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V is for …

• Viral Video
• Husky Dog sings with iPAD – 18 million views
• https://www.youtube.com/watch?v=Mk4bmK-acEM

• Virtual Memory
• It is and is not there!

• Virtual Reality
• Augmenting IRL

• http://bit.ly/vr-playlist
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The Power of Collaboration: 
Ge Wang, Duke Prof. at Stanford

• Dukee 2000:: Musicc andd Computerr Science
• https://www.stanforddaily.com/2016/03/09/qa-with-ge-wang-

father-of-stanford-laptop-orchestra/

• http://www.youtube.com/watch?v=ADEHmkL3HBg

• Aboutt Designn inn Compsci 308

4/7/22 Compsci 101, Spring 2022 3

Our investment into a huge and 
meticulous design process was a huge 
factor in making later progress.  35000+ 
lines of code / design / documentation 
gave us a project we were all very 
happy and proud to be a part of.

Announcements
• APT-77 duee TODAY!
• APT-88 out,, duee Thursday,, Aprr 14
• Assignn 66 Recommender,, duee Aprr 19

• One grace day, NO LATE DAYS, must be in Apr 20

• APTT Quizz 22 – 11:30amm todayy thruu Sunday,, Aprill 10
• Two Parts, Start on Sakai
• Rules were sent to you, must be your own work!

• Examm 44 – Tues,, Aprill 12,, inn person
• See study materials on calendar page on 4/12 date
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PFTD

• Collaborationn andd Creativity

• The power of working together with code

• Revieww moduless andd exceptions

• Concepts used in Lab 11, leveraging creativity

• Howw dictionariess aree soo fast

• Examm review
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Why use modules?
• Modulee – Pythonn filee (.py file)

• Cann havee severall moduless workk together

• Easierr too organizee code

• Easierr too reusee code

• Easierr too changee code

• As long as the “what” is the same, the “how” 
can change

• Ex: sorted(…), one function many sorting algorithms
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In laterLab, Modules for Creating
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• “MadLibs”” Tag-a-Story

• User chooses template

• Computer fills everything in

In lecture I saw a <color> <noun>
For lunch I had a <adjective> <food>
The day ended with seeing a <animal> 
<verb> in <place>

From <noun> to story

In lecture I saw a 
<color> <noun>
For lunch I had a 
<adjective> <food>
The day ended with 
seeing a <animal> 
<verb> in <place>

In lecture I saw a 
magenta house
For lunch I had a 
luminous hummus
The day ended with 
seeing a cow sleep 
in Mombasa
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This Photo by Unknown 
Author is licensed under CC 
BY-NC-ND

This Photo by Unknown Author is 
licensed under CC BY-NC-ND This Photo by Unknown Author is 

licensed under CC BY-SA



Demo

• Run storyline.py

• Show Haiku’s

• Show Lecture template

• Make modifications
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Let's create/modify a story

• Choose a template or make a new one

• We'll choose lecturetemplate.txt first

• Add a new category/replacement

• We'll choose number and list some choices

• Run the program and test our modifications

• Randomized, hard to test, but doable
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Main Parts for tag-a-story

• Put everything together, the template and words

• Storyline.py

• Loading and handling user choosing templates

• TemplateChooser.py

• Loading and picking the word for a given tag

• Replacements.py
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Main Parts for tag-a-story

• Put everything together, the template and words

• Storyline.py

• Loading and handling user choosing templates

• TemplateChooser.py

• Loading and picking the word for a given tag

• Replacements.py
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Creating a story

• Mainn stepss inn Storyline.py

• Get template – use module TemplateChooser

• Go through template
• Get words for a tag – use module Replacements

• Replace tag with word

• Usingg modules

• Assume they work

• Only care what they do, not how (abstraction!)
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Modules in Action: 
makeStory() is in Storyline.py

• Howw cann wee accesss TemplateChooser functions?

• import and access as shown
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Modules in Action:
linesToStory() is in Storyline.py

• Wee calll doWord()) – doess replacementss forr words
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Understanding Code/Module
doWord is in Storyline.py

• Whatt doess getReplacement do?? 

• How does getReplacement do it?
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Main Parts for tag-a-story

• Put everything together, the template and words

• Storyline.py

• Loading and handling user choosing templates

• TemplateChooser.py

• Loading and picking the word for a given tag

• Replacements.py

4/7/22 Compsci 101, Spring 2022 22

Another module TemplateChooser.py

• Get template
• TemplateChooser.getTemplateLines(DIR)
• What:

• From the templates in the directory DIR (type: str)
• Return a list of strings, where each element is a line 

from one of the templates in DIR

• Word for a tag
• Replacements.getReplacement(TAG)
• What:

• Return a random word that matches TAG (type: str)
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Where is it called from?

• In module Storyline.py, function makestory

• Where templates is a folder with three templates:

4/7/22 Compsci 101, Spring 2022 24

TemplateChooser.py Steps

• List all templates in the folder

• Get user input that chooses one

• Load that template

• Return as list of strings
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TemplateChooser.py Steps

• Listt alll templatess inn thee folder

• pathlib Library

• Gett userr inputt thatt choosess one

• Handle bad input try…except

• Loadd thatt template

• Open file, .readlines()

• Returnn ass listt off strings
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These Steps in Code
getTemplateLines in TemplateChooser.py

• Readd directoryy off templates,, convertt too dictionary

• Let user choose one, open and return it
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Creating User Menu
dirToDictionary in TemplateChooser.py
• Whatt doess thiss functionn return?? Whatt type?
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Creating User Menu
dirToDictionary in TemplateChooser.py
• Whatt doess thiss functionn return?? Whatt type?
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d is:
0 -> haiku.txt
1 ->  labtemplate.txt
2 -> lecturetemplate.txt



Folder in Pycharm
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Output:

pathlib Library

• Path:: 
“rodger/Pycharm/cps101/lab11/temp/haiku.txt”

• Thee pathlib libraryy iss moree recent/Python3

• Simpler, easier to use than functions from os

• Handless domainn specifics!

• Doesn’t matter if on Windows, Mac, etc.

• We worry about the what, it handles the how
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pathlib Library cont.

• Path:: 
“rodger/Pycharm/cps101/lab11/temp/haiku.txt”

• pathlib.Path(DIR).iterdir()
• Returns iterable of Path objects representing each 

“thing” in the directory DIR

• Pathh object’ss .partss – tuplee off strings,, eachh elementt iss aa 
piecee off aa filename’ss path
• (‘rodger’, ‘Pycharm’, ‘cps101’,’lab11’, 
‘temp’, ‘haiku.txt’)
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Understanding the Unknown
chooseOne in TemplateChooser.py

• Wee willl returnn too this,, butt analyzee partss now

• What's familiar? What's not familiar …
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Python exceptions

• Whatt shouldd youu doo iff youu promptt userr forr aa 
numberr andd theyy enterr "one"

• Test to see if it has digits?

• Usee exceptionss withh try: andd except:
• See code in function chooseOne from 

TemplateChooser.py
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Handling Exceptions

• Whatt happens:: x = int("123abc")
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WOTO-1 Modules
http://bit.ly/101s22-0407-1 
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How do Dictionaries work so fast?

• Howw aree theyy implemented?

4/7/22 Compsci 101, Spring 2022 37



Simple Example
Want a mapping of Soc Sec Num to Names

• Duke’s CS Student Union wants to be able to quickly 
find out info about its members. Also add, delete and 
update members. Doesn't need members sorted. 

267-89-5431   John Smith 

703-25-6141   Ademola Olayinka

319-86-2115   Betty Harris 

476-82-55120   Rose Black 

• Dictionary d – SSN to names

• d[‘267-89-5431’] = ‘John Smith’

• How does it find ‘John Smith’ so fast?
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Dictionary d(SSN) = (SSN, name)

• We actually would map the SSN to the tuple of 
(SSN, name). 

• That is a lot to display on a slide, so we will just 
show SSN to name

• But remember name is really a tuple of 
(SSN,name)
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Simple Example
Let’s look under the hood. 

How are dictionaries implemented?
• Dictionaries implemented with a list, in a clever way
• How do we put something into the list fast? 
• How do we find it in the list quickly?

• d[‘267-89-5431’] =  ‘John Smith’  
• List size is 11 – from 0 to 10
• d[‘267-89-5431’] calculates index location in list of 

where to put this tuple (SSN,name)
• Use a function to calculate where to store ‘John Smith

• H(ssn) = (last 2 digits of ssn) mod 11 
• Called a Hash function
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Have a list of size 11 from 0 to 10
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7

0

4

2

5

10

• Insert these into the list
• Insert as (key, value) tuple

(267-89-5431, John Smith)
(in example, only showing name)

H(267-89-5431) = 31 %11 = 9  
John Smith 

HH(703-25-6141) = 41%11 =   8
Jack Adams  

H(319-86-2115 )= 15 %11 = 4
Betty Harris 

H(476-82-5120) = 20%11 = 9  
Rose Black 

1

3

6

8
9
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When does this work well? 
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0

4

2

5

10

• Whenn theree aree feww 
collisions

• Youu havee too deall withh 
collisions

• Usee aa listt largee enoughh too 
spreadd outt yourr data

John Smith
Ademola Olayinka

Betty Harris

Rose Black

1

3

6

8
9

4/7/22

Another way: Use a list of lists
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0

4

2

5

10

• Insertt thesee intoo thee list
• Insertt ass (key,, value)) tuple

(267-89-5431,, Johnn Smith)
(inn example,, onlyy showingg name)

H(267-89-5431)) == 311 %111 == 99  
Johnn Smithh 

H(703-25-6141)) == 41%111 ==   8
Ademolaa Olayinka

H(319-86-21155 )== 155 %111 == 4
Bettyy Harriss 

H(476-82-5120)) == 20%111 == 99  
Rosee Blackk John Smith

Ademola 
Olayinka

Betty Harris

Rose Black

1

3

6

8
9
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Betty HarrisB

Ademola
OlayinkaO

ohn SmithJo
Rose BlackR

WOTO-2 How Dictionaries Work
http://bit.ly/101s22-0407-2 
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Review for Exam 4
Problem 4 Fall 2014 Old Tests

• AA programmingg contestt betweenn collegess 

• Theree aree problemss too solvee eachh hass aa letter:: 
Problemm AA throughh Problemm J

• Submitt aa programm forr aa problemm – itt iss correctt orr not

• Submitt itt againn iff itt iss nott correct.. 

• Scoree iss totall timee forr problemss solvedd withh 200 minutee 
penaltyy forr eachh wrongg submissionn thatt wass solvedd 
eventually!

• Winnerr iss solvess mostt problemss – Tiee breakerr (lowestt 
score
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Review for Exam 4
Problem 4 Fall 2014 Old Tests

• Eachh entryy is:: 1)) school,, 2)) namee off problem,, 3)) 
timee too solvee inn minutes,, 4)) correctt orr not

• Examples:
['UNC',, 'A',, '20',, 'reject’]
UNCC submittedd problemm AA inn 200 minutess - rejected

['Duke',, 'A',, '26',, 'correct’]
Dukee submittedd Problemm AA inn 266 minutess - correct
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Problem 4 Fall 2014 Old tests
Just look at Duke’s submissions

[…

['Duke',, 'A',, '26',, 'correct’],, 

['Duke',, 'E',, '82',, 'reject’],

['Duke',, 'D',, '200',, 'correct’],,  

['Duke',, 'E',, '210',, 'correct'],, 

4/7/22 Compsci 101, Spring 2022 51

Dukee score:: 

26

nott correct,, noo points

pluss  2000 == 226

pluss 2100 ++ 200 (penalty))  == 
456

Dukee hass 4566 points

Problem 4 Fall 2014 Old tests
data is list of lists of submissions

dataa == [[ 
['UNC',, 'A',, '20',, 'reject’],, 
['Duke',, 'A',, '26',, 'correct’],
['UNC',, 'A',, '33',, 'reject’],, 
['ECU',, 'A',, '34',, 'correct’],
['Elon',, 'A',, '34',, 'correct’],, 
['USC',, 'G',, '44',, 'reject’],
['UNC',, 'A',, '45',, 'correct’],
['NCSU',, 'B',, '60',, 'reject’],
['USC',, 'C',, '72',, 'reject’],, 
['Duke',, 'E',, '82',, 'reject’],
['USC',, 'C',, '90',, 'correct’],
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['UNC',, 'B',, '98',, 'reject’],, 

['NCSU',, 'B',, '103’,'correct’],, 

['NCSU',, 'A',, '115',, 'correct’],

['USC',, 'A',, '116',, 'correct’],, 

['ECU',, 'F',, '202',, 'reject'],, 
['Duke',, 'D',, '200',, 'correct'],, 
['Duke',, 'E',, '210',, 'correct'],, 
['UNC',, 'B',, '212',, 'reject'],, 
['USC',, 'G',, '220',, 'reject'],, 
['NCSU',, 'D',, '222',, 'correct’],, 

['Elon',, 'H',, '225',, 'correct'],, 
['NCSU',, 'H',, '230',, 'reject’]] ]

Write function listOfSchools(data)

• rreturnss sortedd uniquee listt off schoolss thatt submittedd 
aa programm whetherr correctt orr nott 

• Fromm dataa shouldd return:

[’Duke’, ’ECU’, ’Elon’, ’NCSU’, ’UNC’, ’USC’]. 

Note: sorted
Unique schools (use sets) 
Returns list (must convert set back to list)
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Write function listOfSchools(data)
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def listOfSchools(data): 
setSchools = set([ ]) 
for item in data:

setSchools.add(item[0]) 
alist = list(setSchools) 
return sorted(alist)

Problem 4 Fall 2014 Old tests
data is list of lists of submissions

dataa == [[ 
['UNC',, 'A',, '20',, 'reject’],, 
['Duke',, 'A',, '26',, 'correct’],
['UNC',, 'A',, '33',, 'reject’],, 
['ECU',, 'A',, '34',, 'correct’],
['Elon',, 'A',, '34',, 'correct’],, 
['USC',, 'G',, '44',, 'reject’],
['UNC',, 'A',, '45',, 'correct’],
['NCSU',, 'B',, '60',, 'reject’],
['USC',, 'C',, '72',, 'reject’],, 
['Duke',, 'E',, '82',, 'reject’],
['USC',, 'C',, '90',, 'correct’],
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['UNC',, 'B',, '98',, 'reject’],, 

['NCSU',, 'B',, '103’,'correct’],, 

['NCSU',, 'A',, '115',, 'correct’],

['USC',, 'A',, '116',, 'correct’],, 

['ECU',, 'F',, '202',, 'reject'],, 
['Duke',, 'D',, '200',, 'correct'],, 
['Duke',, 'E',, '210',, 'correct'],, 
['UNC',, 'B',, '212',, 'reject'],, 
['USC',, 'G',, '220',, 'reject'],, 
['NCSU',, 'D',, '222',, 'correct’],, 

['Elon',, 'H',, '225',, 'correct'],, 
['NCSU',, 'H',, '230',, 'reject’]] ]

Write function problemsAttempted(data)

• Returnss listt off problemss attempted
• Would return list:

• [’A’, ’C’, ’B’, ’E’, ’D’,’G’, ’F’, ’H’]
• Note doesn’t say anything about the order but 

implies one of each. 

• Need to loop over the lists in data
• Collect the names of problems attempted
• Get the unique ones
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Write function problemsAttempted(data)
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def problemsAttempted(data):
problems = set([]) 
for item in data: 

problems.add(item[1]) 
return list(problems)

problems = set([]) for item in data: problems.add(item[1]) return list(problems)



Problem 4 Fall 2014 Old tests
data is list of lists of submissions

dataa == [[ 
['UNC',, 'A',, '20',, 'reject’],, 
['Duke',, 'A',, '26',, 'correct’],
['UNC',, 'A',, '33',, 'reject’],, 
['ECU',, 'A',, '34',, 'correct’],
['Elon',, 'A',, '34',, 'correct’],, 
['USC',, 'G',, '44',, 'reject’],
['UNC',, 'A',, '45',, 'correct’],
['NCSU',, 'B',, '60',, 'reject’],
['USC',, 'C',, '72',, 'reject’],, 
['Duke',, 'E',, '82',, 'reject’],
['USC',, 'C',, '90',, 'correct’],
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['UNC',, 'B',, '98',, 'reject’],, 

['NCSU',, 'B',, '103’,'correct’],, 

['NCSU',, 'A',, '115',, 'correct’],

['USC',, 'A',, '116',, 'correct’],, 

['ECU',, 'F',, '202',, 'reject'],, 
['Duke',, 'D',, '200',, 'correct'],, 
['Duke',, 'E',, '210',, 'correct'],, 
['UNC',, 'B',, '212',, 'reject'],, 
['USC',, 'G',, '220',, 'reject'],, 
['NCSU',, 'D',, '222',, 'correct’],, 

['Elon',, 'H',, '225',, 'correct'],, 
['NCSU',, 'H',, '230',, 'reject’]] ]

Write function 
problemsNotAttempted(problems, data)

• problemss iss aa listt off alll possiblee problems

• [’A’, ’B’, ‘C’, ‘D’, ‘E’, ‘F’, ‘G’, ‘H’, ‘I’, ’J’]

• Returns a list of the problems not attempted

• Wee knoww howw too gett alll thee problemss attempted!

• Call problemsAttempted!

• Putt bothh listss inn setss andd sett operation!
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Write function 
problemsNotAttempted(problems, data)
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def problemsNotAttempted(problems, data):
attempted = problemsAttempted(data) 
setProbs = set(problems) 
setAttempted = set(attempted) 
setNotAttempted = setProbs - setAttempted) 
return list(setNotAttempted)

Problem 4 Fall 2014 Old tests
data is list of lists of submissions

dataa == [[ 
['UNC',, 'A',, '20',, 'reject’],, 
['Duke',, 'A',, '26',, 'correct’],
['UNC',, 'A',, '33',, 'reject’],, 
['ECU',, 'A',, '34',, 'correct’],
['Elon',, 'A',, '34',, 'correct’],, 
['USC',, 'G',, '44',, 'reject’],
['UNC',, 'A',, '45',, 'correct’],
['NCSU',, 'B',, '60',, 'reject’],
['USC',, 'C',, '72',, 'reject’],, 
['Duke',, 'E',, '82',, 'reject’],
['USC',, 'C',, '90',, 'correct’],
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['UNC',, 'B',, '98',, 'reject’],, 

['NCSU',, 'B',, '103’,'correct’],, 

['NCSU',, 'A',, '115',, 'correct’],

['USC',, 'A',, '116',, 'correct’],, 

['ECU',, 'F',, '202',, 'reject'],, 
['Duke',, 'D',, '200',, 'correct'],, 
['Duke',, 'E',, '210',, 'correct'],, 
['UNC',, 'B',, '212',, 'reject'],, 
['USC',, 'G',, '220',, 'reject'],, 
['NCSU',, 'D',, '222',, 'correct’],, 

['Elon',, 'H',, '225',, 'correct'],, 
['NCSU',, 'H',, '230',, 'reject’]] ]



Write function 
dictProblemstoSchoolsSolved(data)

• Returnss aa dictionaryy off letterss forr problemss 
mappedd too listt off schoolss thatt solvedd thatt problemm 

• ‘B’ mapped to [‘NCSU’]
• ‘A’ mapped to 

[‘Duke’, ‘ECU’, ‘Elon’, ‘UNC’, ‘NCSU’, ‘USC’]
• ‘D’ mapped to [‘Duke’, ‘NCSU’]
• Etc

• Each letter - create a list and append schools to 
it
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Write function 
dictProblemstoSchoolsSolved(data)
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def dictProblemsToSchoolsSolved(data): 
d = {} 
for item in data: 

if item[3] == 'correct’: 
if item[1] in d: # already in 

d[item[1]].append(item[0]) 
else: # not in yet, 

add d[item[1]] = [item[0]] 
return d 

Problem 4 Fall 2014 Old tests
data is list of lists of submissions

dataa == [[ 
['UNC',, 'A',, '20',, 'reject’],, 
['Duke',, 'A',, '26',, 'correct’],
['UNC',, 'A',, '33',, 'reject’],, 
['ECU',, 'A',, '34',, 'correct’],
['Elon',, 'A',, '34',, 'correct’],, 
['USC',, 'G',, '44',, 'reject’],
['UNC',, 'A',, '45',, 'correct’],
['NCSU',, 'B',, '60',, 'reject’],
['USC',, 'C',, '72',, 'reject’],, 
['Duke',, 'E',, '82',, 'reject’],
['USC',, 'C',, '90',, 'correct’],
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['UNC',, 'B',, '98',, 'reject’],, 

['NCSU',, 'B',, '103’,'correct’],, 

['NCSU',, 'A',, '115',, 'correct’],

['USC',, 'A',, '116',, 'correct’],, 

['ECU',, 'F',, '202',, 'reject'],, 
['Duke',, 'D',, '200',, 'correct'],, 
['Duke',, 'E',, '210',, 'correct'],, 
['UNC',, 'B',, '212',, 'reject'],, 
['USC',, 'G',, '220',, 'reject'],, 
['NCSU',, 'D',, '222',, 'correct’],, 

['Elon',, 'H',, '225',, 'correct'],, 
['NCSU',, 'H',, '230',, 'reject’]] ]

Write function 
dictSchoolsToNumSubmissions(data)

• Returnss aa dictionaryy off schoolss mappedd too thee 
numberr off submissionss theyy hadd (rejectedd orr 
correct)

• ‘Duke’ mapped to 4
• ‘UNC’ mapped to 5
• Etc

• Counting dictionary!
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Write function 
dictSchoolsToNumSubmissions(data)
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def dictSchoolsToNumSubmissions(data): 
d = {} 
for item in data: 

if item[0] in d: 
d[item[0]] += 1 

else: 
d[item[0]] = 1 

return d

WOTO-3 Solving problems
http://bit.ly/101s22-0407-3 
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