()

# 2) csv reader
with open("data/facebook_users.csv", 'r') as fb_file:
csv_reader = csv.reader(fb_file)
for line in csv_reader:
print(line)




File reading demo

import csv
import numpy as np

# 1) read line by line
fb_file = open("data/facebook_users.csv", 'r') # 'r' for read mode
for line in fb_file:
tokens = line.split(",") # split on comma
year = int(tokens[@])
num_users = int(tokens[1])
print(year, num_users)
fb_file.close()

# 2) csv reader
with open("data/facebook_users.csv", 'r') as fb_file:
csv_reader = csv.reader(fb_file)
for line in csv_reader:
print(line)

# 3) load into numpy array
data = np.loadtxt("data/facebook_users.csv", dtype=int, delimiter=",")

print(data)




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



Numpy concatenation

np.concatenate((A,B), axis=0) np.concatenate((A,B), axis=1)
axis=1
T A B must match
72 .
% along axis 0
©

B

must match along axis 1



Numpy concatenation

np.concatenate((A,C), axis=0) np.concatenate((A,C), axis=1)

axis=1

T Error: must

(7))

-c% match along
axis 0!

must match along axis 1



Numpy concatenation
example >>> a_arr -

array([[3, 4,
a = [[3,4,21,07,8,91,[2,1,01] E; 2' Z%i)
b =1[[04,9,7]1,[3,0,11,[3,8,41] Pt
>>> b_arr
a_arr = np.array(a) array([Eg, Z' Z%'
b_arr = np.array(b) [3: 8: 4]3)
>>> many_rows = np.concatenate((a_arr,b_arr), axis=0)
>>>
>>> many_TYows .
array([[3, 4, 2], >>> many_rows.shape
[7, 8, 91, (6, 3)
[2, 1, @], >>> many_cols.shape
[4, 9, 71, (3, 6)
[3, 0, 11,
[3, 8, 411)

>>> many_cols = np.concatenate((a_arr,b_arr), axis=1)

>>>

>>> many_cols

array([[3, 4, 2, 4, 9,
[7, 8, 9, 3, 0,
[2, 1, o, 3, 8,
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TODO

Reading: MML Chap 1
Read over HW 1

Sign up for Piazza & Gradescope
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