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Announcements & Logistics

NO HW due on Monday
Lab 4 Grades released later today
Lab 6 assignment page posted later today
There is a pre-lab question
Gradescope submission form will not be created until Monday

Relies heavily on new data type discussed today: dictionary

Do You Have Any Questions?



Last [Ime: Files and Plotting

- Data science-y things:

 File reading: Files are persistent data, usable between sessions and
applications!

« Comma-Separated Value Files (CSV) are a common format for data
- (Gave a template for plotting with matplotlib

»+ matplotlib is a plotting API that we will use in Lab

» you should be able to pattern match from the examples, but please
feel free 1o refer to any documentation that would be helpful.

- Note: Googling 1s OK for matplotlib-related questions
(not OK for the computational thinking parts of the lab---that
s where the computer science comes into play)



loday

» Discuss a new data structure: dictionary

- "Unordered” and mutable collection, just like sets

» Dictionaries are one of the most widely use ways to organize our data

in "real world" applications

» For many problems, dictionaries are often the most efficient (l.e., fast)
and most natural way to represent the relationships among data
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Dictionaries
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Sequences vs Unordered Collections

+ Sequence: a group of items that come one after the other (there Is an
implicit ordering of items)

» Sequences types in Python? strings, lists, ranges

* Unordered Collection: a group of things bundled together for a reason
but without a specific ordering

* For some use cases, It Is better to store an unordered collection

- Maintaining order between items Is not always necessary

- Ordering items comes at a cost Iin terms of efficiency!

* Python has two data structures which are unordered:

* Dictionaries and sets: both of them are mutable

- We will discuss dictionaries today



L anguage Dictionaries

- What does an English dictionary store!




Python Dictionaries

- A Python dictionary is a mutable collection that maps keys to values

Enclosed with curly brackets, and contains comma-separated items

Fach item in the dictionary is a colon-separated key-value pair

- There is no ordering among the keys of a dictionary!

# sample dictionary
zip_codes = {'01267': 'Williamstown', '60606': 'Chicago’,
'48202"': 'Detroit', '97210': 'Portland'}

key value key value

- Keys must be an immutable type such as ints, strings, or tuples ’
* Keys of a dictionary must also be unique: no duplicates allowed!

» Values can be any Python type (ints, strings, lists, tuples, etc.)

» Values do not need to be unique



Accessing [tems in a Dictionary

Dictionaries are unordered so we cannot access them by index: no notion of
first or second rtem, etc.

+ We instead lookup values in a dictionary using the corresponding Keys as
the subscript in [] notation

It the key exists, its corresponding value Is returned

If the key is missing, the lookup produces a KeyError

>>> zlp_codes = {"01267": "Williamstown", "60606": "Chicago",
"48202" : "Detroit", "97210": "Portland"}

>>> # what US city has this zip code?
>>> z1p_codes["60606" ]

"Chicago’ —— . value associated with key '60606'

key value

>>> # what US city has this zip code?

>>> z1p_codes["48202" ]

'Detroit’ | |
value associated with key ‘48202



Adding a Key-Value Pair

Dictionaries are mutable, so we can add, remove, and update rtems

* lo add a new key-value pair, we can simply assign the key to the value
usingg dict_name[key] = value

>>> z1lp_codes["11777"] "Port Jefferson"
>>> z1lp_codes

{'01267"': 'Williamstown', Adds new key, value pair
'60606"': 'Chicago', '11777": 'Port Jefferson'
'48202": 'Detroit’,

'97210': 'Portland’,
'11777': '"Port Jefferson'}

It the key already exists, an assignment operation as above will overwrite its
value and associate the key with the new value



Adding a Key,Value Pair

* Dictionaries are mutable, so we can add, remove, and update items

* lo add a new key-value pair, we can simply assign the key to the value
usingg dict_name[key] = value

>>> z1lp_codes["11777"] "Port Jefferson"
>>> z1lp_codes

{'01267":
'600006 " :
'48202" :
'97210"' :
'11777" :

L

"Williamstown', Adds new key, value pair
'"Chicago', '11777"': 'Port Jefferson’
Detroit’,
Portland’,

Port Jefferson'}

>>> z1p_codes["01267"] "Billsville"
>>> z1lp_codes

{'01267":

‘Billsville', '60006': 'Chicago', '48202':

'Detroit', '97210': 'Portland', '11777': 'Port Jefferson'}



O

herations on Dictionaries

- Just like sequences, we can use the len() function on dictionaries to find
out the number of keys it contains

» To check if a key exists in a dictionary, we can use the 1N operator

>>> z1p_codes

{'01267"': '"Williamstown',
'60006': "Chicago',
'48202": 'Detroit’,

>>> "90210" 1n zip_codes
False
>>> "01267" 1n zilp_codes
True

'97210" : 'Portland’,

'11777': 'Port Jefferson }

>>> len(zip_
5

>>>

Should always check if a key exists before

codes) accessing its value in a dictionary

"Williamstown" 1n zip_codes

False

1N only checks the keys, not values!



Creating Dictionaries

- Direct assignment: provide key, value pairs delimrted with { }
- Start with empty dict and add key, value pairs
Empty dictis 1} or dict()

- Apply the built-in function dict () to a list of paired items

# direct assignment

scrabble _score ={'a':1, 'b':3, 'c':3, 'd':2, 'e':1,
'f':4, 'g':2, 'h':4, 'i':1, 'j':8,
‘k':5, 'tL':1, 'm':3, 'n':1, 'o':1,
'‘p':3, 'q':10,'r':1, 's':1, 't':1,
'u':1, 'v':8, 'w':4, 'x':8, 'y':4, 'z': 10}

Note: keys may be listed in any
order; since dictionaries are
unordered



Creating Dictionaries

- Direct assignment: provide key, value pairs delimrted with { }

- Start with empty dict and add key, value pairs
- Empty dictis {} or dict()
- Apply the built-in function dict () to a list of paired items

# accumulate in a dictionary

verse = "let it be, let it be, let it be, let it be,there will be an answer, let it be"
counts = {} # empty dictionary
for line in split(verse, ','"):
if line not in counts:
counts[line] = 1 # initialize count
else:

counts[line] += 1 # update count
print(counts)

>>> counts
{'let 1t be': 5, "there will be an answer': 1}

# use dict() function

Note: keys may be
>>> diCt([[lalp 5]; [Ibli 7]; [ICI; 1@]]) Iistediﬂarzyordyer
{'a': 5, 'b': 7, 'c': 10}




Example:
Frequency
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Example: frequency

- One common use of a dictionary Is to store frequencies.

- Let's write a function Trequency () that takes as input a list of
strings Wword_1st and returns a dictionary freq_dict with the

unique strings in Word_Lst as keys, and their number of occurrences
(ints) in word_1lst as values

+ For example ifword_1Llst is:

['hello', 'world', 'hello', 'earth', 'hello',
'earth']

the function should return a dictionary with the following items:

{'hello': 3, 'world': 1, 'earth': 2}



Example: frequency

- Let's write a function Trequency () that takes as input a list of
strings word_Lst and returns a dictionary freq_dict with the
unique strings in word_Lst as keys, and their number of occurrences
(ints) in word_1lst as values

* How can we do this!?



Example: frequency

- Let's write a function Trequency () that takes as input a list of
strings WO rd__Lst and returns a dictionary freq_dict with the
unique strings in word_Lst as keys, and their number of occurrences
(ints) in word_1lst as values

« Pseudocode:

« # for each word 1n our word_lst:

« # 1T the word 1sn't already 1n our
freq_dict, then add with count of 1

* # otherwise, update the count
* # return freq_dict when done



Fxample: frequency

- Let's write a function Trequency () that takes as input a list of
strings WO rd__Lst and returns a dictionary freq_dict with the
unique strings in word_Lst as keys, and their number of occurrences
(ints) in word_1lst as values

def frequency(word_1st):
"G1iven a list of words, returns a dictionary
of word frequencies'"""
freq_dict = {} # initialize accumulator as empty dict
for word in word_ lst:
if word not in freqg_dict:
freq_dict[word] = 1 # add key with count 1
else:
freq_dict[word] += 1 # update count
return freg_dict



Example:
Data Analysis w Dictionaries of
Dictionaries
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Exercise: Python code

You are a talent scout for an English football club (soccer team).
The club has a good defense, but a weak offense. So, you've been
tasked with identifying a star striker to help score more goals!

As a | 34 alum, you decide to employ a data-driven search process.
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What we're aiming to produce

Top scorers of 2018-19

30

We will plot bar charts
showing the most
frequent goal scorers
IN various years, and
use them to determine
who to try and recruit
to our team

25 A

Goals

Sadio Mané
Mohamed Salah
Sergio Aguero
Jamie Vardy
Eden Hazard
Callum Wilson
Raul Jiménez
Glenn Murray
Paul Pogba
Richarlison
Gylfi Sigurdsson

Alexandre Lacazette
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ing-in Data from a File to Dict

- First, let's take a look at our data, seasons2018-2022.csv

B

2018 Pierre-Emeri
2018 Sadio Manv(
2018 Mohamed S:
2018 Sergio AgVvee
2018 Jamie Vardy
2018 Eden Hazard
2018 Callum Wilsc
2018 Rav[l Jimv®
2018 Alexandre La
2018 Glenn Murra
2018 Paul Pogba

2018 Richarlison

2018 Gylfi Sigurds
2019 Jamie Vardy
2019 Pierre-Emeri
2019 Danny Ings

2019 Mohamed S:
2019 Sadio Manv(
2019 Anthony Mar
2019 Marcus Rash
2019 Sergio AgVv2e
2019 Tammy Abra
2019 Gabriel Jesu:
2019 Chris Wood

2019 Dominic Calv
2019 Kevin De Bru

-

22
22
22
21
18
16
14
13
13
13
13
13
13
23
22
22
19
18
17
17
16
15
14
14
13
13

D

692
1
1
771
416

553

E

13
34
25
21
19
12
41
42
51
80
54
32
33
20
14
36
17
46
28
21

9
17
27
34
57
26

n a spreadsheet viewer, it looks like the screenshot on the left

However, we'll be reading-in the data with python, so it will look more
ke the text on the right:

2018,Pierre—Emerick Aubameyang,22,692,13
2018,Sadio Mané,22,1,34

2018 ,Mohamed Salah,22,1,25

2018, Sergio Agquero,21,771,21

2018,Jamie Vardy,18,416,19

2018 ,Eden Hazard,16,1,12

2018,Callum Wilson,14,440,41

2018,Raul Jiménez,13,1,42

2018, Alexandre Lacazette,13,771,51
2018,Glenn Murray,13,6006,80

season,name,goals,passes,fouls



Reading-in Data from a File to Dict

* Need to write a function that reads in this file and creates a data
structure for plotting

» For each season, want a table mapping names to goals scored.

» Outer dictionary, season_tab Le: maps season as keys (ints) to an
inner dictionary (as values) that maps player names as keys (strings)

to goals as values (ints). e i A A ., .‘
. A dictionary of dictionaries| |  Pierre-Enerick Aubameyang 22
Sadio Mané 22
Mohamed Salah 22
2618 Gylfi Sigurdsson 13
Erling Haaland 36
Harry Kane 30
: Ivan Toney 20
2022 Bukayo Saka 14

» .
G .
...................................................................................................................................



Reading-in Data from a File to Dict

- Iterate over lines, after we've parsed them...

» dictionary stuff!

def read file(filename):
with open(filename) as in_file:

# 1iterate over each line of the file
for line in in_file:
# remove extra newline at end
line = strip(line)
line_list = split(line, ',")
# "unpack" the list
season = int(line_1list[0])

name = line_list[1] season,name,goals,passes,fouls

goals = int(line_list[2]) . _

passes = line_ list[3] 2018,Pierre—-Emerick Aubameyang,22,692,13
fouls = line list[4] 2018,Sadio Mané,22,1,34

2018,Mohamed Salah,22,1,25
2018,Sergio Aguero,21,771,21

2018, Jamie Vardy,18,416,19

2018, Eden Hazard,16,1,12

2018, Callum Wilson,14,440,41
2018,Raul Jiménez,13,1,42
2018,Alexandre Lacazette,13,771,51
2018,Glenn Murray,13,606,80



Reading-in Data from a File to Dict

def read file(filename):
with open(filename) as in_file:

# make a new empty dictionary (accumulation variable)

season_table = dict()

# 1iterate over each line of the file

for line in in_file:
line_list = split(strip(line), ',")
# "unpack" the list
season = int(line_list[0])
name = line_Tlist[1]
nnAale = int(1ine 1ictI21)
# 1f season in table, grab it, otherwise use empty dict
name_table = dict()
if season in season_table:

name_table = season_table[season]

# we could check to see if name 1is in name_table,
# but we know each name only appears once per season
name_table[name] = goals # add name —> goals inner dictionary

# add name_table back to season_table
season_table[season] = name_table

return season_table



Reading-in Data from a File to Dict

- Iterate over lines, after we've parsed them...
» dictionary stuff!

- Can call the function, double-check output seems reasonable:

>>> season_table = read_file("seasonStats/seasons2018-2022.csv")
>>> print(len(season_table[2018]))
13



Splitting Values into X &Y lists

selected_season = 2018 # season we'll produce list for
top_scorers2018 = []
num_goals2018 = []
if selected season in season_table: # check it exists
name_table = season _table[selected season]
for name in name_table:
top_scorers2018 += [name]
num_goals2018 += [name_table[name]]

>>> print(len(top_scorers2018), ':', top_scorers2018)
>>> print(len(num_goals2018), ':', num_goals2018)

13 : ['Pierre-Emerick Aubameyang', 'Sadio Mané', 'Mohamed Salah', 'Sergio
Agliero', 'Jamie Vardy', 'Eden Hazard', 'Callum Wilson', 'Raul Jiménez',
'‘Alexandre Lacazette', 'Glenn Murray', 'Paul Pogba', 'Richarlison', 'Gylfi
Sigurdsson']

13 : [22, 22, 22, 21, 18, 16, 14, 13, 13, 13, 13, 13, 13]



Plotting

- Now, we plot!

import matplotlib.pyplot as plt
# the x axis values are just num of names to provide even spacing for each bar
x_values = list(range(len(top_scorers2018)))

# the y axis values are determined by the number of goals scored
y_values = num_goals2018

# Create a new fiqure:
plt.figure()

# Make 1t a bar chart
plt.bar(x_values, y_values)

# Set x tick labels from names

# rotate by 90 so labels are vertical and do not overlap
plt.xticks(x_values, top_scorers2018, rotation=90)

# Set title and label axes

plt.title("Top scorers of 2018-19")

plt.xlabel("Name")

plt.ylabel("Goals")

# specify y axis range

plt.ylim( [0, 30])

# Show our chart:
plt.show()



import matplotlib.pyplot as plt
# the x axis values are just num of names to provide even spacing for each bar
x_values = list(range(len(top_scorers2018)))

# the y axis values are determined by the number of goals scored
y_values = num_goals2018

# Create a new fiqure:
plt.figure()

# Make it a bar chart
plt.bar(x_values, y values)

# Set x tick labels from names

# rotate by 90 so labels are vertical and do not overlap
plt.xticks(x_values, top_scorers2018, rotation=90)

# Set title and label axes

plt.title("Top scorers of 2018-19")

plt.xlabel("Name")

plt.ylabel("Goals")

# specify y axis range

plt.ylim([0, 30])

# Show our chart:
plt.show()



import matplotlib.pyplot as plt

# the x axis values are just num of names to provide even spacing for each bar
x_values = list(range(len(top_scorers2018)))

# the y axis values are determine

Top scorers of 2018-19

y_values = num_goals2018 30
# Create a new fiqure: o5 -
plt.figure()

# Make it a bar chart
plt.bar(x_values, y_values) 20 -
# Set x tick labels from names 2

# rotate by 90 so labels are vert g ]

plt.xticks(x_values, top_scorers2
# Set title and label axes 10 -
plt.title("Top scorers of 2018-19
plt.xlabel("Name")

plt.ylabel("Goals") 57
# specify y axis range

plt.ylim([0, 30])

# Show our chart:
plt.show()

Pierre-Emerick Aubameyang

Sadio Mané

Mohamed Salah

Sergio Aguero

Jamie Vardy

Eden Hazard

Callum Wilson

Name

Raul Jiménez

Alexandre Lacazette

Glenn Murray

Paul Pogba

Richarlison
Gylfi Sigurdsson
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Sets to Find Best Players Across Seasons

scorers_table = dict()
# look at each season
for season in season_table:
# grab 1its name_table
name_table = season_table[season]
# pull ony the names
scorer_1lst = []
for name in name_table:
scorer_lst += [name]

# could check to see 1f this season already
# exists, but going to assume (for now) it doesn't.
scorers_table[season] = scorer_1lst

>>> print(len(scorers_table))
5

>>> scorers_table[2019]
['Jamie Vardy', 'Pierre-Emerick Aubameyang', 'Danny Ings', 'Mohamed Salah',
'Sadio Mané', 'Anthony Martial', 'Marcus Rashford',

'Sergio Aguero', 'Tammy Abraham', 'Gabriel Jesus', 'Chris Wood', 'Domlnlq
Calvert-Lewin', 'Kevin De Bruyne', 'Richa sjag dictionaries lets us index by the keys!



Sets to Find Best Players Across Seasons

« We can make similar visualizations for other seasons

- ..but let's try and find a player who's consistent across the seasons

sets and & (intersection) operator!

>>> # now use set logic to see who consistent top scorers are
>>> all_seasons = set(scorers_table[2018]) & set(scorers_table[2019]) &

set(scorers_table[2020]) & set(scorers_table[2021]) &
set(scorers_table[2022])

>>> gll _seasons

{'Mohamed Salah'}

What If we can't get the players who are in t
all seasons! VWhat might be some runner-u

ne top list for

D options!



Sets to Find Best Players Across Seasons

- What If we can't get the players who are in the top list for all seasons!
What might be some runner-up options?

>>> early_seasons = set(scorers_table[2018]) &
set(scorers_table[2019]) & set(scorers_table[2020])

>>> mid_seasons = set(scorers_table[2019]) & set(scorers_table[2020])
& set(scorers_table[2021])

>>> late_seasons = set(scorers_table[2021]) &
set(scorers_table[2022])

>>> early_seasons | mid_seasons | late_seasons

{'Harry Kane', 'Jamie Vardy', 'Mohamed Salah'}

And that i1s our list of top recruits!
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Lab 6 Overview

Using data obtained from the US Social Security Administration about
the popularity of names assigned to babies at birth, do some simple
data analysis to determine:

- The changing popularity of names over time

* The changing popularity of the first initial of names over time

* In doing so, you will gain experience with the following:

- Reading data from CSVs

- Using dictionaries (and dictionaries of dictionaries)

» Plotting different kinds of graphs with matplotlib



Dictionaries of Dictionaries

S o Value
- Quter year dictionary maps integer T ey Valie™,
(4 ) P - Mary »7092
years to “Inner’ name dictionaries B iens 2616 |
_ _ Emma *2013 |
1f 1880 not in year_table: Key / |
. Zachariah S ol
year_table[1880] = dict() 1880 s e
: Key Value
_ ' Mary »6948 |
name_table = year_table[1880] _— S 2714 |
o . . § Emma »2043
* Inner dictionaries map string names -
: : wright .
to integer frequencies oo SR
if "Mary"™ 1n name_table: o 3 OHLa .17737'
\i Emma »15447 |
name_table["Mary"] += frequency | charlotte »13298 |
else: zyn 18

-~ -
........................................

name_table['"Mary"] = frequency



HINts

Pay close attention to data types required for keys and values in
dictionaries

KeyError when running runtests.py?
Check the type of year:an 1nt or something else?

Remember to check that a key Is In a dictionary before accessing it!

Test your code early & often!
Use print(..) to investigate data structures as needed

Be creative and have fun!



