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Throuﬁhou‘r rny junior year of h'\\c)h school, | have selk studied
advanced Pﬁjﬁ‘o“ problems for MIT students £rom the MT
openCourseware 6,0001 Problem set, ) have found that writing
notes has been very beneficial to uno\ers’rano\'\nﬁ the eroblem
and learning skils. Because of this, | was inspired fo take a
different approach and incorporate rny note-taking stye with
problem explanations and organizing it into & book. | hope to
create an educational and "\n’reres’r'mﬁ book to explain ?&ﬁhon
problems,

This book i simply My own notes and explanations of
these ’P3+hon problems. | wanted fo share rny
inferpretation and 'P\j’rhon coo\'\nﬁ Jjourney with all of You.
Please keep in mind that there are rnany ditferent Ways
to code a problem,

\n addition to these notes, | have created video
explanations for each problem in the ’Ptj’rhon Series on
rny YouTube channel, Har&j‘s S’ruo\a \)oumea.



Chapter 1



- O@
Whatis Pythono

FPE)‘H\O(\ is & popular Programm\nﬁ Ianﬁuaﬁe that is used
to create a var‘\e‘r3 of different programs and often used
to build websites and software, automate tasks and

conduct data analas'\s.

with 'P\j’rhon, You can do:

Data analysis and machine learning
web development

Automation or scripting

Software ’resﬂnﬁ or Pro’ro’ra‘o\nﬁ
Evergo\a\j tasks

we all start somewhere and this is ry surmary of
everv’rh\nﬁ You need to know as a beﬁ'\r\ner coder in 'Ptj’rhon.



1.1Integers, Floats and Strings

Infegers: numbers without decimal points.

-indicated with int()

~E You want to chanﬁe the foat to an infeger; use the int() function.
Floats: numbers with decimal points.

-indicated with Qoat()

\ntCx): conversion of s’rr\ng or foat x to an ‘\n’reﬁer
Qoat(x): conversion of sfr'\nﬁ or \n’reﬁer x to foat

n ’Ptj‘rhon, it is Important to difkerentiate between foats and infegers.
This is because ’Ptj‘rhon represents foats as powers of 2 so rnany
decimal numbers can not be exactly represented,

For examele, i€ You had a loop ao\o\'\nﬂ od+od+od, it wont be equal to
0.3, but rather 0.3000000000004 When You are us'\nﬁ simple elements,
always fry to use infegers fo avoid this type of problem.

Ex i€ You want to do integer division of 5 and # You should cast
one or both of the integers fo & Qoat bekore do’\nﬁ the division,
foat(z)/5 or 3/Qoatc5). Remember that ?\j’rhon evaluates inner
expressions first so foat(3/5) wouldn't produce the wanted result.

2 n =input("Enter a number")
n = int(n)
annual_salary = float(input("Enter your annual salary: ")

TR G B N )

ExamPIQr Float: 6.2 —> \m“eﬁer: 6
intC6.2) = 6



S’rr'\nﬁs * 3 e

A sfring is & sequence of characters g, Singe and douie

enclosed within either singe quotes quotes can be used

('Y or double quotes (¢ Y S’rr\njs are nferchangeably to define

s‘rr\njs, but You should

one of the fundamental data Jfﬂ("es g e our

Python and are used fo represent usage within & parficular
text. O. code base.

EXémPIQ:
single_quoted_string = 'Hello, World!'

double_quoted_string = "Python Programming"

SJrr'\nss 0 ”Paﬂ\on are immutable, which means once a sh"\nﬁ is
created, you cannot moo\’\?tj its contents, However, You can perform

various operations on s’rr'\nas, such as concatenation, sl\c\nﬁ, and

@orma‘rﬂnﬁ.
Concatenation Sl\C\ﬂj
my_string = "Python"
str1 = "Hello" print(my_string[1:4]) # Slices from index 1 to 3, prints 'yth'
- i - print(my_string[:3]) # Slices from the beginning to index 2, prints 'Pyt'
str2 = "World print(my_string[2:]) # Slices from index 2 to the end, prints 'thon'
result = str1 +" " + str2 print(my_string[::2]) # Slices with a step of 2, prints 'Pto’'

print(result) #results in "Hello World"
Slic'\nj is the operation of ex&racﬂnﬁ a portion of the

Concatenation combines two or sequence. it is done using the colon operator. The syntax
more strings or sequences into & is "startstopstep’. 'Start' is the index of the firet
singe sfring or sequence. elerment to include, 'stop" is the index of the first

element You want to exalude, and ‘step' is the step sie

\ndex\n between elements. € any is omitted, it defaults to the
3 beginning the end, and a step size of 4.

my_string = "Python"

print(my_string[0]) # Accesses the first character, prints 'P'
print(my_string[1]) # Accesses the second character, prints 'y’
print(my_string[-1]) # Accesses the last character, prints 'n'
Iprint(my_string[-2]) # Accesses the second-to-last character, prints 'o'

\r»o\ex\ns refers to accessing individual elements in @ sequence In ”Ptj’rhor\, 'xno\ex\nﬁ starts at o



w. o

#*  Working with sh“\nﬁs e

>>> my_string = " Hello World! "

>>> print(my_string.strip())

Hello World!

>>> print(my_string.lower())
hello world!

>>> print(my_string.upper())

HELLO WORLD!

>>> print(my_string.replace("Hello", "Hi"))
Hi World!

* T—‘ormaﬁ'mﬁ s’rr\r\ﬁs :#’*

>>> name = "Alice"

>>> age = 30

>>> print("My name is %s and I am %d years old." %(name, age))

My name is Alice and I am 30 years old.

>>> print("My name is {} and I am {} years old.".format(name,age))
My name is Alice and I am 30 years old.

>>> print(f"My name is {name} and I am {age} years old.")

My name is Alice and I am 30 years old.

You can format and strings using different methods, such a the "%" operator.



1.2 Mathematical Operations

Opera’ror Name ExamPle

+  Pddifon
- Subiraction

\n+egers
* Hu'ﬂ(‘bhcaﬂon or product_result = *
Floats
/ Division result = 5 / It is 2.5, not 2
XX Exponential result = 2 **
/ / Floor division Qlwags result = 5 //
Returns the largest inteqer less
than or equal +§ the d\vi\or\ result \nfegers

% Modulus

Returns the remainder. of the result

remainder = 7 %

H'\xed—ijPe Operations: You Per%rm operations with both
infegers, and foats, ’Pgrhon wil generally promote the result to a
Qoat to avoid Ios\nﬂ precision.

In this operation, 'P\jrhon handies the mixed types and returns
the most general ‘rgpe involved in for operation (generaly a

foat any operant is & Qoab), & You want to explicity
convert the result to an integer or Qoat, You can use ot or
"Aoat()" functions



You can convert between ‘\nJreﬁers and foats us\nﬁ the int®) and

Loat() functions, as shown in section 44,

python

int_result = int( )
float_result = float(5)

\nequal\’rtj s\gns Name s EXéMPle

Less than

L
reater than
:7 Q
<= Less than or equal to  EXNEEIES

Greater than or equal to



1.3 For, While, and Nested Loops

Looping repeating somQ’rh\ng over and over until & particular condition
is satisfied.

Loop in ?\j’rhon: control flow statement Qaﬁ is used fo re(aea’reo\la
execute & group of statements as long as the condition is satistied.
There are 3 types of loops:

Tor IooPS

In general, use for loops when You know the number of iterations You
need to do. For example, 'd You need Yoo trials, one operation per
character in a sfring or an action on every element in & fist, \& You can
describe the eroblem You are trying to sohe in terms of each or every
element in an iteration, use a loop. This wil decrease the risk of wrifing
an infinite loop and hele erevent errors.

Exa le:
s 2 foriin range(400): Prints
print('hello’) hello' Yoo
times
while loops

e You want & certain condition to be satisfied, use the whik loop.
These are useful when You can determine the number of iterations in
terms of a Boolean variable. Use while loops You are wa\ﬁr\3 for a
user to enter an input correcﬂtj or for a rano\omltj Senera’reo\ value to
exceed a certain amount. € you can use "unti to describe the probler,

use ‘while loops.

Boolean variable: variable that have 2 values (true or false)



num = float(raw_input("Enter a positive number: "))
3 while num <= 0.0:
num = float(raw_input("Enter a POSITIVE number: "))

EXGMPler

Loop until the user enters a positive number

To exit out of loops as soon as you £ind your answer, use "break
at-the end of the loop. This heles You improve the average-case
Per€ormance of your code.

2 my_list=[1,2,3,4,5,6,7,8]

greater_than_five = False

for elem in my_list:
if elem > 5:
greater_than_five = True
break

w

EX&MPIQ:

»

o o,

~

pNested Loops

A nested loop i & loop inside another loop. This means You have one loop
(the inner loop) runn'\r\ﬂ roulticle fimes inside  another loop Couter loop).

i in range(1l, 6):

Jj range(l, 6):

print(i * j, end=

print() # Mo h

\ \ .
The code above results in a multiplication The range function

table of numbers 4 to Sl
Senerams numbers

1 2 3 Vi 5 Ue fo, but not

2 4 6 8 10 '\ncluo\‘\nﬁ the

3 6 9 12 15 ,

4 8 12 16 20 specified upper
5 10 15 20 25 bound.

>>>



1.4 11/Else Conditions

In Python, iK' and 'else" are used to create conditional statements
that allow your program to make decisions based on whether a gven

condition is true or false.,
if x > 5:
print("x is greater than 5")
else:
print("x is less than 5")

if my_function(): #my_function returns True or False
return True

else:
return False

\n the code abowe, it states that i€ the code shows mtj\?uncﬂon,
then return True, otherwise return False.

'y You want to return 'False" when "ms‘&‘unc’r'\or\“ is True and

"True" when "mv_?uncﬂon“ is False, you can code as shown below:

if my_function() == True
return False

else:
return True

In Python, the '==" operator is used for equality comparison. It checks
whether the values on the left and r\3h+ sides of the operator are
equal and returns a Boolean result: “True" i€ they are equa, and
‘False" i€ ‘rhea are- not.



C) S
1 9 Docstrings and comments

% o
'Dochrr'\nﬁs

A docs+r'\r\3 is & string literal that occurs as the first statement in a
module, function, class, or method definition. It is used to provide
documentation about the purpose of Your code, when mr\ﬂnﬁ new classes
and functions, it is important to document your intent btﬂ using o\ocs+r'\r\3.

These are indicated b3 3 double or s\nﬁle quotes before and after the

A III)

statements, ¢

Function: & block of def greet(name):

code which Onl\j T This function takes a name as an argument and

when it is caled prints a greeting message with the provided name.
Class: a code print("Hello, {name}")
‘rem(ala’re for Creaﬂ“ﬁ # Calling the function
ob\‘)ecfs greet("Alice")
Comments

Comments are the lines in the code that are Bnoreo\ bﬁ the interpreter
o\ur'\nﬁ the execution of the program. Comments enhance the reao\a\a’\l'\’rﬁ of
the code and heles programmers understand the code very care?ulltj

Corments are indicated with = signs before the text. As shown in
the code abowe, the programmer wrote “call'\nﬁ the function' as a
comment; '\no\‘\caﬂnﬁ what the code below's purpose ie.



1.6 Data Structures®

1 List | =

A list is @ mutable and ordered collection _
Hutable: lists can be

of elements, The\\.j can contain elements of - modified after
creation.

ordered: the elements
easy raniulation and access of the data i a et are stored in
. 33 hold. a specific order and

You can access them

different data ’rtj(aes and ’rhetj allow for

i ) by their index. The
Lists are defined by enclosing the e e

elerments within square brackets '] and e frst elment
separating them with commas,

my_list =[1, 2, 3, 4, 5]

usmﬁ st |

QCCQSS\(\S elements: first_element = my_list[0] # Access the first element (index 0)

Remember that the first value in the fist has a index of ol

SHC\(\S sub_list = my_list[1:4] # Get a sublist from index 1 to 3
gddmﬁ Elerments: my_list.append(6) # Add an element to the end of the list
\nserﬂnﬁ Elements: my_list.insert(2, 7) # Insert the value 7 at index 2

my_list.remove(3) # Remove the first occurrence of the value 3

?emov'\nﬁ Elements:

length = len(my_list) # Get the number of elements in the list

Lenﬁfh of list



¥ % Sets g

\n Pa’rhon, a set is an unordered collection of unique elements. \t
is defined by placing & comma-separated sequence of elements
inside curly braces 98" and duplicates are not allowed. The order
of elements in @ set is not 3uaran+eeo\, and sets are mutable,
rneaning You can add or remove elements from them.,

Ex my_set ={1, 2, 3, 4, 5}
print(my_set)

Sets are useful when You need an unordered collection of unique
elements: and wand to perform operations like check\nﬁ raembership,
infersections, unions, etc, below are some common Use cases for

et

set1 ={1, 2, 3,4, 5}
set2={3,4,5,6,7}

# Union

Unions sets contain of elements . Union_set = set1 | set2
s both "setd’ and "sets" print(union_set) # Output: {1, 2, 3,4, 5,6, 7}

# Intersection
) i intersection_set = set1 & set2

\ntersection sets contain onlﬂ the print(intersection_set) # Output: {3, 4, 5}
elements that are ‘common to
both "setf' and "setd” # Difference
difference_set = set1 - set2
Difference sets wil contain print(difference_set) # Output: {1, 2}
elements from "setf' that are not # Adding and Removing Elements
present in “seta’ my_set.add(6)

print(my_set) # Output: {1, 2, 3, 4, 5, 6}
You can add or remove my_set.remove(3)
elements of a set with the print(my_set) # Output: {1, 2, 4, 5, 6}

'add()" or "remove )" method.



( Tuples Yo

A tuple is an ordered and immutable collection of elements.
Tuples are used fo group +03e+her related data, and +he3 are
similar to fists in many ways, but with a key difference: once a
tuple is created, its elements cannot be modified, added, or
removed. Tuples are defined using parentheses ‘o'

Example: my_tuple = (1, "apple", 3.14)

In this example, “mtj:ruple“ contains three elements: an integer
(1), a string (' "apple” ) and a foating point number ('3.44)

K63 characteristics of tuples:

ordered: tuples maintain the order of elements, rneaning the
order in which elements are added tfo the tugle is preserved.
Immutable: once a tuple is created, You cannot moo\'\% its
elerments, You cannot add, remove, or chanﬁe the order of
elerments within a fuple.

He+er03eneous: tuples can contain elements of difterent data
types, alowing you fo create & collection of diverse values.
Access by index: elements in & fuple can be accessed using
their index(position) within the tuple. \ndex‘\r\3 starts at o



1.7 Defining Functions

0 'Pﬁ’rhon, a function is a reusable block of code that performs a seecific
task, Functions are defined using the "de£' keﬁworo\, Lollowed by the
function name, @ pair of parentheses containing optional parameters, and
a colon, The function boo\\j is indented, and it contains the code that gete
executed when the function is called.

Example: my_set ={1, 2, 3, 4, 5}
def add_numbers(x, y):
result=x+y
return result

‘add_numbers' is the name of the function.
x, \j)" are the parameters (input values) that the function accepts.

I\

The colon ™' indicates the beﬂ‘mn\nﬁ of the function bOdﬂ'
‘result = x + 3“ is the code inside the function that calculates the sum.

‘return result specifies the value that the function will output.

You can then call functions with s(aec'\@\c value s

sum_result = add_numbers(3, 5)
print(sum_result) # Output: 8

This is & basic function, but 'Pgﬂwon supports more advanced
features for functions, such as default parameter values, variable
|er\3+h argument lists, and the ability fo return multiple values using
tuples,



Chapter 2



2.1Getting Started

n the Qoﬂow'\r\s chapters, we wil be comPle‘r'\nﬁ the 6.0001 MIT
openCourselarse ?3+hon coo\'\nﬁ problems. In this chapter, we wil
beﬂ'\n with the first eroblem, or eroblem set one.

The first step in writing this program is to download the
instructions £rom the website, This can be found on the MT
openCourseware website and we will write the code in a
separate Pa’rhon text document,

In this eroblem, we. wil be using ?3’r‘non to solve the eroblem.
There wil be three sections to this problem where we use
coo\"\nﬁ to calculate how long it wil take for You to save Qnouﬁh
rmoney to make the down payment of a house given certain
variables, This is a real ke application, which shows we can use
coo\'\nﬁ in real life situations. A lot of times, it is much easier to
use coo\‘mﬁ to solve problems than it is i€ we had to calculate it
by hanad. Too\aa, we wil be going Jrhrou\c)h each problem and
learning how to code them.

Before we start; we are going to first understand where we
will write code and how it wil work. You can use a TexShoe
file and sawve it as a ’Ptj‘rhor\ Lie or You can use xcode, Both
will create ?3‘rhon fles that we can run. Name Your Qe psd
for problem set one, or whatever name You prefer, and we
will beﬁ'\n!



Save the downloaded instructions €ie and Jour 'Ptjﬂ\on file to the
same o\'\rec‘rora on your computer. | su3385+ You make a folder
dedicated to this geme. it wil be much easier to r\év\ﬂé‘l'e!

2 Terminal

A terminal is a text-based interface where You can inferact with
3 computer by typing cormands. It erovides a way to execute
commands. Navigate the file system, and perform various tasks
without using & 3raph\cal user interface.

This is where we wil be testing our code. To get here, You must
first download the terminal ape. when You are in the base lewvel of
the termingl, You can then enter difkerent fies on Your computer or
simply use \o\j’rhon to test codes.

>

This is what the terminal app should look like!

once you open the terminal ape, You should be in the base. To enter
the folder that your fles are i, Yyou tyee ‘cd" and then the name of
Your folder, To enter the fie, type "Pgrhons“ and then the name of
your £l with “.(aa“ at the end to indicate it is a Python L.



2.2 PartA - House Hunting

Before we begin, let's read the instructions and see what we are
gven. 1t tells us that we wil make the ?ollow'\nﬁ assumptions:

[ury

Call the cost of your dream home total_cost.

2. Call the portion of the cost needed for a down payment portion_down_payment. For
simplicity, assume that portion_down_payment = 0.25 (25%).

3. Call the amount that you have saved thus far current_savings. You start with a current
savings of $0.

4. Assume that you invest your current savings wisely, with an annual return of r (in other words,
at the end of each month, you receive an additional current_savings*r/12 funds to put into
your savings - the 12 is because r is an annual rate). Assume that your investments earn a
return of r = 0.04 (4%).

5. Assume your annual salary is annual_salary.

6. Assume you are going to dedicate a certain amount of your salary each month to saving for
the down payment. Call that portion_saved. This variable should be in decimal form (i.e. 0.1
for 10%).

7. At the end of each month, your savings will be increased by the return on your investment,

plus a percentage of your monthly salary (annual salary / 12).

we wil be wr‘\ﬂnﬁ 3 program to calculate how rany months it
will take to save up Qnouﬁh roney Lor a down Pa&jmen’r. Your
mMain variables should be foats, so Jou should cast user inputs
to foats. Your program should ask the user to enter the
?oﬂow'\nﬁ variables:

1) the s‘rarﬂnﬁ annual salar3 ¢ amualﬁsalary
2) the portion of the salary to ke saved ¢ Porﬂon‘saveo\)
3) the cost of your dream home (total_cost)

The instructions fell us that our variables should be inputs,
and tell us the name of the variables we should set it to. we
should clar’\% what the user is er\+er’\r\3 \aa label\nﬁ the input.



annual_salary = float(input("Enter your annual salary: "))
portion_saved = float(input("Enter the percent of your salary to save, as a decimal:" ))
total_cost = float(input("Enter the cost of your dream home:"))

After this, we should initialize some state variables, we wil decide
what information we need. Be careful about value of represent
annual amounts, and those that represent mon‘rhla amounts. \n the
beginning there were several assumptions made. we wil translate
this to code.

monthly_salary = (annual_salary)/12
monthly_saving = (monthly_salary)*(portion_saved)
current_savings = 0

portion_down_payment = (total_cost)*(0.25)
annual_return = 0.04

Now we will use what we know and write the code to éc’ruaIB
calculate how much we need to save to make a down ‘oa\jmen’r.

To. determine how rnany months we wil have to save upe for, we wil
test the number of months one by one starting {rom zero. When the
current Savings i Rss than amount for the down Paﬂment we wil
save for another month, Until our Savings are more than the amount
£or the down paYment, we wil continue incrementing the number of
monthe, But ficst, we have to determine the formula for our current

savlngs.



our current sav‘\nﬁs are what we have for our mor\’r‘nl\j Sav'\nﬁs
plus our current sav‘mﬁs mulﬂ‘ol'\eo\ ba one pElus our annual
return divided ba 12.

current_savings = (monthly_saving) + (current_savings)x(1 + annual_return/12)

To increment the number of months as we 90\ wil set the
number of months, or n for short, to zero before we beﬁ'\r\. Then,
while our current Savings is lRss than the down payment; we wil
update our current savinge and increment the number of months

b3 one.,

usmﬁ a while loop we can ensure that our loop wil end
once our current sav‘\nﬁs is more than the down Paﬁmemﬂ

n==o

while current_savings < portion_down_payment:
current_savings = (monthly_saving) + (current_savings)*(1 + annual_return/12)
n=n+1

Finally, we will print out our result which is the number of months,

result = n
print ("Number of months:", result)

The instructions gve us fest cases in which we can try out

to see ik our code works.



Below is the full code and an example of what our output should ook
like when we run it.

annual_salary = float(input("Enter your annual salary: "))
portion_saved = float(input("Enter the percent of your salary to save, as a decimal:" ))
total_cost = float(input("Enter the cost of your dream home:" ))

monthly_salary = (annual_salary)/12
monthly_saving = (monthly_salary)#*(portion_saved)
current_savings = @

portion_down_payment = (total_cost)*(0.25)
annual_return = 0.04

n=20

while current_savings < portion_down_payment:
current_savings = (monthly_saving) + (current_savings)*(1 + annual_return/12)
n=n+1

result = n
print("Number of months:", result)

Enter your annual salary: 120000

Enter the percent of your salary to save, as a decimal:.10
Enter the cost of your dream home:1000000

Number of months: 183



2.3 Part B - Saving, with a raise

I part B, we unrealistically assumed that our salary won't chanﬁe.
But we wil chanﬁe this b3 bu’ulo\'\nﬁ onto our solution to part A b3
?ac‘ror\nﬁ in a raise every six months, we will moo\'\?tj our code {rom
part A to include the ?ollow'\nﬂz

1) have the user input @ semi annual salary raise
semi_annual_raise (as a decimal percentage)

2) after the sixth month, increase Your salary bﬁj that
percentaqe. Do the same after the 42th month, the 4&th

month, and so on.

we wil write a program to calculate how rmany ronths it wil
take for you to save up enous‘n rnoney for & down payment,
Like before, we wil assume that the investments have a return
rate of o.o4 and the required down payment percentage is 0.25.
The user wil enter the ?ollow'\nﬁ variables:

1) the s+arﬂr\3 annual Salartj ¢ annual‘salarg)

2) the percentage of salary fo be saved (portion_saved)
3) the cost of Your dream home (total_cost)

Y) the semi annual salary raise (semi_annual_raise)

First, we wil receive the user input Just like we did in the
beginning of part A



annual_salary = float(input("Enter your annual salary: "))

portion_saved = float(input("Enter the percent of your salary to save, as a decimal:" ))

total_cost = float(input("Enter the cost of your dream home:"))

semi_annual_salary_raise_rate = float(input("Enter your semi annual salary raise rate, as a decimal:"))

Now we will initialize our state variables, This part should be the
same as the previous code,

monthly_salary (annual_salary)/12
monthly_saving (monthly_salary)*(portion_saved)
current_savings = 0

portion_down_payment = (total_cost)*(0.25)
annual_return = 0.04

Now You will write the statements that determine how rnany months
we will need before we can PRy the down payment, Remember, we

will be increasing our salary, which should only happen after the 6th,

12th, 48th month, and so on.

The conditional should still be the same when our current saving is
less than our down payment. we wil stil be in incrementing the
number of months by one. However, we wil add another conditional in
which € it is @ month that is divisible by six, then we wil be u\oo\aﬂnﬁ
the mon’rhlx\.j saving and the mon’rhlxj salary,

n=2=9
while current_savings < portion_down_payment:
current_savings = (monthly_saving) + (current_savings)*(1 + annual_return/12)
n=n+1
if n%6 == 0:
monthly_saving
monthly_salary

(monthly_salary)*(1 + semi_annual_salary_raise_rate)*(portion_saved)
(monthly_salary)x(1 + semi_annual_salary_raise_rate)



Now we wil erint the result which s @ number of months \')uer
ke we did kefore. we wil also test our program with the test

cases from the instructions.

our final code and an examele of the output when we run it is

shown below

annual_salary = float(input("Enter your annual salary: "))

portion_saved = float(input("Enter the percent of your salary to save, as a decimal:" ))

total_cost = float(input("Enter the cost of your dream home:"))

semi_annual_salary_raise_rate = float(input("Enter your semi annual salary raise rate, as a decimal:"))

monthly_salary = (annual_salary)/12

monthly_saving = (monthly_salary)*(portion_saved)
current_savings = @
portion_down_payment = (total_cost)*(0.25)

annual_return = 0.04

n=20
while current_savings < portion_down_payment:
current_savings = (monthly_saving) + (current_savings)*(1 + annual_return/12)
n=n+1
if n%6 == 0:
monthly_saving = (monthly_salary)*(1 + semi_annual_salary_raise_rate)*(portion_saved)
monthly_salary = (monthly_salary)*(1 + semi_annual_salary_raise_rate)
result = n
print("Number of months:", result)

Enter your annual salary: 150000

Enter the percent of your salary to save, as a decimal:.@7
Enter the cost of your dream home:900000

Enter your semi annual salary raise rate, as a decimal:.04
Number of months: 135



2.4 Part G - Finding the right amount to save away

In part B, we had a chance to explore how both the percentage of
our salary that we save each month and our annual raise atfect
how long it takes Lor You to save for a down payment. But i€ Jou
wanted to set a particular 908 for example, to be able to atford
the down payment in three years, how much would You need to
save each month to achieve this? In this problem, we wil be wr\ﬂnﬂ a

program to answer that question.

There are a few ﬂ\‘\nﬁs that we wil assume to slm\ol"\% this problem.

Your semi-annual raise is .07 (7%)

Your investments have an annual return of 0.04 (4%)
The down payment is 0.25 (25%) of the cost of the house
The cost of the house that you are saving for is $1M.

RSN

we are now going to fry to £find the best rate of savings fo
achieve a down payment of $4 milion house in 36 monthe.
Since h'\H‘\nS this exactly is & cha|len3e, we simply want your
savings to be within $o0 of the required down payment.

we wil write a program to calculate the best savings rate, as a
Lunction of our starting salary, The instructions tell us to use
bisection search to help us do this e&‘?\c\en’rH. we should keep track
of the number of steps it takes our bisection search to finish. we
should be able fo use some parts of part B in this eroblem.



Because we are search'\n3 for a value that is a foat, we are 9079 to
lirit oursehes to do two decimals of accuracy, This means we can
search for an infeger between zero and 10,000 and then convert it to
a decimal percentage fo use when we are calculating the current
Savings after 36 months,

The only input we need is the annual salary so we wil ask the user
to enter their annual salarﬂ.

starting_annual_salary = float(input("Enter your annual salary: "))

Now we will write the code for the ’rh\nﬁs we assumed in the be3100103
and also-defined what we wil-use in this problem,

total_cost = 1_000_000

current_savings = 0
portion_down_payment = total_cost*0.25
semi_annual_salary_raise = 0.07
annual_return = 0.04

num_months = 36

current_savings = 0

annual_salary = starting_annual_salary

Because we are search'\nﬂ for a value that is in erinciple of foat, we
are going to limit ourselves fo two decimals of accuracy, This means
we can search for an integer between o and 40,000, We will dlso be
counting the number of bisections it takes to finigh the search go 'm
going to define a variable and set it to o

low = 0
high = 10_000
n_bisec = 0



In part B of this eroblem, we were asked how rnany months it would
take for us to be able to put down the down payment of a house.
However, in this part of the problem, we are gven the number of
months and we are trying to £ind how much rmoney we need to save
per month fo reach this goal.

Because the instructions tell us that the $avings amount is within $100
of the required amount, we must write code as to when our bisection
search should be considered comglete. when the current savings is
more than the down payment amount but less than the amount plus
100, we know we have found the mid point within the bisection.

while low <= high and (
not (

current_savings >= portion_down_payment
and

current_savings <= portion_down_payment + 100
)
)i
mid = (low + high) // 2
portion_saved = mid / 10000

Now we will write the code to update the annual salary, For every
month, we know the formula for the mon’rhlﬁ salary, mor\ﬂ'\lv saving
investment dividend, and current savinge. € the month is the 6th, 1ath,
16th, etc., month, then we update the annual salary to contain the semi
annual salary raise. Then, we update how rmany bisections we used.

for i in range(num_months):

monthly_salary = annual_salary / 12

monthly_saving = monthly_salary * portion_saved
investment_dividend = current_savings * (1 + annual_return / 12)
current_savings = monthly_saving + investment_dividend

if (i+1) % 6 == 0:
annual_salary = annual_salary * (1 + semi_annual_salary_raise)

n_bisec = n_bisec + 1



To test our code, we can dways erint out some statements.
This can be deleted once we conkirm our code is correct., The
test code could be someJr‘n'\nﬁ as {olows:

print('low = {}, high = {}, mid = {}, current_savyings = {}'
.format(low, high, mid, current_savings));

i€ the current Savings is more than the down payment; then our hlﬁh
value becomes our middie value. otherwise, our low-value is the
middie value for our bisection search.

if current_savings >= portion_down_payment:

high = mid
else:
low = mid

F\nallg, we can print out our current sav\nﬂs, best sav\nﬁs rate, and
the number of stepes in the bisection search that it took.

print("current savings:", current_savings)
print("best savings rate:", portion_saved)
print("steps in bisection search: ", n_bisec)

Now we have Just finished the first problem set. In this problem,
we have learned how to use Ptjﬂ‘o“ in real life problems and
also how to use a bisection search to e@\c'\enﬂg program code,



The €inal code is below

starting_annual_salary = float(input("Enter your annual salary: "))

total_cost = 1_000_000

current_savings = @
portion_down_payment = total_cost*0.25
semi_annual_salary_raise = 0.07
annual_return = 0.04

num_months = 36

current_savings = @

annual_salary = starting_annual_salary

low = @
high = 10_000
n_bisec = @

while low <= high and (
not (
current_savings >= portion_down_payment
and
current_savings <= portion_down_payment + 100
)
):
mid = (low + high) // 2
portion_saved = mid / 10000

for i in range(num_months):

monthly_salary = annual_salary / 12

monthly_saving = monthly_salary * portion_saved
investment_dividend = current_savings * (1 + annual_return / 12)
current_savings = monthly_saving + investment_dividend

if (i+1) % 6 == O:
annual_salary = annual_salary % (1 + semi_annual_salary_raise)

n_bisec = n_bisec + 1

print('low = {}, high = {}, mid = {}, current_savyings = {}'
.format(low, high, mid, current_savings));

if current_savings >= portion_down_payment:

high = mid

else:

low = mid
print("current savings:", current_savings)
print("best savings rate:", portion_saved)

print("steps in bisection search: ", n_bisec)



An example output of our code is shown below

Enter

low
low
low
low
low
low
low
low
low

best savings rate

your annual salary: 300000
10000, mid = 5000, current_savyings =
2500, current_savyings =
2500, mid = 1250, current_savyings =

0, high
9, high
0, high =

1250,

2187,
2187,
2187,

high
high
high
high
high
high

5000, mid

e L Wowonon

steps in bisection

2500,

2343,
2265,
2226,
0.2206
search

mid
mid
mid
mid
mid
mid

9

1875,

current_savyings
current_savyings
current_savyings
current_savyings
current_savyings
current_savyings

566774.4123135424
283387.2061567712
693.6030783856

141

212540.
247907.
265590.
256748.
252327.
250060.

40461757834
1279459436
489610126
80877803464
96836198907
87071273496






3.1Getting Started

Hanﬁman i & very common game P'aﬁed by many, but did You
know you can use 'P\j‘rhon to create this Samez. tis a guessing game
where one plavyer thinks of & word, phrase, or sentence and the other
player fries to guess it \33 suqgesting letters within @ certain number
of guesses. In this version, we wil create ‘nansman where a plaver wil
be guessing a word Senera+ed by the computer.

This chapter is separated into several sections that correseond
with YouTube video episodes on rny channel and website.,

The first step in writing this program is to download the word £ile and
template we will be using, This geme is modeled after the
MITOPENCOURSEWARE Introduction To Computer Science And
Programming 1 ?3+hon Problem Set 2 Hanﬂman problem.

we will be using the flle provided to download the han\c)man.pﬁ and
words.txt files, The words.txt is a file that contains all of the words the
computer wil choose £rom fo generate the word the player guesses. The
hanﬁman.(aﬁ is what we wil be using as our template to write the main

functions of hanﬁmar\.

To £ind these links,
once you have downloaded these fies,
tj ) g to
save them to the same d\rec+or3 on herstemjourney.com
and +he3 wil be
under the section

titied Python Notes!

3our comPu’rer. \ suﬂaes‘r 3ou mMake -a
folder dedicated to this geme. 't will be
much easier to nav5a+el



Flow Chart

To get & gist of what we- wil be o\o\r\g to write this geme; ) have created
a rouﬁh Qowchart of the erocess.

[Tger inputs a lefkier
< Y

lekter S in
seccet word

lelter is not
in secres word

—

J
A
l'i—s +he word auzssed_"l

7\
[mol _'-.Jes

Bou wn' L

This is how the game should run when we program it, ij o\raw'\nﬁ
out & flow chart, we have created a template for what small
functions we need to write to accom(ol‘tsh thie.



Trans?err\n\cj Qow chart to code

open the fie hanﬂman.(otj. This is where we wil be writing the main code
this program uses to function. The two helper codes ‘load_words()" and
‘choose _word(wordiist)' are on the top of the function because these
are what the computer uses to pick a word from the wordiist il we
downloaded in the first stee.

Now we can scroll down to where it says def hanﬁman( secret_word).
"Def' is short for define and in Python, we must frst define a
Lfunction to use it, Below is where you wil write the code that will run
when we call the har\ﬁmar\ Lunction.

Using the fow chart we have alreao\ﬁ created, we wil be converting it
to code. The first step in the hanjman function is to let the user
input & guess. Next we determine whether or not the letter 3uesseo\
is in the secret word.

def hangman(secret_word):
current_guess = input("Please guess a letter: ")
if is_letter_guessed(secret_word, current_guess):
print("Good guess")
else:
print("Oops! That letter is not in my word.")

Mote that we are using the function "\s_le’r+er_3uessed" but we have not
3@ written the function o it wil not run. n order £or this program to

work, you must define \sgle’r‘rer_ﬁuesseo\ (a function that wil determine
whether or not the letter You have Just 3uesseo\ isa letter i the secret

word.)



You must u(ao\a’re the le’r’rers_suessed after the user guesses the word
so it contains all of the letters the user has Suesseo\. we can do this b&j
se’rﬂr\3 Ie’r+ers_3uessed to Ie’r+ers_3uessed + currer\’r_SuQSS.

letters_guessed = letters_guessed + current_guess

The next step is de’rerm\n\n3 whether or not the word has been
Suesseo\. Note that the word wil only be Suesseo\ i€ AL of the letters in
secret_word have been 3uesseo\.

if is_word_guessed(secret_word, letters_guessed):
won = True
print("word guessed!")
break

However, we realize that everyone can guess the r'\ﬁh’r letters as long as
we have enouﬁh guesses. e You guess al the letters of the alghabet, it is
Suararweeo\ that Sou'll get the word rBht However, to make this game
more. engaging we dont want that. \nstead, we can use a for loop (refer
to chapter 43) fo limit how mMany guesses the user has.

for remaining_guesses in range(10):
print("You have " +str(10 - remaining_guesses) + " guesses left.")
print("Available letters :", get_available_letters(letters_guessed))

Similar to the function on the last page, "\S_IQ’r’rer_Suessed",

"rema\n\nﬁ_ﬁuesses" is not yet defined. we must define this function
to use it.



Everﬂ’rh\nﬁ else that we have written should 9 WSIDE the for loop.
This is because the € conditions hold when remaining_guesses is in
a range of 4o, Make sure the indentions match the level each function
is on. Refer to the next P9 Lor the €Ul function.

Notice that when the word was 3uesseo\, we set won to true, However,
in the beginning of the function, when the user has not 3uesseo\ the

word Yet we must set won to false.

\n addition, we use "Ieﬁers_ﬁuesseo\“ in the function, but it is also not
defined. Because in the beginning of the 4eme, the user has not

Suesseo\ any letters, Ie+’rers_3uessed should be blank, Therefore, we
can set letters_quessed = " which indicates that it is an empty set.

For testing purposes, we can always erint out the secret word at the
beﬁ'\r\n\nﬁ of the function to make sure our progrem is runn\nﬁ as it is
su(a(aoseo\ to. This is a Sre& way to test our program.

print(secret_word)
letters_guessed ="
won = False

Wwe can put these lines above and in line with the for loop because

these P before the loops.

The last step is what hapeens i the user does not guess the word in
the o\es\ﬂna’reo\ number of fries. This next eart wil 9 outside of the for
loop because it is what ha(apens i rema\n\nﬁ_suesses is out of the

ranﬂe.



we can write another i€ statement at the end of the function that is
al'\ﬁneo\ with the for loop. This last statement should convey that i€ the
germe is not won, the computer should erint out that the user has lost.

if not 'won:'
print("YOU LOST!!!")

when Jou are done, Your program should look some’rh\ng ke this.

letters_guessed=""

won = False

for remaining_guesses in range(6):
print("You have " + str(6 - remaining_guesses) + " guesses left.")
print("Available letters :", get_available_letters(letters_guessed))
current_guess = input("Please guess a letter:") "~ inese high lignted
if is_letter_guessed(current_guess, secret_word): funcions ove not¥

print("GOOd gUeSS") Ye+ wriiten; so +tNWs
function an=t be rua.

olse: L . bus NeYA-SYeP it +o
print("Oops! That letter is not in my word.") write tese Wewper Sunctyp

letters_guessed = letters_guessed + current_guess g‘}‘fgfg“ uRtnem W
if is_word_guessed(secret_word, letters_guessed):

won = True

print("word guessed!")

break

print(get_guessed_word(secret_word, letters_guessed))
if not won:
print("LOSER!!!")

However, because the h\\c}hl‘\ah’red functions are not defined, You
try fo run this progran, it should s3ay ‘name Be’r,avallableﬁleﬁers'
is not defined’. This is because the first function it runs into that
is not defined is the get—avaiable letters.



3.2 Helper Functions

Helper functions are small, specialized functions that are created to
perform a speecific task within a program. Thefj are o\es\ﬁr\eo\ to be
reusable and assist in solving larger problems by breaking them down
into smaller, more manaﬁeable parts. Theﬁ are an essential part of
programming because ’r‘nev promote reao\a‘o'\l'\‘rtj and organization.

n this section, we wil be wr\’r\nﬂ the three heleer functions this
program needs to function. \n the last section, we used the functions
\s‘woro\‘ﬂuessec\, 3e’r‘3uesseo\‘worc\, and Se’r‘ava'\lable‘leﬁers, and
in this section we wil be o\e?\n\nﬁ them. As we saw, these code did
not function when we ran it because these functions are not
defined.

This section corresponds fo episodes 345 on YouTube Har&)S’rudﬁdoume\j.

'\s_woro\*ﬁuesseo\

In this helper function, we wil be de‘rerm\r\'\nﬁ whether or not the
secret word has been 3uesseo\. To do thig, we assume that all of
the letters 3uesseo\ are lowercase, what this function wil do is
return True is all of the letters that are in the secret word have
been 3uesseo\ and False otherwise.

The first step is fo determine whether a letter of the secret
word i Suesseo\. \n order to do so, we wil be writing another
helper function called "‘\s,|e++er,3uesseo\".



'\s‘le’r’rer‘ﬁuesseo\

"\S\J o\e?\n\ns '\s~le++er~3uesseo\, we are o\e?m‘mﬂ a heleer function for a
heleer function. This continues to s\mpl'\% our code and make it more
readable. \s‘leﬁer‘ﬁuesseo\ determines whether a single letter that
has been 3uesseo\ is in secret word. This function should return a
true or a false because that is what we need in our main function.
The parameters of this function is the letter that is being ﬂuesseo\
and the secret word, so when we are o\e?\n’mﬁ our £unction, it should
look like this:

def is_letter_guessed(secret_letter, letters_guessed):
return secret_letter in letters_guessed

n '\s_woro\_ﬁuesseo\, we wil be o\e’rerm‘\n\nﬁ whether each letter in the
secret word has been Suesseo\. n other words, we are o\e’rerm\r\\r\3 i€ all
of the letters in the secret_word are in le+’rers_3uessed. To do so, we
have to use the Ier\3+h of the secret word and compare all of its letters
to those is le’r+ers_3uessed. So in our function, the first ‘rh'\nﬁ we wil
write is Ienﬁ’rh\sw = len(secret_word), This assigne the actual ler\3+h of
the secret word to Ienﬁ’rh_sw. Now we can use Ienjrh-sw as a
parameter in our code.,

Now we can use the for loop o compare each letter of the
secret word to the letters Suesseo\.

\€ all of the letters have been Suesseo\, the computer shouid
return "True', otherwise the computer should return ‘False’.



The best way to do this is to use '€ not" instead of the "i€" loop. In
other wordg, ¥ all of the letters have not been 3uesseo\, the computer
will return ‘False’, otherwise it wil be frue. This is much simpler than
the first choice because it is difficult to compare whether all of the
letters in the secret word are in letters Suesseo\, but much easier to
determine i€ the word has not been 3uese,eo\ because only one letter
has to not be 3uesseo\ for it to return ‘False'. Therefore, our code
should look some’rh'\nﬂ like this:

def is_word_guessed(secret_word, letters_guessed):
length_sw = len(secret_word)
for i in range(length_sw):
if not is_letter_guessed(secret_word[i], letters_guessed):
return False
return True

3e+~3uesseo\‘woro\

The next step is to et the result the computer shows when the
user guesses a letter. € the letter that is 3uesseo\ is in the word,
the computer will print out the word with underscores to represent
letters not 3\4@33&0\ and the letter that has been Suesseo\ correctly
in the correct place. € the letter is not Suesseo\ correctly, the
computer will print out what it has o far with the underscore.

we will call this function Se’r_ﬁuesseo\_woro\. The two parameters
that it is ‘rak'\nﬁ in are the secret word we are ﬁ‘ﬁ\r\s to guess and
also the letters 3uesseo\ so far,



This is similar fo the last heleer function in the sense that we
must also determing the number of letters we are comparing
using the |en3’rh of secret words we first set the |en3+h of
secret word, or Ien\cﬁh‘sw = len(secret_word). Now we can
write & for loop to determine what fo do i the letter is
3uesseo\ and what to do when the letter is not.

€ the letter is 3uesseo\, then the result wil be updated to show
the correct letter in the word. i€ it is not, the letter wil Just be an

underscore and a space.

Because we are upo\aﬂnﬂ the result, we must first define the
result beforehand so the computer knows what we are u(ao\a’r‘\nj.
Since in the beginning, before the user has input their guess, our
result is empty we can define result as two quotes (either *

W

or )

The program should ook as {ollows:

def get_guessed_word(secret_word, letters_guessed):
result ="
Length_sw = len(secret_word)
for i in range(Length_sw):
if is_letter_guessed(secret_word[i], letters_guessed) :
result = result + secret_word[i]
else:
result = result + '_
return(result)



3e+_ava\lable_le+’rers

In the last heleer function, we wil be writing code that wil show what
the available letters that the user can guess Lrom. This function should
take in one parameter (IeHers,ﬁuesseo\) and return a list of Engl\sh
lowercase letters - all letters. that have not been Suesseo\ (not in
Ie’r’rers‘ﬂuess,ed).

>>> letters guessed = ['e 's']
>>> print get available letters(letters guessed)

abcdfghjlmnogtuvwxyz

l, lil, lkl, lpI, lrl,

First you must import the string of letters, or the string of all letters in
the Enﬂl’\sh alehabet.

>>> import string
>>> print(string.ascii lowercase)
abcdefghijklmnopgrstuvwxyz

Next, because we are upo\aﬂnﬁ the available letters the user can guess
£rom in this function, we must define what the available letters are
before we run a loop. Similar to o\e?\n'\ns ‘results’ in Helper Function 2, we
can set available _letters =" ‘which shows that in the beginning it is an
em(a’r3 s‘rr‘\nﬁ.

def gét_avaiIable_letters(letters_g uessed):
import string
available_letter =""



Now we can write our loop that defines our e,’rr‘mﬁ of all avaiable
letters. For each letter of our alchabet; this loop should compare it
to the letters 3uesseo\ to determine whether or not it has a.lreao\3
been Suesseo\. € it has been 3uesseo\, the computer should not
add it to the available letters list, 1€ the letter has not been
suesseo\, the computer should add it to the available letters.

Because we are s+ar’r\r\3 off with & blank s+r‘\r\3, it the letter has
alreao\t) been ﬁuesseo\, the string of available letters staye the
same. Therefore, we only have to account for when the letter has
not been 3uesseo\.

def get_available_letters(letters_guessed):
import string
available_letter =""
for letter in string.ascii_lowercase:
if letter not in letters_guessed:
available_letter = available_letter + letter
return available_letter

Don't forget to return the avaiable letters at the end of the code!

Now that we have all of our heleer functions written, we can
irmplement them into our main function, test it out, and update
it as needed.



3.3 The Game

n 3.4, we have alreao\a wrote a basic structure of our code and in 3.9,
we wrote the heleer functions that were used in the code. Mow we
should begin fo mod‘\?\j the code and check i what we wrote in 34 is
accurate,

user com(au’rer interaction

The first step we are going to compare our code to s 'User computer
interaction’ in the instructions. € we run our code and compare it to
the instructions we will notice that there  are some minor difkerences.
Because this can be Your own code, You can moo\'\Qj it fo your fiking,
However, it is also important to learn how fo o\ebuﬁ Your code; or fix it
to what it is supposed to be.

You have 6 guesses left.
Available letters: abcdefghijklmnopgrstuvwxyz
Please guess a letter: a

Theircoseny o0 uess: - 2 -

You have 6 guesses left.
Available letters: bcdefghijklmnopgrstuvwxyz
Please guess a letter:b

Oops! That letter is not in my word: _ a

You have 6 guesses left.
Available letters : abcdefghijklmnopqrstuvwxyz
Please guess a letter:a
Good guess
d oA _ _
Qur cooe: You have 6 guesses left.
Available letters : bcdefghijklmnopqrstuvwxyz
Please guess a letter:d
Oops! That letter is not in my word.



?Bh’r now, the computer erints out the function of 3e’r‘3uessed,woro\
after the while loop and so the result is on a separate fine that the
"3000\ Suess" or 'cops! That letter is not in ry word.' 1§ we want the
Se’r‘\c’uesseo\\woro\ to be r‘\\c}h‘r after those phrases, we need to chanse
the position of ﬁe‘r\ﬁuesseo\\worc\.

The demo code also shows a line of dashes in between each guess
to separate the code and make it more readable, we can do the
same btj ao\o\\nﬁ a line of dashes at the end of the while loop.

letters_guessed=""
won = False
remaining_guesses = 6
while (remaining_guesses > 0)
print(*You have " + str(remaining_guesses) + " guesses left.")
print("Available letters ", get_available_letters(letters_guessed))
current_guess = input("Please guess a letter:")
if is_letters_guessed(current_guess, secret_word)
print("Good guess:", get_guessed_word(secret_word, letters_guessed))
else:
print("Oops! That letter is not in my word:", get_guessed_word(secret_word, letters_guessed))
[ L1 .. § pewermnmanasyess: ")
letters_guessed = letters_guessed + current_guess
if is_word_guessed(secret_word, letters_guessed):
won = True
print("word guessed!")
break
if not won:
print("YOU LOST!II")

Now i we rtun our code, we see that it now erints out the dashes
after the phrases. However, when we guess a letter that is in the
word, the letter does not show up after “3000\ 3\)\&53" ke it is
supposed to and it only shows up after our next guess, This is
because we updates the letters 3uesseo\ affer we perint out the
3e+_3uesseo\_woro\. we- can moo\'\ﬁj this by moving fine 408 in the code
above to a line before we use it



letters_guessed=""

won = False

remaining_guesses = 6

while (remaining_guesses > 0):
print("You have " + g9 ) +" @ left.”)
print("Available letters :*, get_available_letters(letters_guessed))
current_guess = input(*Please guess a letter:")
letters_guessed = letters_guessed + current_guess
if is_letters_guessed(current_guess, secret_word)

print("Good guess:", get_guessed_word(secret_word, letters_guessed))

else
print("Oops! That letter is not in my word:", get_guessed_word(secret_word, letters_guessed))

[ )
if is_word_guessed(secret_word, letters_guessed):
won = True
print(*word guessed!")
break
if not won:
print(*YOU LOST!II)

user ‘\n(au’r requ'\remen’rs

1) 3uess i not a letter

Before, we have 3lways assumed that the guess the user input is a
letter, However, this is not Suarameeo\. Sometimes there could be misclicks

and we have to account for those.

The user can only guess an uppercase or lowercase letter. & the user
inputs an&ﬂw'\nﬁ else, tell the user that J‘heﬁ can only input an alehabet. 1n
addition to thig, the user should g2t 3 wamings at the beginning of the

ame, Each time they put in an invalid inpu ey should lose a warnina.
geme. Bach fime they put d input, they shoud 9
& there are no Warnings left and ’rheg input another invalid input; the

user should lose a guess.

In your code, add in the remaining warnings and perint out what it is.

)€ letters_guessed=""

97 won = False

) remaining_warnings = 3

)9 remaining_guesses = 6
print("You have " + str(remaining_warnings) + " warnings left.")
while (remaining_guesses > 0):



we Wil write another helper function that determines what the
computer should do i€ the user input is not a letter. It is best to
define functions and implement them in the main function
because it is easier fo read and simeler. | wil name this code
no‘r_al(aha_wam\nﬁ. The two parameters this function should
take in are the rema\n\nﬁﬁsuesses and the rema\r\'\r\ﬂ‘wam\nﬁs
because those are the ones we wil use and update.

In this code, there are two possibiities we must account for. First
is i€ there are warnings left and the other is when there are no
rnore warnings le€t, \€ there arent ANy Wwarnings le€t, we deduct a
guess and erint out the statement ‘Cops, that is not & letter, You
have no warnings le£t," folowed by & statement teling how rmany
guesses the user has left, € there are ofil Warmings le£t, we Just
subtract & warning and erint out ‘cops, that is not & letter;'
Lollowed by & statement saying how rN3NY Wwarnings there are left,

def not_alpha_warning(remaining_warnings, remaining,guesses)

if remaining_warnings == 0:

remaining_guesses = remaining_guesses -1

print("Oops! That is not a valid letter. You have no warnings left so you lose one guess: ", get_guessed_word(secret_word, letters_guessed))
else:

remaining_warnings = remaining_warnings - 1

print("Oops! That is not a valid letter. You have " + str(remaining_warnings) + " warnings left: ", get_guessed_word(secret_word, letters_guessed))
return remaining_warnings, remaining_guesses

Because we used 3e+_3uessed_woro\ and it includes the parameters
secret_word and Ieﬁers_ﬁuesseo\, we must also add them to the
parameters of the function no’r_al(oha_wam\nﬁ.



def not_alpha_\ i ining_warnings, ining_guesses, secret_word, letters_guessed):

if remaining_warnings == 0:

remaining_guesses = remaining_guesses -1

print("Oops! That is not a valid letter. You have no warnings left so you lose one guess: ", get_guessed_word(secret_word, letters_guessed))
else:

remaining_warnings = remaining_warnings - 1

print("Oops! That is not a valid letter. You have " + str(remaining_warnings) + " warnings left: ", get_guessed_word(secret_word, letters_guessed))
return remaining_warnings, remaining_guesses

Now we can implement this into the main function.

letters_guessed=""
won = False
remaining_warnings = 3
remaining_guesses = 6
print("You have " + str(remaining_warnings) + " warnings left.")
while (remaining_guesses > 0):
print("You have " + str(remaining_guesses) + " guesses left.")
print("Available letters :", get_available_|
current_guess = input("Please guess a letter:")
if not str.isalpha(current_guess):
[remaining_warnings, remaining_guesses] = not_alpha_warning(remaining_warnings, remaining_guesses, secret_word, letters_guessed)
else:
if is_letters_guessed(current_guess, letters_guessed):

2) repeaJreo\ guess warn'\nﬁ

This is similar to the previous heleer function because in
both, each time the user input in an invalid input, ’rhe\j lose
3 Warning, \€ there are no Warnings left and ’rhe\j input
another invalid input, the user loses a guess.

we can béS'\CélH copy the code {rom the previous Lunction
into this one because the contents are the same, Just what
we fﬁpe out and when we use it is difkerent,



In this code, it should erint out “OOPS, that letter has alreao\t,
been 3uesseo\.“ Qlonﬁ with the remaining warn‘\nas/ﬂuesses le £t,

def repeated_guess_warning(remaining_warnings, remaining_guesses, secret_word, letters_guessed):

if remaining_warnings == 0:

remaining_guesses = remaining_guesses -1

print("Oops! You've already guessed that letter. You have no warnings left so you lose one guess: ", get_guessed_word(secret_word, letters_guessed))
else:

remaining_warnings = remaining_warnings - 1

print("Oops! You've already guessed that letter. You have " + str(remaining_warnings) + " warnings left: ", get_guessed_word(secret_word, letters_guessed))
return remaining_warnings, remaining_guesses

NMow we update the main function so we can imglement this
code, we are u(ao\aﬂnﬁ the remaining—warmings and
remaining—_guesses, so we have to do this after implementing
the function.

letters_guessed=""
won = False
remaining_warnings = 3
remaining_guesses = 6
print("You have * + str(remaining_warnings) + * warnings left.")
while (remaining_guesses > 0):
print(*You have * + str(remaining_guesses) + * guesses left.")
print(*Available letters :*, get_available_letters(letters_guessed))
current_guess = input(*Please guess a letter.")
['r'é'rﬁé'm[r'\é warnings, remaining_guesses) = not_alpha_warning(remaining_warnings, remaining_guesses, secret_word, letters_guessed)
else:
if1s_letters_guessed(current_guess, letters_guessed)
[remaining_warnings, remaining_guesses) = repealed_guess_warning(remaining_warnings, remaining_guesses, secret_word, letters_guessed)
else
letters_guessed = letters_guessed + current_guess
Itis_letters_guessed(current_guess, secret_word)
print(*Good guess:”, get_guessed_word(secret_word, letters_guessed))
else
print(*Oops! That letter is not in my word:", get_guessed_word(secret_word, letters_guessed))

ifis_word_guessed(secret_word, letters_guessed)
won = True
print(*word guessed!")
break
if not won:
print(*YOU LOST!IF)



GamMme ruRks

There are. a few more rules to our game in addition to the. ones we
alreao\ﬁ have, Previously, we have just discussed what the computer
should do when the input is not a letter or is a letter that has alreao\ﬁ
been Suesseo\. Mow we are going to determine what to do when the
letter Suesseo\ is a letter that hasn't been Suesseo\, but is not in the

secret word,

As stated in the instructions, i€ the incorrect guess is & vowe) the
user loses J guesses and i€ it is & consonant, the user loses 4
guess. Now we just have to write & separate function that does
this. ) wil name the function wronﬁJeHer‘ﬁuesseo\.

In this function, we have to compare the current ﬁuesseo\ to the
secret word and determine i€ it is alreao\tj in the letters ﬁuesseo\.
Then, we update the remaining guesses per the instructions.
Because of this, the parameters of this function are
current_guess, remaining_guesses, secret_word, and
Ieﬁers_ﬂuesseo\.

We can use an ‘i else" loop to do this. Because it is easier to
define what a vowel is) we can say '€ the input is & vowe!'
then subtract 2 guesses, and otherwise, subtract one guess.
The instructions also say to erint out “OOPS! That letter is not
in rny word, so that is what we wil also do.



def wrong_letter_guessed(current_guess, remaining_guesses, secret_word, letters_guessed):
vowel = "aeiou”

if is_letters_guessed(current_guess, vowel):
)¢ remaining_guesses = remaining_guesses -2

print("That letter is not in my word: ", get_guessed_word(secret_word, letters_guessed))
)¢ else:

i€ the letter is not @ vowel, then that means it is a

consonant o it is easy to use an ', else" loop in this
situation.

13 def wrong_letter_guessed(current_guess, remaining_guesses, secret_word, letters_guessed):
4 vowel = "aeiou”

)t if is_letters_guessed(current_guess, vowel):
)6 remaining_guesses = remaining_guesses -2

)7 print("That letter is not in my word: ", get_guessed_word(secret_word, letters_guessed))
) else:

9 remaining_guesses = remaining_guesses -1

print(*That letter is not in my word: ", get_guessed_word(secret_word, letters_guessed))
return remaining_guesses

Make sure to return the remaining—_guesses at the end
because that is what we are u(ao\aﬂns when cunning this
function. Mow that we have this, we can implement it into our
main function.

€ the guess is a letter and it is not a receated guess, than this
function should occur, Because of this, we add this as an ‘else”
condition, the "' condition being the repeated guess. In other
words, i€ the guess implemented is a wrong letter that has not
been 3uesseo\, then we first update the Ie’r’rers‘auesseo\ to hold
this letter and then implement wronsﬁleﬁerﬁﬁuessed to determine
how ANy guesses to take away Lrom the user,



letters_guessed=""

won = False

remaining_warnings = 3

remaining_guesses = 6

print("You have " + str(remaining_warnings) + " warnings left.")

while (remaining_guesses > 0):
print("You have " + str(remaining_guesses) + " guesses left.")
print("Available letters :", get_available_letters(letters_guessed))
current_guess = input("Please guess a letter:")

[remaining_warnings, remaining_guesses] = not_alpha_warning ining_warnings, ining_guesses, secret_word, letters_guessed)
else:
if is_letters_guessed(current_guess, letters_guessed):
[remaining_warnings, remaining_guesses| = repeated_guess_warning| ining_warnings, ining_guesses, secret_word, letters_guessed)
else:

letters_guessed = letters_guessed + current_guess
ifis_letters_guessed(current_guess, secret_word):

print("Good guess:", get_guessed._\ _word, letters_
else:
remaining_guesses = wrong_letter_guessed(current_guess, remaining_guesses, secret_word, letters_guessed)
PrNY("eeseeseeereesness ")
if is_word_t _word, letters_(
won = True

print("Congratulations, you won!")

Game Termination/ Total Score

when the game ends - either the user has run out of guesses
or the word has been 3uesseo\ - we must write out a
con\c)ramla’rorﬂ Message to the user ik the word is Suessed
and tell them the total score or tell them +he5 have lost and
the secret word +he3 did not guess the word, The
instructions include the ?ollow'mﬁ exampele implementation. we
will be writing code that mimics these results,

Example Implementation:
You have 3 guesses left.
Available letters: bcdfghijklnopquvwxyz

se guess a letter:c



\ am going to write & separate code that calculates the total
score by o\e@m'\nﬂ total_score with the parameters of
remaining—guesses and secret_word, This is because the
instructions tell us that the formula to calculate the secret
word is the remaining—quesses mulfiplied by the number of
unique letters in secret_word,

we know that we can use remaining—guesses for the first
portion, but the number of unique letters in secret_word is
some’rh"\nﬂ we do not have yet. Because we know that in a
set, al of the proponents are unique characters, we can
utilize this to find the number of unique letters by putting
the secret_word into a set and ?\no\'\nﬁ the Ienﬁ’rh of it.

def total_score(remaining_guesses, secret_word):

total_score = remaining_guesses " (len(set(secret_word)))
return total_score

Now that we have the formula to find the total score, we can
implement this into the main function.

if is_word_guessed(secret_word, letters_guessed):
won = True
print("Congratulations, you won!")

print("Your total score for this game is: ", total_score(remaining_guesses, secret_word))
break
if not won:

print("Sorry, you ran out of guesses. The word was", secret_word +".")




Now that we have all of the portions of the main function, we
should test out our code and check to see that all of the
portions work, Remember, you can alwaye define your
secret_word as a word fo test out the function so You
know that the code works!

letters_guessed=""

won = False

remaining_warnings = 3

remaining_guesses = 6

print(*You have " + str(remaining_warnings) + " warnings left.")

while (remaining_guesses > 0):
print("You have " + str(remaining_guesses) + " guesses left.")
print("Available letters :", get_available_letters(letters_guessed))
current_guess = input("Please guess a letter:")

if not str.isal
[remaining_warnings, remaining_guesses] = not_alpha_\ g ining_warnings, ining_guesses, secret_word, letters_guessed)
else:
if is_letters_guessed(current_guess, letters_guessed):
[remaining_warnings, remaining_guesses] = repeated_guess_warning( ining_warnings, ining_guesses, secret_word, letters_guessed)
else:
letters_guessed = letters_guessed + current_guess
if is_letters_guessed(current_guess, secret_word):
print("Good guess:", get_guessed_word(secret_word, letters_guessed))
else:
remaining_guesses = wrong_letter_guessed(current_guess, remaining_guesses, secret_word, letters_guessed)
PrNt("aeeeseseecuenasnace! ")
if is_word_guessed(secret_word, letters_guessed):
won = True

print("Congratulations, you won!")
print("Your total score for this game is: ", total_score(remaining_guesses, secret_word))
break
if not won:
print("Sorry, you ran out of guesses. The word was", secret_word +".")



3.4 Hangman With Hints

\& You have P'a\jed the computer game Hanﬁman before, Hou'll
realize that it's not so easy especialy i€ it is & word You do
not know. Then, You would ask the computer for a hint, such as

a list of words that match what You have currenﬂﬂ 3uesseo\.

For example, i€ the word is “tent’ and you have already quessed
't the solution is t— _ 1! and i€ you asked for & guess that

3’\\/@3 You a list, You would Se’r words such as “ftact, tent, test,
text..'

we are 3o\n3 to written a variation of hanﬁman called
“Hanﬁman with Hinte" that will find all the words from its
loaded list that m’\ﬁh’r match Your current Suesseo\ word and

erint them out. This wil haﬂoen W You guess the special
character "',

There wil be two helper Lfunctions to hel\:a us achieve this.

)] ma’rch‘w"ﬁrh‘ﬁa\os

This function should take in 2 parameters: mg‘woro\ and
other_word.,



mg_woro\ is an instance of a 3uesseo\ word and ray have

_sin places. other_word is a normal Enﬁl‘\sh word.

This function should return "True" i€ the guessed letters of
ma_woro\ match with the corres(aono\‘\nﬁ letters of
other_word. \t should return ‘False" i€ the two words do not
correspond in Ienﬁ’rh or ik a Suesseo\ letter in mﬂ‘woro\ does
not match the corres(oor\o\'\ns letter in other_word.

Remember that when a letter is 3uesseo\, Your code updates

\!

'_ " to a hidden letter that You have 3uesseo\ correctiy and
this cannot be one of the letters in the word that has alreao\tj
been revealed,

>>> match with gaps("te_ t", "tact")
False

>>> match with gaps("a_ _ le", "banana")
False

>>> match with gaps("a__ le", "apple")
True

>>> match with gaps("a_ ple", "apple")
False

The first ’rh‘mﬁ we need to do to make this ha(a(aen is to
match the Ienﬂfh of our secret word to the lenf)%\'\ of the word
we have alreada 3uesseo\.



However, we must remember that the word we have Suesseo\
currently consists of underscores and spaces ' _ " to
represent the letters we have not Suesseo\. The spaces are
here to help us tell apart the difkerent letters that have not
been 3uesseo\. Refer back to the beginning when we first wrote
this code.

This was comvenient for us fo fell apart letters rissing, but
now that we are trying to compare the word that is be\nﬁ
3\4&35@0\ to the possible secret words, we must first
compare whether or not these two words are the same
Ienﬁ’rh. The spaces in our word that is being Suesseo\ adds
extra characters (spaces in this case) to our word and
does not gve us an accurate representation of how rnany
characters our word has, To overcome this, we will first write

a code that removes spaces.

1a) remove‘s(oace

The first sub-function we wil define is remove _space.
The goa of this function is to get rid of the spaces in
our current word that we are 3uesseo\, or mg‘woro\.
Because the only ‘rh'\n3 we are mod\%'\ns S mgﬁworo\,

our onltj parameter to this function is mg-woro\.



One way we can think about this function is to write a
Lunction that only takes in the characters of m\:j_woro\ that
are not & space. This can be done by comparing every
character of our current m&j‘woro\ to & space and i it is not
a space; we update it info our mgﬁworo\.

To do thig, we can first set up a new variable m\j_woro\_ns,
sfar\o\'\nﬁ for ry word no space. we can first let this equal an
empty string or ", By doing this, we can now update the new
mtj‘woro\ info mgﬁworo\‘ns. So for every character in mvﬁworo\,
i€ the character is not @ space, then we update ma‘woro\_ns
go it containg the character, This wil continue until all of the
characters have gone +hrou3h this cycle and in the end we wil

return mS‘woroLns, which is our new word without the spaces.

our code should look like this

def remove_space(my_word):

my_word_ns ="
for i in my_word:
ifil=""

my_word_ns = my_word_ns + i
return my_word_ns



Mow that we have the updated m&j‘woro\, we can write the
Lunction ma’rch_wﬁh_ﬁaps. This function stil has to consider
whether or not the letters that are alreao\ﬂ in our m3_woro\
match upe with those in the potential secret_word.

To do this, our first step is u\oo\aﬂnﬁ MS‘(»OFCJ\ so it
removes the spaces. Mext, we wil compare the Ienﬁﬂ'\s of
mtj‘woro\ (the one without spaces) and the |er\3+‘n of
other_worad. Currently, m\d‘woro\ and other_word are both
strings and we cannot o\\recﬂ\j compare their Ien3+hs. To
chanﬁe this, we must compare the Ienﬁfhs of mgﬁworo\ and
other_word.

def match_with_gaps(my_word, other_word):
my_word = remove_space(my_word)
length_my_word = len(my_word)
length_other_word = len(other_word)

only i€ the Ien3+hs of these two words are the same wil our
code keep 9oing. € the Ienﬂ’rhs of these two words are not
the same, then there is no way +h63 will be the sam word,
hence it is Lalse,



But i€ the Ienﬁ‘rhs are the same, our code wil 9o on
further to compare the letters of the characters in
m\j_woro\ that haven't been ﬁuesseo\. \n other words, £or
all the characters in mtj‘woro\ (now that spaces are not

in the equation), i€ the character is not an underscore *_,
we wil compare that letter to the corres(aono\‘\nﬁ place

value letter of other_word.

It is alwax\.js casier to compare us'mﬁ what it ien't. So
instead of seeing whether the corres(aor\o\'\nﬁ letters are
the same, we can simply return False when the
corres(oono\'mﬁ letters are not the same.

our finished code should look like this.

def match_with_gaps(my_word, other_word):

my_word = remove_space(my_word)
length_my_word = len(my_word)
length_other_word = len(other_word)
if length_my_word == length_other_word:

for i in range(length_my_word):

if my_word[i] I="_":
if my_word][i] != other_word][i]:
return False

return True
else:

return False



2) Show‘(ooss\ble‘ma’rches

\n ‘nanﬁman with hintg, the goal is to allow the user to ask
Lor a hint - the hint being a list of all words that could
potentialy be the secret word, This is done ’rhrouﬁh
ma+ch‘w\+hﬁﬁaps where we determined whether the other
word could potentially be the secret word by comparing the
Ienjrhs of the other word with the current word be\nﬁ
Suesseo\ and the correct letters alreao\tj 3uesseo\ in

mtj‘woro\.

Now that we have this, the next step is to show all of the
possible words. This function should erint out all words in
our wordliist (we have to define what the word list is in the
beginning of this function - it's the words we load into the
game) that match mtj‘woro\.

show_possible _matches should have one parameter,
maﬁworo\, because we will be comparing mﬁﬁworo\ with the
possible secret word ’rhrouﬁh ma’rch‘w\fh_ﬁa(as and then
Pr'\n’r\ng out the possible words,



The first step is to define what the wordiist that we wil
be getting the possible words £rom is. \n this case,
wordlist = load_words(), which is defined in the very
beﬁmn\n\c} of our game.

def show _possible_matches(my_word):
wordlist = load_words()

Now that we have the wordiist, for every possible secret
word, or possible _word, in the wordiist, we will erint out

the Poss'\ble‘woro\ Wit passes ma’rch‘w\‘rh‘ﬁa\os.

\n other words, ¥ we run ma’rc‘n-w'\’rhﬁﬂaps comparing
mg‘woro\ and the possible _word and it goes ’rhrouﬂh, then
we will erint out the possible word. once all of the
possible _word is wordiist have been ’rhrouah this loop, we
wil have all of the possible matches erinted out.

def show_possible_matches(my_word):
wordlist = load_words()
for possible_word in wordlist:
if match_with_gaps(my_word, possible_word):
print(possible_word)



Mow to implement this into our code, we wil make a small
addition that will alow the instance that the user can
guess an asterisk (%), and the computer wil erint out al
of the words that match that guess. The user should not
lose & guess i€ the guess is an asterisk,

if current_guess =="*":
show_possible_matches(get_guessed_word(secret_word, letters_guessed))

Now that we have the hanﬁman with hints code, we must
comment out the lines of code that we used to play the
or'\ﬁ‘mal Hanﬁman geme and uncomment out these new lines
of code at the bottom of the fie to play our new game
Hanﬁman with Hints,

201 # To test part 2, comment out the pass line above and
202 # uncomment the following two lines.

203

204 #secret_word = choose_word(wordlist)

205 #hangman(secret_word)

207 HEHHRHHHHHHHRIY

208

209 # To test part 3 re-comment out the above lines and
210 # uncomment the following two lines.

211

212 secret_word = choose_word(wordlist)

213 hangman_with_hints(secret_word)

214



Conﬁra‘rula’r‘\ons! we have just completed our first game
Hangman with Hints! To check Your results, we can
compare them to the sampele output on the eroblem set 2.
Try to test all aspects of your code and make sure the
different possibiities work. Remember You can alwaye
define what the secret word is so it is easier to test, You
can also moo\‘\% Jour code so the user has more
guesses, warmings, ete, This is Jour code and now You can
mod\?xj it however \jou'o\ lice!

Below is an example of what a possible output could look like,

Loading word list from file...

55900 words loaded.
Welcome to the game Hangman!
I'm thinking of a word that is 8 letters long.
You have 3 warnings left.
You have 6 guesses left.
Available letters: abcdefghijklmnopqrstuvwxyz
Please enter a letter:a
Opps! That vowel is not in my word:
remaining guesses: &

You have 4 guesses left.

Available letters: bcdefghijklmnopqrstuvwxyz
Please enter a letter:e

Good guess: _ e_ e

You have 4 guesses left.

Available letters: bcdfghijklmnopgrstuvwxyz
Please enter a letter:i

Good guess: _ i_ _ e_ e_

You have 4 guesses left.
Available letters: bcdfghjklmnopgrstuvwxyz
Please enter a letter:o

Opps! That vowel is not in my word: _ i_ _ e_ e

remaining guesses: 2

You have 2 guesses left. D’

Available letters: bedfghjklmnpgrstuvwxyz Q

Please enter a letter:x

Loading word list from file... \}
55900 words loaded.

bickered w’

billeted \

bitterer

ciphered

diameter

diapered

dickered

withered

zippered

You have 2 guesses left.

Available letters: bcdfghjklmnpgrstuvwxyz
Please enter a letter:t

Good guess: _ i_ te_ e_

You have 2 guesses left.

Available letters: becdfghjklmnpgrsuvwxyz

Please enter a letter:b

Opps! That consonant is not in my word: _ i_ te_

You have 1 guesses left.
Available letters: cdfghjklmnpgrsuvwxyz
Please enter a letter:f
Good guess: fi_ te_ e_

You have 1 guesses left.

Available letters: cdghjklmnpgrsuvwxyz
Please enter a letter:l

Good guess: filte_ e_

You have 1 guesses left.

Available letters: cdghjkmnpgrsuvwxyz
Please enter a letter:r

Good guess: filtere_

You have 1 guesses left.

Available letters: cdghjkmnpgsuvwxyz
Please enter a letter:d

Good guess: filtered

Congratulations, you won!
Your total score for this game is: 7



Chanter 4



4.1Getting Started - :*

This geme is 3 ot fike scrabble, Letters are dealt to playen, who
then construct one or more words using their letters. Each valid
word earns the user points, based on the len3+h of the word and
the letters in that word. The rules of the garme are as Lollows:

'Deal'\nﬁr

- 3 plager is dealt a hand of hand_size letters of the alghabet,
chosen at random: This rnay include multiple instances of a
particular letter,

- the player arranges the hand into as rnany words as Jrhefj
want out of the letters, but using each letter at most once.

- some letters may remain unused, ’rhouﬁ‘n the size of the hand
when a word is (olatjeo\ does affect its score,

Scor‘mﬁ:

-the score of the hand is the sum of the score for each
word formed.
- the score for & word is the eroduct of two components:
first component: the sum of the points for letters in the
word,
second component: either [?*woro\_lenﬁw‘h - 3% n—woro\_ienﬁ’rh)]
or 4, whichever value is greater, where word_len\cﬁh is the number
of letters used in the word and n is the number of letters
available in the current hand. .



Letters are scored as in Scrabble, A is worth 4, B is worth
3, Cis worth 3 D is worth 2 E is worth 4, and =0 on. This
S alreao\a defined in the o\'\cﬂor\ara scrabble _letters_values
that maps each lowercase letter to its Scrabble letter
value,

Before we \aeﬁ'\n coo\'\nﬁ, we will 9 to MITOPEMCOURSEWARE
Introduction To Computer Science And Programming In
'Paﬂwon Problem Set 3 to download the items needed. This
is the same place where we downloaded the files needed
for the Hanﬁmar\ Problem in chapter 2. You can find these
links on the MTOPEMCOURSEWARE website or on rmy

website www.hers’(em\‘)oumeﬁ.com.

we wil download and save ps3.2ip, which includes the Pﬁ’rhon
£ile PS3pY, which should contain all of Your code, initial
procedures, and templates for new procedures and also a
e Lor testing your code test_ps3.py. The last £ile in the list
of legitimate words words.txt, You do not have to chanﬁe
antj’rh\nﬁ here unless specikied.

Make sure to save the words.txt in the same o\'\rec‘rorﬁ as
PS3.pY and then run PS3.0Y to make sure it runs smoo’rhltj.



Recause we have not written the code for our program
yet, we should see the J?ollo«,u'\nﬁ printed out:

Loading word list from file...
83667 words loaded.
play game not yet implemented.

we also have a test code file and it is there so we can
test our code along the way instead of waiting to finish the
code bekore chec\dnﬁ it. € our code passes the unit tests,
there wil be a "SUCCESS' message. otherwise, there wil be
a "FALURE" Message '\no\'\caﬂnﬁ we need to £ix our code.

Now that we understand a fittie bit about this eroblem, we
can start wr'\ﬂnﬁ the code!



4.2 Problem 1- Word Scores

The first step is to implement a function that calculates
the score for a singe word, This is going to 90 under the
code 3e+‘woro\‘score. The instructions gve us these rules
that we must implement into our code:

As a reminder, here are the rules for scoring a word:
e The score for a word is the product of two components:
o First component: the sum of the points for letters in the word.
o Second component: either [7 * word_length - 3 * (n-word_length)] or 1,

whichever value is greater, where:
word_length is the number of letters used in the word
n is the number of letters available in the current hand

It also tells us to use the scrabble_letter_values o\'\cﬂor\ara
defined at the top of PS3pY and to not assume that there
are always 1 letters in a hand. The parameter n is the
total nurmber of letters in the hand when the word was

entered.

1) 3e‘r‘woro\‘score

Because there are two components of the scor\ng for a
word, we can write two heleer codes to make each code

S\m‘oler.



1a) c1_score

The first part of the score is the sum of the points for
letters in the word. To make this happeen, we have to use the
SCRABBLE_LETTER_VALUES defined in the beginning of the
code, This is a o\’\cﬁonara, 20 we wil have to get the value of
the letter and then do the same for each letter in the word.

we wil be using the “.361'( )' method fo access the value
associated with the key Cin this case the letter) in a
o\’\cﬁonartj. This allows us to retrieve the value of a gven
key and perovides a default value & the key is not present
in the o\\cﬂonar&. The general syntax is

value = dictionary.get(key, default)

\n our code, we wil be u(oo\aﬂnﬁ the sum of our score,
20 we must first 12t our initial sum = 0, Now Wwe can
u(oo\a’re ouUr suUM as we ﬁe’r the value of each letter

£rom our o\\cﬂona\‘ﬁ.



Next, we will go +hFOU3h all of the letters in the word and
retrieve its value using the “ﬂe’r( ) method.

def c1_score(word):
sum=0
for letter in word:
SCRABBLE_LETTER_VALUES.get(letter,0)

Now that we have the value, we wil update the sum so that
it containg the value of the letter as well After each letter
has gone through the *or' loop, we will return the sum and
that will be the value of our first component

def c1_score(word):
sum =0
for letter in word:
sum = sum + SCRABBLE_LETTER_VALUES.get(letter,0)
return sum

15) ca_score

The score of the second component is either the
woro\ﬁlens’rh *3-(n- woro\‘lena‘rh) * 3 or 4, whichever one is
greater, where woro\ﬁienﬁ‘rh is the number of letters used in
the word and n is the umber of letters available in the
current hand.



\n this case, we wil be writing the code for the instance that
the value is ﬁrea’rer than one. This is bas\calltj a P\j’rhon
interpretation of the experession gven. we koow that the two
parameters of this function wil be ‘word" and 'n' because
that is what we wil be using in the £unction. To £ind the Ienﬁ’rh
of the word, we need to use the 'word" and the “len()"

function.

def c2_score(word, n):
word_length = len(word)

This wil ﬁ'\ve us the |€r\3’rh of the word. Mow that we have
the Ienﬂfh of the word, we can write the expression for the

Score.,

def c2_score(word, n):
word_length = len(word)
score = (7*word_length) - (3*(n - word_length))
return score

once we €ind the score, we can return the score and
Funning this code will gve us the score of the second

com‘:onen’r.



1c) 'Pu’rﬁnj it ’rogQ’thr

Now that we have each section of the total score, the
instructions say that the total score is the product of the
two components. 60'\03 back to 3Q+_woro\_score, we. know
that the parameters of this function are ‘word" and '
because those are the inputs. Motice that we are Using the
SCRABBLE_LETTER_VALUES defined at the top of our e,
This only contains lowercase letters, meaning i€ the word
contains an uppercase letter, our o\'\cﬁonartj will not have a
value for it, To get around thig, we can first convert the
word info lowercase letters and then retrieve the value

from the o\‘\cﬂor\ara.

def get_word_score(word, n):
word = word.lower()

Now that the word is lowercase, we can calculate the total
score, This is where we will be using the ci_score and
c2_score that we have defined previously, Before we
compare these, we can set them fo a value so it is easier

to compare.,



def get_word_score(word, n):
word = word.lower()
score1 = c1_score(word)
score2 = c2_score(word, n)

This is g0 when we are using the first and second
components of the score, we can use scored and scorel
instead of ci_score(word) and c2_score(word, n). This is
rauch simpler, especialy in larger codes that refer fo helper
codes mulficle times.

Recal that we onl3 use scored € its value is 3rea’rer than
1. To determine this, we can use an i loop.

def get_word_score(word, n):
word = word.lower()
score1 = ¢1_score(word)
score2 = c2_score(word, n)
if score2 >= 1:
total_score = score1*score2

\€ it is greater than 4, than the total score is the first
component fimes the second. I it is not, then the fotal score
is the first component times 4, which is Just the first
component. We can write the second part as the ‘else’
statement,



def get_word_score(word, n):
word = word.lower()
score1 = c1_score(word)
score2 = c2_score(word, n)
if score2 >= 1:
total_score = score1*score2
else:
total_score = score1
return total_score

After we retrieve the total score, we wil return it and then
our code is written To determine whether or not we have
written the code correctly we can run it +hrou3h the
test_ps3.py e

we can do thig by first opening our terminal and chanﬁ'\nﬁ our
o\'\rec’rorxj into the one that contains the PS3 folder, once we
have entered the folder, we can run the test file and look at
the results, The first portion of our code should look similar to
what | have below. Don't worry about the Failure Messages
below, as those are the codes that have not been written yet.

Last login: Mon Feb 19 14:44:06 on Ay
(base) SNSRI acBook-Pro ~ % cd cspractice
(base) ZNERSYNIANNDRIRNNR-VacBook-Pro cspractice % cd PS3
(base) #RNPUNRNINNNIAN -V acBook-Pro PS3 % python3 test_ps3.py
Loading word list from file...

83667 words loaded.

Testing get_word_score...
SUCCESS: test_get_word_score()




4.3 Probhlem 2 - Dealing with Hands

A hand is the set of letters held by & player o\ur'\nﬁ the
game. The player starts ok with a random set of letters,
which is the hand. \n our prograny & hand wil be reeresented
as a o\'\cﬂonarﬁ: the keys are lowercase letters and the
values are the number of times the pearticular letter is
repeated in that hand. For example, i we were dealt with a
hand consisting o 3 q | ry Uy iy | our o\‘\cﬂonar\j would be
represented as:

hand = {'a'":1, 'q':1, '1':2, 'm':1, 'u':1l, 'i':1}

The repeated letter ' is represented with the value of 2
because it occurs twice in this hand. with a o\\cﬂor\arﬁ
representation, the usual way to access a value is
hand[a’), where 'a' is the key we want to find, However,
this only works, i€ the key is in the d‘\cﬂor\arg. To avoid
this, we can instead use hano\.ﬁeJr("a", o) This is the safe
way fo access a value i€ we are not sure the key is in
the o\"\cﬂor\ar\j.



At the top of the PS3.pY there is alreao\ﬁ a function defined
called 3e+‘€requenc3‘d\c+, which returns a o\'\cﬂor\arﬁ where
the keys are elements of the sequence and the values are
infeger counts, Lor the number of times that an element is
repeated in the sequence.

QWVEN FUnCTonS:

1) o\'\s(alatj hand

when we have a hand represented as a o\\cﬂonérg, we want
to o\'\s(olaﬁ it to the user in a way that ’rhe&j can read it. The
o\‘\s(ala\:)‘hano\ £function has been defined in PS3:0Y and it
prints out the hand €or us.

2) 3enera+e a random hand

we have the code to o\\s@ag the hand to the user, but we
need code that generates a set of random letters, The
parameter for this function is 'n' because it fakes in a
positive integer ‘n' and returns @ new dictionary representing
a hand of "n' lowercase letters, This code has also been
gven to us under o\‘\s(:.laﬂ‘har\o\ S0 we can implement it as
needed.



WRITE FUNLCTIOMS:

1) u(ao\a‘re hand

LRl

The plager starts with & £ull hand of 'n’ letters, when the
player spells out words, Jrheﬁ use letters and the letters
from the set are used up. For examele, i the player
started with ', ¢, 0, 3 % d" and the player chose the

word ‘hand’, the hand will be let with ‘e, k',

we would need to write a function that takes a hand
and a word as inputs, S0 our parameters are ‘hand'
and ‘word', The function would use the letters from the
hand to spell out word and return @ new hand that only
contains the remaining letters.

NMote that when we write our code, it does not assume
that the hand contains every letter in our word at least
as many fimes as the letter appears in the word. I the
letters in the word dont appeear in hand, ’rheg should be
Bnoreo\. € the user uses a letter more fimes than it is in
the hand, the result should not be negative. \nstead, the
count for the letter in the hand should be set to o



Because our o\‘\cﬁonarﬁ onlxj contains lower case letters,
we must ensure that the word the user inputs is
converted into lowercase letters before '\m\olemen’red. To

do this, we set word = worddower.

Before we update the hand, we want to make a copy of
the origing| hand so we do not alter the origing| hand. This
is because we wil be using the original hand later on. Using
new_hand = hano\.coPaO, we now have a copy of the hand
that we will update.

To update the hand, we wil be subtracting the letter
count b3 one i€ the letter has been used and keep it the
same otherwise. we wil do this b3 us'\nj the for loog.

for letter in word:
if letter in new_hand:

\€ the letter is in the hand, then we have to determine
whether or not the number of times the letter has
appeared in the hand is greater than or equal to one. & it
ig, then we wil subtract & count, Remember the count
should never be negative. This can be done with the “.ﬁe’r( )

Lunction.



our code should ook like this.

for letter in word:
if letter in new_hand:
if new_hand.get(letter,0) >= 1:
new_hand[letter] = new_hand.get(letter,0) - 1
return new_hand



4.4 Prohlem 3 - Valid Words

This is the third eroblem of this game. we sl haven't written
any code to ver‘\% that a word gven by a plager obeys the
rules of the game. A valid word is in the word list and it is
composed Qnﬂ(‘ela of letters £rom the current hand. we wil be
implernenting the is_valid_word function and test it

\n the function is_valid_word, it should return True i€ the
word is in the word_list and it is enﬁrelkj composed of
letters in the hand. otherwise, it wil return Falee, To do this,
we have to first determine € the word is in the word list
and then determine i€ the word is in the hand.

is_valid_word

This function will take in the parameters word, hand and
word_list because those are what we wil be using in this
Lfunction. cur word list 3enera‘res al the words in lowercase
letters, To compare whether or not our word is in this word
list, we must first ensure our word is written in all lowercase.

we can do this \33 se’rﬂnﬁ word = wordJdower().



Just like what we have done before, we must make a copy
of our hand before we alter its information. This is done by
setting new—_hand = hano\.coeﬁ( ). Now we can compare our
word to the words in the word list, \¢ the word is in the word
list, then we wil determine whether the word is in the hand.
This is done by comparing every letter of the word to the
letters in the hand. 't will be easier i we write a separate
code for this, \§ the word is not in the word list then we wil
return False.

our code should look like this so far.

def is_valid_word(word, hand, word_list):
word = word.lower()
new_hand = hand.copy()
if word in word_list:
return is_word_in_hand(word, new_hand)
else:
return False

Motice that we have not written the function
is_word_in_hand. That is what we wil be o\o'\nﬁ next.

\s_word_in_hand wil hel(a us determine whether or not all
of the letters in the word are in the hand.



The parameters of this function are the word, and also
the new_hand. Recall that in is_valid_word, we made a
copy of the hand. Since this function is 90y to be run
within is_valid_word, we can use that as our parameter,

\n this function, we must first determine whether or not
every letter is in the hand. € the letter is not in the hand,
we simply return False. \€ the letter is in the hand, then
we update the value of the letter ¢chow many times it
appears in the hand) by subtracting it by one, similar to
how we did it in update _hand.

The first loop we write is the “Cor" loop: for every
letter in the word.. The next condition is the “i€..
else... condition . \§ the letter is not in the hand, then

we return False.,

def is_word_in_hand(word, new_hand):
for letter in word:
if letter not in new_hand:
return False
else:



'€ the letter is in the word, then we update the value
of the letter, This is done bfj sub’rrac’r\nﬁ one to the
value i€ the value is greater than or equal to one and
re’rum'\nﬁ TFalse i€ the count is less than one.

else:
if new_hand.get(letter,0) >= 1:
new_hand[letter] = new_hand.get(letter,0) - 1
else:
return False

our code for is_word_in_hand should look like the Qollow'\nﬁ
when we are done with Problem 3

def is_word_in_hand(word, new_hand):
for letter in word:
if letter not in new_hand:
return False
else:
if new_hand.get(letter,0) >= 1:
new_hand[letter] = new_hand.get(letter,0) - 1
else:
return False
return True



4.9 Problem 4 - Wildcards

During this 9ame, we want to allow hands to contain wildcard
letters that players can use to replace & vowel This is =0
the player can more Qex\blﬁ create a word of their choice. A
widcard letter wil be denoted by an asterisk () and can
OMLY replace vowels. The player won't receive any points Lor
using the widcard +hou3h it does count as a used or unused
letter when scoring, This is the drawback of using wildcards,
but in & larger scope, it is beneficial to the player.

when Playing the g9ame, & player who wants to use a widcard
should enter the asterisk instead of the intended letter, The
word-validation code shouldnt assume what the vowel will be,
but rather ver'\?\j that at least one word can be made with
the wildcard as a vowel in the desired position.

To do this, we will be eo\'\’r'\nﬁ the function is—_valid_word
and the heleer function we wrote for is_valid_wora:
is_word—_in_hand. So £ar, is_valid_word lets us know &
the word (that only consists of letters) is a valid word. we
wil update it so that an asterisk could make a word
potentialy valid i€ one of the vowels replacing the asterisk
wil create a possible word.



\n our code, we must first determine ik there is an asterisk
in the word. € there is not an asterisk, then we will run the
code of is_valid_word that we have a'“eadtj written,

€ there is an asterisk, then we wil replace the asterisk with
each vowel and see K it is in the word list, € it is in the
word list, then we wil use is_word—_in_hand to determine
whether or not the word i in the hand. once we have done
this, we wil return whatever value is_word_in_hand gves
us, whether it is True (i€ the word is in the hand) or False
(€ the word is not in the hand). € the word is not in the
word list, reaning the vowel replacing the asterisk wil not
create a valid word, then we 90 Jrh\‘oUBh the loop 3gain to try
another vowel. once all of these vowels are tried will the
loop end.

if "™*" in word:
for vowel_letter in VOWELS:
new_word = word.replace("*", vowel_letter)
if new_word in word_list:
return is_word_in_hand(word, new_hand)

our ‘elee" statement is for i€ there is not an asterisk in
the word.



\€ there is not an asterisk, then we wil run the code that we
wrote initially Lor is_valid_word. Putting them +03e‘rher, we
get the £inal code for is_valid_word.

def is_valid_word(word, hand, word_list):
word = word.lower()
new_hand = hand.copy()
if "*" in word:
for vowel_letter in VOWELS:
new_word = word.replace("*", vowel_letter)
if new_word in word_list:
return is_word_in_hand(word, new_hand)
else:
if word in word_list:
return is_word_in_hand(word, new_hand)
else:
return False

Now we have to moo\'\?\j our heleer function is_word_in_hand
g0 it consists the asterisk condition as well For every letter
in the word, i€ the letter is not an asterisk, then we run our
code to determine i€ the letter is in the hand.

def is_word_in_hand(word, new_hand):
for letter in word:
if letter 1="*":
if letter not in new_hand:
return False
else:
if new_hand.get(letter,0) >= 1:
new_hand[letter] = new_hand.get(letter,0) - 1
else:
return False
return True



The last part we need to update for our widcard code is
the deal_hand function. Recal that this is one of the
functions that has alreao\&j been provided for us. cur
instructions tell us to moo\‘\f:‘:j the deal_hand function to
support always giving one widcard in each hand. Note that
deal_hand currently ensure that one third of the letters
are vowels and the rest are consonants, Leave the
consonant count the same and replace one of the vowel
slots with the wildcard. You wil also need to moc\'\% one or
more constants defined at the top of the file o account
for widcards,

we do this by setting the hand = "'4¢, This ensures one
asterisk in each hand, Now we must subtract the number
of vowels b\j one because the asterisk accounts for a
vowel. our £inal updated code should look as follows.

def deal_hand(n):

hand={"":1}
num_vowels = int(math.ceil(n / 3))

for i in range(num_vowels-1):
x = random.choice(VOWELS)
hand[x] = hand.get(x, 0) + 1

for i in range(num_vowels, n):
x = random.choice(CONSONANTS)
hand[x] = hand.get(x, 0) + 1

return hand



4.6 Problem 3 - Playing a hand

Mow that we have the heleer codes, we can write the
function that wil allow the user to play out a singe hand.
Before we do this, we must first write the helper function
caleulate _handien, which wil return the number of letters in
the current hand.

calculate _handelen

This function will hele us determine the fotal number of
letters that are in our current hand, Remember that our
hand is a o\'\c’r\or\artj with the values be'\nﬁ how rmany times
each letter appears. To determine. the total |en3+h of our
hand, we must add up all these values.

The parameter of this function is the hand because that
i what we are using to determine the total Ienﬁ’rh of the
hand, we can determine the ler\3+h by ao\o\“\nj each letter's
value into this count. when we first run the function, the
har\d_lenﬁ’rh is 0. Then, for every letter that is in the hand,
we update the hano\,lenﬁﬂw to be the sum of the current
hand_lenﬂ’rh and the value of the letter, Remember to get
the value of the letter, we must ensure the letter is
lowercase, hence letterlower(). once all of the letters
have gone ’rhrouﬁh this loop, we will return the hand.



our code {or calculate _handien should look as follows:

def calculate_handlen(hand):
hand_length =0
for letter in hand:
hand_length = hand_length + hand.get(letter.lower(), 0)

return hand_length

Mow that we have our heleer function readﬁ’ we can play
the hand.

Q ,
e oy Plaﬁ‘hano\ G

The instructions gve us a pseudocode, which is a detailed
ﬁe’r readable o\escr\(oﬁon of what a computer program
should do. we will follow this (aseuo\ocoo\e to write the actual

code of our program.

The first ’rh'\nﬁ our Pseuo\ocoo\e says is fo keep track of the
total acore. we can set the total_score = o to beﬁ‘\n with
because there is no value for the total score to beﬁ‘\n with,

To make our code easier to read, we can set the number
of letters in the hand, or calculate _handlenchand), to n. \n
other words, n = calculate _handienchand), Now when we

want to use this function, we can Just call o,



The next pseudocode tells us to o\‘\s(olatj the hand, so we
will call the o\'\s(olaaﬁhano\(hano\) function. The '‘end ="' " in
the erint current hand section is so that ‘current hand"

and the hand wil be on the same row.

Remember to make a copy of the current hand so we
don't alter it. we wil be u(ao\aﬂnﬂ the hand when the user
guesses a word to what is remaining, Then, we wil let the
User guess another word i€ ’rhe&j wish., our instructions tell
us that the user can £inish playing the hand bﬂ '\npu’rﬂnﬁ two
exclamation points I' instead of a word. otherwise, i€ the
hand is not empty ¢ the number of letters in the hand is
greater than 0), we will run this loope.

There are two ways for our code to stop. Either the user
stops it with "I' or there are no more letters in our hand.
Because of this, | wil let the stop_value = 1 fo beﬁ‘m with
and when the stop_value is o, our code wil stop. This is
the most simple way fo program our code to end.

def play_hand(hand, word_list):
n = calculate_handlen(hand)
total_score =0
print("Current hand: ", end="")
display_hand(hand)
current_hand = hand.copy()
stop_value=1



The pseudocode uses the “K..else’ conditions to determine

what to do. we can also use the ‘whie" loop for another way
of +h'\r\k‘\r\3 about the same eroblem. Both Wways work, but Lor
this gere we wil be using the ‘whie" loop. & You would like to
use the “iK.else” conditions, Yyou can follow the pseudocode in

the instructions.

while the stop_value is not o, then we wil ask the user to
input @ word. To do this, we use the input function and
type what we want to be erinted in quotes.

def play_hand(hand, word_list):
num_letters = calculate_handlen(hand)
total_score =0
print("Current hand: ", end="")
display_hand(hand)
current_hand = hand.copy()
stop_value=1
while stop_value != 0:
input_word = input("Enter word, or ! !' to indicate that you are finished: ")

The user wil input some’rh'\nﬁ and we have to determine
what to do with the input. I€ the input is not 'I' Then we wil
run the code to determine i€ the word is a valid word, To
do this, we wil call is_valid_word, Remember the
parameters for this function is Cword, hand, word_list). \n
our case, when we are caling this function, we are comparing
the input_word with the current_hand and the word_list.



while stop_value = 0:
input_word = input("Enter word, or 'l !" to indicate that you are finished: ")
if input_word !="1":
if is_valid_word(input_word, current_hand, word_list):

€ the word is a valid word, we will erint out the score of the
word, Wwe 3e+ the total score b\j ao\o\'\nﬁ each of the scores of
the words +o3€+her. Because the user can guess multiple
words, our total score should be updated to contain the value
of the new words Suesseo\ by the user, our total_score =
3e’r‘woro\‘score( input_word, num_letters) + total_score.

Now that we have the total score, we will erint it out for the
Plaﬁer to see, ug'\nﬁ the erint function we are 30\03 to erint
out the sentence that says “our input word® eared xxx

points. Totak xxxxx Po\n’rs.“

After we have this, the current hand wil be updated using the
update _hand £unction. We can now erint out our current hand
and the user is able to guess another word by going +hrou3h
this loop 3gain. We will want to o\\s(alatj the hand to the user
and let the user know that this is our current hand, Because
of this, we wil call printC'Current hand’, end = ') so that the
current hand o\\s(alageo\ wil be on the same row as its label,



i€ the input word is not & valid word, the we will erint out “That
is not a valid word. Please choose another word.'

while stop_value != 0:

input_word = input("Enter word, or ' ' to indicate that you are finished: ")
if input_word !="1I":

if is_valid_word(input_word, current_hand, word_list):
total_score = get_word_score(input_word, num_letters) + total_score

print(input_word, "earned", get_word_score(input_word, num_letters), "points. Total: ", total_score, "points." )
current_hand = update_hand(current_hand, input_word)
print("Current hand: ")
display_hand(current_hand, end="")
else:

print("That is not a valid word. Please choose another word.")

we have another €' condition which determines i€ the input is
i reaning the user would fike to be finished. \§ the user's

input is I we wil simply print out the total score for the hand
and set the stop_value to o. when the stop value is o, we wil
be out of this while loop and can end the game.

whfI; stop_value != 0:

input_word = input("Enter word, or ' !' to indicate that you are finished: ")
if input_word !="1I":
if is_valid_word(input_word, current_hand, word_list):
total_score = get_word_score(input_word, num_letters) + total_score

print(input_word, "earned", get_word_score(input_word, num_letters), "points. Total: ", total_score, "points." )
current_hand = update_hand(current_hand, input_word)
print("Current hand: ")

display_hand(current_hand, end="")
else:

print("That is not a valid word. Please choose another word.")
else:

print("Total score for this hand: ", total_score, "points.")
stop_value = 0

As we can see, we have set the stop value to o, which means the

ame wil end. This is one of the 2 possible waus to end the
N = J
3ame.



The second way is i€ there are no more letters in the hand.
our next code wil determine what to do i€ the Ienﬁ’rh of our
hand becomes o, \§ there are no more letters in the hand, our
game will end. we wil erint out "Ran out of letters’ and the
total score, After that, we wil set the stop value fo o,
'\no\'\caﬂnﬁ 3 way out of the whike loop.

once our wild loop is finished, we will return the fotal
score, as that is the output of this function.

our €inal code should look as {ollows:

def play_hand(hand, word_list):
num_letters = calculate_handlen(hand)
total_score =0
print("Current hand: ", end="")
display_hand(hand)
current_hand = hand.copy()
stop_value=1
while stop_value != 0:
input_word = input("Enter word, or 'l !' to indicate that you are finished: ")
if input_word !="11":
if is_valid_word(input_word, current_hand, word_list):
total_score = get_word_score(input_word, num_letters) + total_score
print(input_word, "earned", get_word_score(input_word, num_letters), "points. Total: ", total_score, "points." )
current_hand = update_hand(current_hand, input_word)
print("Current hand: ")
display_hand(current_hand, end="")
else:
print("That is not a valid word. Please choose another word.")
else:
print("Total score for this hand: ", total_score, "points.")
stop_value = 0
if calculate_handlen(current_hand) == 0:
print("Ran out of letters. Total score: ", total_score, "points.")
stop_value = 0
return total_score



Now that we have this, we can test our code to make sure
it works, At the bottom of PS3pY We can make sure the
play—game. is coramented out and write .a code to run play
hand.

hand ={"a"1, 'm"1, 't"1, 'n"1}

if _name__=="'__main__"
word_list = load_words()
play_hand(hand, word_list)
#play_game(word_list)



4.1Probiem 6 - Playing a Game

Now that we know how to play a hand, we wil add this
+oge+her to plaY & game. Playing & game consists of playing
multiple hands and we wil need to implement 2 more functions
to complete our word game. These two functions are
substitute _hand and play—game.

p O M Substitute Hand R,

This function will allow the user to replace all copies of
one letter in the hand with a new letter chosen from the
alehabet at random. The new letter should be dikkerent
from the user's choice and should not be any of the
letters alreao\a in the hand. € the user erovides a letter
not in the hand, the hand should be the same. The first
+h'\r\3 we must do is determine what letters are in the
hand and also what the avaiable letters are. This is
because we cannot choose fo replace a letter i it is
alreao\&) in the hand. cur available letters should only
contain letters that were not (orev\ousla in the hand. we
can set two sub functions for substitute hand:
letters_in_hand and get_avaiable _letters,



1a) 3e+‘ava‘\lable‘|e++ers

As we have mentioned before, this helper function is to help
decide which letters the user can choose from ‘rh@3 decide
to substitute a letter, These available letters should be all of
the letters that are not in the current hand. we can write this
Lunction 53 comparing every letter in the alchabet to the
letters of the hand, i€ the letter is not in the hand, then we wil
add it into the avaiable letters,

The parameter of this function is the letters_in_hand, or the
letters that are in the hand. we can £irst set the

1)

available _letter = 7 because there are currently no available
letters when we beﬁ‘un. For every lefter that is in the
lowercase string of letters, or stringascii_lowercase, i€ the
letter is not in letters_in_hand (i€ the letter is not in the
hand), then we wil update available _letters o add that letter,

once we have this, we wil return the available _letter string,

def get_available_letters(letters_in_hand):
available_letter =""
for letter in string.ascii_lowercase:
if letter not in letters_in_hand:
available_letter = available_letter + letter
return available_letter



w0 Ab) letters_in_hand

Nofice that we used letters_in_hand, which was supposed to
gve us the letters that are in the current hand., we now have
to write this heleer function. The parameter wil be the hand
because we are de’rerm\n\nﬁ what letters are in the hand.

we must write this extra function instead of Just using hand
because remember that hand is a o\'\cﬂonartj and we are
comparing letters, so we must use & string, This means we
must receive the "kea" values of the hand dictionary, or the
letters in the hand, and turn that into a sfring, We can do
this by €irst letting hand_letter = " and add in all of the
keys in the hand to hand_letter,

For every letter in hano\.keﬁso, for every letter that i in the
hand, we wil update hand_letter to also contain that letter.
Finally, we will return hand_letter,

def letters_in_hand(hand):
hand_letter =""
for letter in hand.keys():
for j in range(hand|letter]):
hand_letter = hand_letter + letter
return hand_letter

Now that we have there, we can write substitute _hand.



As dways, we must Lirst make a copy of our hand before altering
it with substitute hand, we wil first determine the possible letters
to choose {rom. we can do this by setting possible_letters to
get—avaiable letters with the parameter of letters_in_hand. Mow
that we have this, the letter the geme uses fo substitute is &
random letter from the list of possible letters. From this, we can get
the new hand with the substitute letter by u(ao\aﬁnﬂ new hand with
the substitute letter, Mow that we have this we set new hand to o
and then return the new hand.

def substitute_hand(hand, letter):
new_hand = hand.copy()
possible_letter = get_available_letters(letters_in_hand(new_hand))
substitute_letter = random.choice(possible_letter)
new_hand[substitute_letter.lower()] = new_hand.get(letter.lower(),0)
new_hand|letter.lower()] = 0
return new_hand

'Plav ﬁame v

n the play game function, we allow the user to play & series of hands.
It ficst asks the user to input & fotal number of hands and then
accumulates the scores for each hand into a total score for the entire
series. Finally, it returns the fotal score for the series of hands.

For each hand, before playing we ask the user i€ ’rheﬁ want to
substitute one legged for another. I the user inputs "36&", then ask
them for their desired letter, This can only be used once o\u\‘\nﬁ the
geme. once the substitute hand option is used, the user should not
be asked i€ they want to substitute letters in the future.



For each hand, we also ask the user ik ’rhetj would ke to replay
the hand. i the user inputs, yes, ﬂ"efj Wil replay the hand and
keep the better of the two scores for that hand. This can only be
done once o\ur‘\r\3 the game. once the replay option is used, the
user should not be asked +he3 want to replay future hands.
Replaying the hand that does not count as one of the total number
of hands the user initially wanted to play.

\& Jou replay the hand, You do not get the option to substitute a letter.

To write this function, we can see that the play game function is
going to take in word_list, To ask the user for to input the total
number of hands, we use the input function and label it by saying
‘Enter total number of hands', Because the result of this is a
whole number, we can ensure this bg mak'\nﬁ the result an \n’reﬁer.
we're also going to set this to num_hands so we can use this
number in the futuce,

Because You can only replay the hand once, we are 90ng to
create a re‘olatj‘oPﬂon and set it to 4. once this re@av option
becomes o we wil no lonser show the repla\j option.

def play_game(word_list):
num_hands = int(input("Enter total number of hands: "))

replay_option = 1



Because it wants us to accumulate the score for each hand into a
total score for the entire series; we wil be u(ao\aﬂnj the total score. To
do this, we're going to let the total score first equal 2ero. From there,
we will accumulate the total score based off the score for each hand.

For however rnany hands we have, we are going fo deal_hand using the
hand size, Then we are going fo print out the hand so the user knows
what letters they can use. we want to label this as "‘Current hand” but
with the hand on the next row so it's more clear. To do thig, we wil
printC'current hand: ' end ="' ). Then we can display the hand.

def play_game(word_list):

num_hands = int(input("Enter total number of hands: "))

replay_option = 1

total_score = 0

for i in range(num_hands):
hand = deal_hand(HAND_SIZE)
print("Current hand: ", end = ' ')
display_hand(hand)

once the user has their hand, we must ask ¥ +h83 would like to
substitute a letter, this is going to be an input and we can set the result
of this o ask_substitute because we were going to use the result in
the future, € the user answers "385", then we have to ask which letter
’rhe\j would like to replace and this is also going to be an input. We are
going to use the answer of this input later so we're going to set this
result to letter”, Using etter’, we are going to update the hand with the
replaced letter.



Now we can calculate the hand score, we know that i€ we play the
hand, it gves us a hand score so we're going to play the hand with
the hand and the word list as its parameters. Then, we can update
the total score to be what the total score used to be plus the
updated hand score.

This was i€ the user wanted to substitute the letter, & the user
did not want to substitute a letter, then we allow the user to Py
the hand and we Just have to calculate the hand score and total
score just fike we did above.

if ask_substitute == 'yes':
letter = input("Which letter would you like to replace: ")
hand = substitute_hand(hand, letter)
hand_score = play_hand(hand, word_list)
total_score = total_score + hand_score
else:
hand_score = play_hand(hand, word_list)
total_score = total_score + hand_score

As we mentioned before, we can only replay the hand once. The
replag‘oPﬂor\ is 1 to beﬂ’\r\ with and -should turn to o once it has been
used. € the replay—_option is 1 then we can ask the user whether or not
’rhea want to substitute the hand, we are also going to use the answer of
this input so we're going to set this input equal to replay, \€ the answer is
s then we're geing to allow the user to replay the hand and set the
score to replay—_score, This is because we are 9079 to take the 3rea’rer
score £rom the replay score and the or’\ﬂ'\r\al score, € the replay score is
greater than the original score, then we're going to update the total score
to be the fotal score plus the replay score minus the hand score. Then
we wil set the replay option to o.



Finally, we wil tell the user what the total score is and erint out ‘the
total score overal hands: ' and the total score.

Now we can eut this al ‘rose’rher and test out our Same! Remember to
char\ﬁe the Platj‘hano\(hano\, word_list) to plaﬂﬁsameCworoLI\sﬂ
because we are no longer just testing the (alaxj_hano\ Lunction, but
rather the play—game Lunction.

def play_game(word_list):
num_hands = int(input("Enter total number of hands: "))
replay_option = 1
total_score = 0
for i in range(num_hands):
hand = deal_hand(HAND_SIZE)
print("Current hand: ", end = ' ')
display_hand(hand)
ask_substitute = input("Would you like to substitute a letter?")
if ask_substitute == 'yes':
letter = input("Which letter would you like to replace: ")
hand = substitute_hand(hand, letter)
hand_score = play_hand(hand, word_list)
total_score = total_score + hand_score
else:
hand_score = play_hand(hand, word_list)
total_score = total_score + hand_score
if replay_option == 1:
replay = input("Would you like to replay the hand?")
if replay == 'yes':
replay_score = play_hand(hand, word_list)
if replay_score > hand_score:
total_score = total_score + replay_score - hand_score
replay_option = @
print("Total score over all hands: ", total_score)



Relow is an exameple output of what our game should look like.

Loading word list from file...
83667 words loaded.
Enter total number of hands: 2
Current hand: *x uo t s rp
Would you like to substitute a letter? no
Current hand: *x uo t s rp

Enter word, or '!!' to indicate that you are finished: torps
That is not a valid word. Please choose another word.
Enter word, or '!!' to indicate that you are finished: tops

"tops" earned 114 points. Total: 114

Current hand: *x u r

Enter word, or '!!' to indicate that you are finished: rxu
That is not a valid word. Please choose another word.
Enter word, or '!!' to indicate that you are finished: uxr
That is not a valid word. Please choose another word.
Enter word, or '!!' to indicate that you are finished: rux
"rux" earned 18 points. Total: 132

Current hand:

Enter word, or '!!' to indicate that you are finished: !!
Total score for this hand: 132

Would you like to replay the hand?no

Current hand: * aonrpyv

Enter word, or '!!' to indicate that you are finished: I






9.1Getting Started

In this Eroblem set, we wil be using our knowleo\ﬁe of recursion and
solv‘mg problems, This eroblem has two pearts, The first part alows
You to process ’rh'\n\dnﬁ about problems in & recursive fashion, and
the second part wil gve you experience ’rh\n\dnﬁ about eroblems in
terms of classes. First, download eroblem set four £rom MIT open
courseware  and make sure all the files are saved in the same
Lolder,

This eroblem says it broken down into three sections. \n psUapy
You will write & recursive function that takes as input a err‘mS and
?\Sures out all the possible re—oro\er\nﬁs of the characters in the
string. what this means ig, You will write a function that defines all
the mutations of a gven sequence of letters,

The second part consists of 2 sections. In PS%'P‘j’ You will use
ob\‘)ec’r oriented Programm\nﬁ to write a Caesar C\Pher. 0 PS(*C'P‘j
You will use object oriented programming to write & very simele

substitution c\Pher.

As always, don't rename any of the fies and make sure to keep
all of the fies in the same folder,



9.2 Part A - Permutations of a String

A permutation is simply & name for a re—oro\er'\nﬁ. So the
presentations of the string ‘abe" are ‘ack') "bac’, "oca’ ‘cab’) ‘cba’,
Know that & sequence is a presentation of itsek. For this eroblem
set 3ou'l| need to write a recursive function get—permutations that
takes a s’rr\nﬁ and returns a list of all'its permutations.

A few requirements are that You must use recursion, and please
avoid returning duglicates in Your final list, ﬁo\o\\ﬂonalltj, it is oK to
use loops fo code the solution and the order of the returned

permutations does not matter,

) SUSSQS’(QO\ aPPFOaChO

while there are multiple ways fo solve this eroblem, here is a
su3363+ed approach. \n order fo solve any recursive probler, we
must have at lkast one base case and a recursive case or cases,
The base case is the simplest input we could have. For this
approach, our base case is ik sequence is a single character,

For sequences longer than one character, we need to '\o\enﬂ?ﬁ a
simple version of that eroblem. when that is solved, it should hele us
easiy find all permutations for sequence.



The Pseudocoo\e below Slves us what a(a(aroach to
reeurs‘welg solv'\nﬂ this problem.

GQven an ‘\n(ou’r s’rr‘\nﬁ sequence:
Base case:

€ sequence is a singe character, there's only one way to order it

Return a s‘mﬁle list cor\’ra'\n‘mﬁ sequence

Recursive case:

Supposeo\ we have a method that can 3‘\ve us a list of
all permutations of all, but the first character in
sequence. (Think recursion)

Then the permutations of all characters and
sequence would be all the difkerent Wways we can
insert the first character into each permutation of
the remaining characters

we're So\nﬂ to. implement the Se’r_(aermu’raﬂon( sequence) function
£found in PS‘«E.PS accoro\‘mﬁ to the s(aec'\?\caﬂons in the doc s’rr‘\n\cj.

Then we will write three test cases for our function to make sure it
works.

we wil be 30\03 off the Pseuo\ocoo\e and make it into actual code
so that it can run in the function.



First) we were writing the base case, which is i sequence is a
singe character and there's only one way to order it

def get_permutations(sequence):
if len(sequence) == 1:
return sequence

Next, we will write the recursive case. First, we define the
permutations list which is an em‘o’r\j list in the beﬁ‘\nr\‘\nﬁ. Then we
'\o\er\ﬂf&j the first character in the sequence, which has a index of o.
Now we will write the code for the permutations of all characters in
sequence except the first character, we do this bg '\nserﬂnﬁ the
ficst character into all of the permutations of the rest of the s’n“\nﬁ.

else:
permutations = []
sequence_0= sequencel0]
sub_permutations = get_permutations(sequence[1:])
for original_string in sub_permutations:
for j in range(len(original_string)+1):
result = original_string[:j] + sequence_0 +
original_stringl[j:]
permutations.append(result)
return permutations



Now that we have the code for this function, we can write the test
case for it \n —_name__ =="'__main__, we wil write three test
cases for it we wil erint out the input, expected output, and actual
output. To make wr\ﬂng the test case simpler, limit Your inputs to
be three characters or fewer, as You wil have ol permutations for
a sequence of Ienﬂﬂw o

we can write the test cases to have three characters, two
characters, and one character, This is g0 we hawe a var\e‘rtj of
test cases,

if __name__ == '__main__"':
input_1 = 'cde'
print("input: ", input_1)
print("expected output: ", ["cde", "ced", "dce", "dec", "ecd", "edc"])
print("actual output: ", get_permutations(input_1))

input_2 = 'ms'

print("input: ", input_2)

print("expected output: ", ["ms", "sm"])
print("actual output: ", get_permutations(input_2))

input_3 = 'k'

print("input: ", input_3)
print("expected output: ", ["k"1)
print("actual output: ", get_permutations(input_3))

Now, we can run this code and test our function.

on the next P92 is an exampele of what the output should
look like.



input: cde

expected output: ['cde', 'ced', 'dce', 'dec', 'ecd', 'edc']
actual output: ['cde', 'dce', 'dec', 'ced', 'ecd', 'edc'l]
input: ms

expected output: ['ms', 'sm']

actual output: ['ms', 'sm']

input: k

expected output: ['k']
actual output: k



© 3.3 Part B - Gaesar Gipher >

Caesar cigher is a way to encr\j(o‘r MeSSages and o\ecrﬁp’r MeSSages
bfj P\ck\nﬁ an \n‘reﬁer and sh'\?ﬂnﬁ every letter of Your message b3
that integer. But Lirst, we wil review some vocabulaﬂ:j.

Encryption - the process of obscuring or encoding messages to make them
unreadable

Decryption - making encrypted messages readable again by decoding them
Cipher - algorithm for performing encryption and decryption

Plaintext - the original message

Ciphertext - the encrypted message. Note: a ciphertext still contains all of

the original message information, even if it looks like gibberish.

we will treat uppercase and lowercase letters ‘\no\'\v'\dualltj, so that
uppercase letters are alwaye mapped to uppercase letters, and
lowercase letters are alwaﬁs mappeo\ to lowercase letters, & an
uppercase letter maps fo 'A' then the same lowercase letters
should map to 'a", Punctuation and spaces should be retained and
not chanﬁeo\. For example, & plaintext message with & comma should
have a corres(aono\'\nﬁ cipher with & comma in the same. position.

Examples:
plaintext shift ciphertext
‘abcdef” 2 ‘cdefgh’
‘Hello, World!" 4 ‘Lipps, Asvph!’
b any value >




We will be using dasses in our code. we wil have a Message class
with two sub classes, PlaintextMessage and C\Pherfex’rhessaﬁe.
Message contains methods that could be used to 3pply & cipher to a
string either to encrypt or o\ecrxj‘o‘r 8 message. Caesar cipher
o\ecrﬁp’rs and encrypts with' the same - action. PlaintextMessage has
methods to encode a string using & specikied shift value. our class
will always create an encoded version of the message and. we wil
have method for chanﬁ’mﬁ the encoo\'\nﬁ. C\pher’rex‘rﬁessaﬁe containg
the method used to decode a s’rr‘\nﬁ.

when You have completed Your implementation, You can either create
a C\Pher’rex’rﬂessaﬁe instance, us"\nﬁ an encrﬂp’reo\ sfr\nﬁ that someone
provides You and try to o\ecrﬂp’r if; of you can encryet Your own
’Pla\rﬁex‘rnessaje instance, then create a C\PherJrex‘rHessaﬂe instance
from the encrﬁp’reo\ e ssage within the PlaintextMessage instance,
and try to o\ecr\j(a’r it and see i€ it matches the original plain text
mQS&éﬁQ.

Your job will ke to Ll in the methods for all three of these classes,
accoro\'\nﬁ to the specifications gven in the o\ocs’rr\nj of (as%.(a&. You
do not have to use recursion in this part but \jou're welcome to.
There are a couple of helper functions that we have implemented for
You load_words and is_word. You may use these in Your solution
and You do not need to understand completely but should read the
associated comments. You should read and understand the helper
code and the rest of the file and use it You 3u‘to\e Your solution.



Part 1 Hessaﬁe

Fil in the method of the message class found in pSUe.py accoro\‘mﬂ to
the specifications in the o\ocsfr\nﬁ. First, we must initiaize & message
object. The rMeesage object has two atiributes, sel?.messaﬂe_fe%r
and the selvalid_words

def __init__(self, text):
self.message_text = text
self.valid_words = load_words(WORDLIST_FILENAME)

The 3ef‘va|\o\\woro\5( 2elf) should return an immutable version of the
message fext we added to this object in init. Luckily, strings are
alreao\tj immutable objects, so we can simply return that string, This
is used fo access sel?.messaﬂe\’rex’r outside of the class. Wt should
return SQIQ.messaﬁe_Jrext

def get_message_text(self):
return list(self.valid_words)

Next, ﬁe’r_va\lo\_woro\s( sel) should return a copy of selvalid_words
to prevent someone £rom acc"\o\en’rallﬂ mu’raﬂns the orlﬁ"\nal list,

def get_valid_words(self):
return list(self.valid_words)



The build_shift_dict(self, shifh) should create a o\'\cﬂor\artj that can be
used to apply & cipher to a letter, The o\\cﬂor\arﬁ M3ps every
uppercase and lowercase letter to a character shifted down the
alehabet by the input shict. The o\\c’r'\onarﬁ should have 52 keys of all
the uppercase letters, and all the lowercase letters only, Sh\€+(\n+e3er):
is the amount \33 which to shict every letter of the alphabet. This
should range from o to 26. This function should return ao\o\\ﬂonallﬁ
map(a\nﬂ a letter to another letter,

def build_shift_dict(self, shift):

shift_dict = {}

for char in 'abcdefghijklmnopqrstuvwxyz':
shifted_char = chr((ord(char) - ord('a') + shift) % 26 +

ord('a'))

shift_dictl[char] = shifted_char
shift_dict[char.upper()] = shifted_char.upper()

return shift_dict

The a(aplﬂ_sh\?’r( sel shift) function applies the Caesar cigher to
sel?.messaﬂe_’rex’r with the input shifts. It creates a new string that
i sel?.messaﬁe\’rex’r shifted down the alchabet by some number of
characters, determined by the input shit. Returns the message text
in which every character is shifted down the alphabet by the input
shict,

def apply_shift(self, shift):
shift_dict = self.build_shift_dict(shift)
shifted_text=""
for char in self.message_text:
if char.isalpha():
shifted_text = shifted_text+shift_dict[char]
else:
shifted_text = shifted_text+char
return shifted_text



Part 2 ’Pla‘\n’rex’rﬁessaﬁe

Fil in the methods of the ’Pla\n’rex’rﬁessaﬁe class found in \osqb.(33
accoro\\nﬁ to the specifications in the o\ocs’rﬂnﬁ.

—_init—_(sel, text, shikh initializes a PlaintextMessage object. This
object inherits £rom message and has five attributes,

self.message_text (string, determined by input text)

self.valid_words (list, determined using helper function
load_words)

self.shift (integer, determined by input shift)

self.encryption_dict (dictionary, built using shift)

self.message_text_encrypted (string, created using shift)

def __init__(self, text, shift):
super().__init__(text)
self.shift = shift
self.encryption_dict = self.build_shift_dict(shift)
self.message_text_encrypted = self.apply_shift(shift)

The Sef_sh'\ﬁ( el function is used to sa&‘eltj access selshift
outside of the class. \t should return seif.shict.

The 3e+_encr3(aﬁon_d\c’r( el is used to sa?eltj access a copy of
sel?.encrtj‘aﬂon_d\c’r outside of the class. \t should return a copy
of sek?.encr\j(aﬂon_d\d.

def get_shift(self):
return self.shift
def get_encryption_dict(self):
return dict(self.encryption_dict)



The 3e+_messaﬁe_+ex+_er\crﬁp’reo\(se@ is used to sa?elxj access
sek?.messaﬁe_mxter\crﬁp’reo\ outside of the class. \t should
return sel?.messaﬂe_+e><’r_encr3(a+ed.

def get_message_text_encrypted(self):
return self.message_text_encrypted

The chanﬁe_sh'ﬂ(sel?, shifh) chanﬁes seltshift of the
’Pla'\n’rex’rﬁessaﬁe and u(ao\a’res other attributes determined btj
shict \t should return no’rh'ms.

def change_shift(self, shift):
self.shift = shift
self.encryption_dict = self.build_shift_dict(shift)
self.message_text_encrypted = self.apply_shift(shift)

Part 3 C'\Pher’reerHessaje

Gven an er\crﬁp‘reo\ MR SSAqe, i€ You know the ohift used to encode
the MR SSAqe, o\ecoo\\n3 it i essential. Message is encr\j(a’reo\
Messaqe, and s is the shift used to encrypt the MRSS3qe, then
a(opltj‘sh\%‘( MESSaqe, 16-9) gves You the original Elain text message.
Tl in the method of the C’\Pher’rexmessaﬁe accoro\\nﬁ to the
specifications in the o\ocsmnﬂs.

——init__(selk text) initializes a C\Pher’rex’message object.

def __init__(self, text):
super().__init__(text)



o\ecrﬁp’r‘messaae( e o\ecrﬁ(o’rs sek@.messaﬁe"r@d 53 +r3‘m3 every

possible shitt value and ‘v‘\no\'\nﬁ the best one. we wil determine the

best one as a shift that creates the maximum number of real words
when we use apptg_sh\GCsh\f:"r) on the mMessage text, Note that i€

rulficle shifts are equalltj 3000\ such that +h63 all create the maximum

number of words, You may choose any of those shifts, This function

should return a tuple of the best shit value used to dec“&j?* the
message and the o\ecrtj(ﬁeo\ rMessage text us'\r\3 that shitt value,

def decrypt_message(self):

best_shift = @
max_valid_words = @
decrypted_message = ""
for shift in range(26):
decrypted_text = self.apply_shift(26-shift)
valid_words_count = sum (word in self.valid_words for word in decrypted_text.split())
#print(valid_words_count, max_valid_words)
if valid_words_count > max_valid_words:
max_valid_words = valid_words_count
best_shift = 26 - shift
decrypted_message = decrypted_text

return best_shift, decrypted_message

Part & ‘res‘r'\nﬁ

Now we can write two test cases for ’Pla\n’rex’rﬁessaje and two test
cases for C‘u(aher’rexmessaﬁe. used to o\\s(alaﬁeo\ the input;, expected

output, and actual output, Below is an example we can test with.

if

amain

__name__ ==
plaintext = PlaintextMessage('hello', 2)

print('Expected Output: jgnnqg')

print('Actual Output:', plaintext.get_message_text_encrypted())

#Example test case (CiphertextMessage)

ciphertext = CiphertextMessage('jgnnqg')
print('Expected Output:', (24, 'hello'))
print('Actual Output:', ciphertext.decrypt_message())



Below i an example of what the output should look like.

Loading word list from file...
55901 words loaded.

Expected Output: jgnng

Actual Output: jgnnqg

Loading word list from file...
55901 words loaded.

Expected Output: (24, 'hello')

Actual Output: (24, 'hello')
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9.4 Part C - Substitution Cipher

Substitution cipher is a better way to hide Your messages. In the
approach, You create a hidden coo\'\nﬂ acheme, in which You substitute
a rano\omlg selected letter £or each original letter. The number of
possibiities to fest it You wanted to o\ecr\\j@ substitution cieher
rMessage is much larger than for a Caesar cigher. So for this peroblem,
we are going to just consider substitution cigher in which the vowels
are er\cwj(a’reo\. '

Similar to the Caesar Cﬂpher, we are going to use classes to
explore this idea, we wil have a class with general Lunctions for
hano\l\n3 substitution message of this kind, we will also write a class
with more specific implementation and specification that inherit from

this class.

Part 4. Subﬁessaﬁe

There is a skeleton code for the Qollow\nj method in this class and
Your task is fo implement them.

The __init—__(=selk text) initializes a SubHessaﬁe object. it has two
attributes: sel@.messaﬁe_’rex‘r, selvalid_words.

def __init__(self, text):
self.message_text = text
self.valid_words = load_words(WORDLIST_FILENAME)



3e‘r_messaﬁe_+e><+( 2el) is used to sa?el\j access sel@.messaﬁe_’r@d
outside of the class. \t should return sel@.messaﬁeﬁ’rext

def get_message_text(self):
return self.message_text

The 3e‘r_val'\d_woro\s(sel© it used to safc‘ela access & copy of
selvalid_words outside of the class. This helps You avoid acc'\o\er\’rau\j
mu’ra‘r\ns class attributes, \t should return a copy of sekwvalid_words.

def get_valid_words(self):
return self.valid_words

The buid_transpose _dict(sel vowels_permutation) creates a
o\'\c’r'\onar\j that can be used to 3pply & cipher to letter, The c\'\cﬂonarﬁ
Maps evertj Uppercase a lowercase letter to an uppercase in
lowercase letter, respectively. Vowels are shufled accoro\'\nﬁ to
vowels_permutation. The first letter in vowels_permutation
corresponds to & the second to e, and so on in the order &, ¢, ) o
w the constants remain the same, The o\\cﬂonar\j should have 52
keys of all the uppercase letters and all the lowercase letters. This
Lunction should return a letter mMapping & letter o another letter.

def build_transpose_dict(self, vowels_permutation):

cipher_dict = {}

for i in range(5):
cipher_dict[VOWELS_LOWER[i]]l= vowels_permutation[i]
cipher_dict[VOWELS_LOWER[i].upper()]=

vowels_permutation[i].upper()

for i in range(21):
cipher_dict[CONSONANTS_LOWER[i]]=CONSONANTS_LOWER[1i]
cipher_dict[CONSONANTS_UPPER[i]]=CONSONANTS_UPPER [i]

return cipher_dict



appltj_’rrans(aose(sel?, transpose _dict) returns and encrﬁp’reo\
version of the message texd, based on the o\‘\cﬂonartj.

def apply_transpose(self, transpose_dict):
encrypted_word=""
for letter in SubMessage.get_message_text(self):
if letter.isalpha():
encrypted_word = encrypted_word+transpose_dict[letter]
else:
encrypted_word = encrypted_word +letter
return encrypted_word

@ @ Part 2 Encr\j(o’redSubHessaﬁe ~ @

we have a lot of difkerent options for substitutions for the vowels.
As with the Caesar cipher, we can use the tricks of testing to see
i€ the decoded words are real Enﬁl'\sh words. we then keep the
o\eerwﬁ\m that uses the most valid Enﬁl\sh words,

The __init__(sel text) initializes an Encrv(o’reo\Subﬂessaﬁe object.

def __init__(self, text):
super().__init__(text)

decrtjptmessaje(sel&) attempts to o\ecrgp‘r the enchPJreo\ rMessaqe.
The idea is to 9 +hrou3h each permutation of the vowels and test it
on the encrﬁp’reo\ reesaqe. For each permutation, check how rany
words in the encr\j(ﬁeo\ text are valid Enﬁl'\sh words, and return the
o\ecrtj(o’reo\ rMessage with the most Enﬁl'\sh words, \§ no mutations are
found, return the original string, '€ there are multiple mutations that
have the maximum number of words, return any one of them. This
function should return the best o\ecrtjp’reo\ message.



This is done bv 30'\03 ’rhrough al of the different permutation ways
in vowel_permutations and ?mo\'\nﬂ the one with the most valid

words,

def decrypt_message(self):
vowels_permutation = get_permutations(VOWELS_LOWER)
Best_vowels_permutation = vowels_permutation[0]
max_valid_words =0
decrypted_message = ""
num_perm=0
for vowels_permu in vowels_permutation:
num_perm =num_perm+1
valid_words_count =0
decry_dict = self.build_transpose_dict(vowels_permu)
decrypted_text = self.apply_transpose(decry_dict)
#print(num_perm, vowels_permu, decrypted_text)
for word in decrypted_text.split():
word = word.translate(str.maketrans('', '',
string.punctuation))
if word.lower() in self.valid_words:
valid_words_count =valid_words_count +1
#print(valid_words_count, max_valid_words)
if valid_words_count >max_valid_words:
max_valid_words = valid_words_count
Best_vowels_permutation = vowels_permu
decrypted_message = decrypted_text

return Best_vowels_permutation, decrypted_message

Part 2 Tesﬂnﬁ

Now, we can write two test cases for SubMessage and two test
cases for Encr39+edﬁessaﬁe.



Below & an example of a text case.

if __name__ == '__main__':
message = SubMessage("Hello World! I love you!")
permutation = "eaiuo"
enc_dict = message.build_transpose_dict(permutation)
print("Original message:", message.get_message_text(), "Permutation:", permutation)
print("Expected encryption:", "Hallu Wurld!")
print("Actual encryption:", message.apply_transpose(enc_dict))
enc_message = EncryptedSubMessage(message.apply_transpose(enc_dict))
print("Decrypted message:", enc_message.decrypt_message())

we have \')us’r Linished problems set U we have learned recursion and
classes, Below is an examele of the output.

Loading word list from file...
55901 words loaded.
Original message: Hello World! I love you! Permutation: eaiuo
Expected encryption: Hallu Wurld!
Actual encryption: Hallu Wurld! I luva yuo!
Loading word list from file...
55901 words loaded.
Decrypted message: ('eiauo', 'Hello World! A love you!')
Original message: Hello World! I love you! Permutation: uieao
Expected encryption: es thes thi carrict cadi
Actual encryption: Hilla Warld! E lavi yao!
Loading word list from file...
55901 words loaded.
is this the correct code






o- -- 6.1 Getting Started -- o

In this problem set, we wil use obded—or\emeo\ programming to build
a program to monitor news feeds over the \nternet, our program wil
Qiter the news, alerting the user when it notices a news story that
matches the user's interest, This eroblem does not require rnany

nes of code,

First, download eroblem set 5 from MIT open courseware eroblems.
Read over the instructions and we wil begin with eroblem one.

Problem 4

’Pars\nﬁ the feed is the process of ’rum’\nﬁ a data stream into a
structured format that is more convenient to work with, ?ars\nﬁ all

of this information is not easy %o let's tackle an easy part first,

\€ someone has alreao\a done this specific parsing and has left You
with variables that contain information for a news story, then we
want to sort this information in. an object that we can then pass
around in the rest of our program. In this problem, we will write a
class s’rarﬂnﬁ with & constructor and stores arﬁumen’rs

a‘opro‘o(‘\afeltj.

The class, MewsStory should take in ¢ 3u'\o\, titie, description, link,
pubdate) as argurmente,



\t should also contain the l'c‘ollow'\r\\c) methods.

get_guid(self)
get_title(self)

get description (self)
get_link(self)

get pubdate (self)

O PR,

class NewsStory(object):

def __init__(self, guid, title, description, link, pubdate):
self.guid = guid
self.title = title
self.description = description
self.link = link
self.pubdate = pubdate

def get_guid(self):
return self.guid

def get_title(self):
return self.title

def get_description(self):
return self.description

def get_link(self):
return self.link

def get_pubdate(self):
return self.pubdate

Gven a.set of news stories, Your problem will generate alerts Lor a
subset of these stories. we wil represent alerting rules as triggers, A
trigger is a rule that is evaluated over a singe news story and rmay
fice to generate an alert. in order to S"”‘P"% our code, we wil use
object Polﬁmorph'\sm. we wil define a trigger interface and then
implement a number of difterent classes that implement that trigger
intfecface in different ways. Every trigger class you define should
implement the ‘?ollow‘\ns interface either o\‘\redltj or fransitively, we wil
not o\\recﬂtj use the implementation of the Trmer cass, which is wh3 it
raises it an exception should anyone attempet fo use it.



The class below implements the Trigger interface. 903 subclass
that inherits £rom it wil have an evaluate method. Bﬁ default,
+he3 will uge the evaluate method from Trigger, the superclass,
unless Jrheﬂ define their own evaluate function, which would then
be used instead.

class Trigger (object):
def evaluate(self, story):

Returns True if an alert should be generated
for the given news item, or False otherwise.

raise NotImplementedError

we will define a number of classes that inherit from Trigger. I the
@\éjure below, Trigger is & superclass, £rom which all other classes
inherit, The arrow £rom ’Phras,eTr\ﬂﬁer to frigger means that ehrase
trigger inherence £rom trigger. A ?hraseTr'\ﬂﬂer is & Trigger.

Trigger
‘/__——-7' \‘\\ S

PhraseTrigger NotTrigger AndTrigger OrTrigger TimeTrigger

" ™

TitleTrigger DescriptionTrigger BeforeTrigger AfterTrigger




-~ 6.2 Phrase Trigger-

A phrase trigger is & specific type of trigger. A phrase is one or more
words, separated by & singe space between the words. Given some
text, the trigger should only fire when each word in the chrase is
present in its entirety and appear consecutively in the text, separated
by spaces or punctuation. For example, & phrase trigger with the
phrase ‘purple cow' should only 4ire on the following text snippets.

e 'PURPLE COW'

® 'The purple cow is soft and cuddly.'

e 'The farmer owns a really PURPLE cow.'
e 'Purple!!! Cow!!!"

e 'purple@#S%cow'

e 'Did you see a purple cow?'

But it should not fire on these text snippets:
® 'Purple cows are cool!'
'The purple blob over there is a cow.'
'How now brown cow.'
'"Cow!!! Purple!!!"

°
B}
e
® 'purplecowpurplecowpurplecow'

we wil implement a ehrase trigger abstract class, ?hraseTr'\ﬁﬁer. it
should take a string phrase as an argurments in the classes
constructor. This trigger should not be case sensitive. Phrase Trigger
should be a subclass of trigger. has one new method,
is_phrase _in, which takes in one s‘rr\nﬁ arﬁk,\men’r text, \t returng
true i€ the whole phrase is present and test, false otherwise. This
method should not be case sensitive.



To do thig, we will create a translation table that makes all
punctuation marks spaces. This wil hele us ‘\o\enﬂf:‘g whether or
not it is & real phrase. Then, we have to determine whether the
phrase has an\j’rh'\ns else attached to the end of it. For examele,
i€ there is & plural S after a word. This is because “purple cow'
and ‘purple cows' are not the same thing,

we wil also define the method '\S_Phrase_\n S0 We can use it in
the two subclasses of ?hraseTr\fjﬂerz 'F\JrIeTr\ﬂﬁer and
'Descr"tpﬂon'\‘rmer.

class PhraseTrigger(Trigger):
def __init__(self, phrase):
self.phrase = phrase.lower()
def is_phrase_in(self, text):
phrase = self.phrase.lower()
text = text.lower()

translation_table = str.maketrans(string.punctuation, ' ' * len(string.punctuation))
text = text.translate(translation_table)
text = re.sub(r"\s+", " ", text)

if self.phrase in text:
pos = text.index(self.phrase) + len(self.phrase)
if len(text) > pos and text[pos] >= 'a' and text[pos] <= 'z':
return False
else:
return True
else:
return False

X T\’rleTr‘\ﬁﬁer .y

Title Trigger is & subclass of ’PhraseTrme\‘. It should £ire when a news
item's fitle containg a gven phrase. As it was in 'PhraseTr’mer, the
phrase should be an argument to the class's constructor, and the
trigger should not be case sensitive.



we should implement evaluate, and use the method is_phrase _in.

class TitleTrigger(PhraseTrigger):
def __init__(self, phrase):
super().__init__(phrase)
def evaluate(self, story):
title = story.get_title().lower()
return PhraseTrigger.is_phrase_in(self, title)

Make sure to run Jour code +hrou3h the unit test, € it
saye o, then it means it has passed.

'Descr‘\(aﬂon Tr‘mer

DescriptionTrigger is another subclass of 'PhraseTrmer. \t should
fire when & new item's description contains the gven phrase. This
phrase should be an argument to the class's constructor and the
*“‘fjﬁer should not be case sensitive. This is very similar to
T\+IeTr\f}32r.

class DescriptionTrigger(PhraseTrigger):
def __init__(self, phrase):
super().__init__(phrase)
def evaluate(self, story):
description = story.get_description().lower()
return PhraseTrigger.is_phrase_in(self, description)

once this has been implemented, the unit test for
'Descr'\(aﬂonTrmer should pass.



« - 6.3 Time Triggers -

we'll move on from 'PhraseTrmer. Now we want to have triggers that
is based on when the new story was published, not on its content.
We wil implerent & time trigger abstract class, Tirme Trigger, that'is a
subclass of Trigger. The class's constructer should take in time in
EST as & sfring in the format of '3 oct 2046 1F0040', Make sure to
convert time from string to & date time before saving it as an
attribute, Because this is an abstract cass, we wil not o\'\recﬂ«:j
"\ns’ranﬂaﬂnﬁ any Time Trigger.

class TimeTrigger(Trigger):
def __init__(self, trigger_time):
self.trigger_time = datetime.strptime(trigger_time, "%d %b %Y %H:%M:%S")

Mow we will implement two subclasses of Tirne Trigger: %e?oreTr'\ﬁﬁer
and P\PrerTrmer. %e?oreTr'\\cBer fires when a story is published
o\‘\recﬂ&j before a +rmer‘s timme, and ﬂ?’rerTr\ﬁSer fires when a story
is published, strictiy after the frmer's time. Time 2ones may be &
problem, so for now we can set it to none. Then we will retrieve the
pubdate and compare it to the trigger time to determine whether or
not the S’ror\j is published before or after.

The code €or BQQOVQT\‘%Q\‘ and 9€’rerTr'LcBQr are similar, and
we wil use evaluate for both.



class BeforeTrigger(TimeTrigger):
def __init__(self, trigger_time):
super().__init__(trigger_time)
def evaluate(self, story):
pubdate = story.get_pubdate()
pubdate = pubdate.replace(tzinfo=None)
return pubdate < self.trigger_time

class AfterTrigger(TimeTrigger):
def __init__(self, trigger_time):
super().__init__(trigger_time)
def evaluate(self, story):
pubdate = story.get_pubdate()
pubdate = pubdate.replace(tzinfo=None)
return pubdate > self.trigger_time

once these are implemented, the BeforeAndRtterTrigger
unit test in our test suite shoud pase.



> o 6.4 Composite Triggers - -

These are more powerful in that these ’rr\ﬁﬁers contain conditionals
as fo when it fires. There are three difterent types of composite
triggers that we wil be writing +oo\a~:j: Mot Trigger, P\r\o\Tﬂﬂﬁer, and
orTrmer.

& o Mo’rTr'\ﬁﬁer W @

This ’rr\\cﬁer should Proo\uce its output 53 cor\verﬂn3 the output of
another ’rr‘\ﬁﬂer. 't should take this other ‘rrmer as’ an arﬁumen‘r to its

constructor. when it's done, its unit test should pass.

class NotTrigger(Trigger):
def __init__(self, other_trigger):
self.other_trigger = other_trigger
def evaluate(self, story):
return not self.other_trigger.evaluate(story)

v Qno\Tr‘\ﬁSer and orTr‘\&cJer

These two triggers are similar in that +he3 should take two frigers as
argumente. The F\no\Tr‘\ﬂﬁer should £ire on & news story only i€ both of
the inputted +r\&<jereo\ fire on that item. The orTrigger should £ire on a
news story i€ either one or both of its inputted triggers should €ire on
that item.



class AndTrigger(Trigger):
def __init__(self, trigger_one, trigger_two):
self.trigger_one = trigger_one
self.trigger_two = trigger_two
def evaluate(self, story):
return self.trigger_one.evaluate(story) and
self.trigger_two.evaluate(story)

class OrTrigger(Trigger):
def __init__(self, trigger_one, trigger_two):
self.trigger_one = trigger_one
self.trigger_two = trigger_two
def evaluate(self, story):
return self.trigger_one.evaluate(story) or
self.trigger_two.evaluate(story)

once we have this, both unit tests should pass.



- -
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You can now run 935.93 but it wil o\'\s(ola\j all Google and Yahoo news
items. we wil write a function fiter_stories(stories, triggeclist) that
takes in a list of news stories and a list of triggers, and returns a list
of only the stories for which a trigger fires,

This function should fake in a list of MewsStory instances, and

returns a list of onlxj the stories £or which a ‘l’(‘\ﬂge(‘ and +rmerl'\s+
fires,

we wil first create the emP’r\j list fitered_stories and for every s’ror&
in which the trigger fires, we wil add it to this list and return it at the
end.

def filter_stories(stories, triggerlist):
filtered_stories = []
for story in stories:
for trigger in triggerlist:
if trigger.evaluate(story):

filtered_stories.append(story)
break

return filtered_stories



- 6.6 User-Specified Triggers

Now we want to write code to read our trigger con?guraﬂon £rom
triggersxt instead of from our 'Ptj‘rhon code. There ig alreao\ﬁ code
that eliminates blank fines and comments, Al we have to do is finish
the implementation and return a list of trigger specified b\j the file.

First, we wil have a o\‘\c’r'\or\arﬂ to hold the name, the triggers, and then
we wil have a list to hold the final triggers. In trigger definitions, it
states that the £irst element in a trigger definition is either of the
keﬂworo\ ADD or the name of the trigger. The second element of a
trigger definition is a \cetjworo\ that specifies the type of trigger be‘\nﬁ
defined. The remaining elements of the definition are the trigger
arguments. It states that the elements following ADD are names of
one of more. Ereviously defined triggers.

In other words, i the first part is ADD, then the part after it should
Just be the names of the triggers.

# Dictionary to hold named triggers
triggers = {}

# List to hold the final triggers
trigger_list = []

for line in lines:
parts = line.split(',"')

if parts[@] == 'ADD':
for name in parts[1:]:
trigger_list.append(triggers[namel)



otherwise, i€ the first element is not ADD, then we will seiit it up into
two elements which are the names of the trigger and the type of the
trigger. what arﬁumem‘s are required depends on the ’rr'mer +3\°e‘ The
instructions tell You what arﬂumen’rs each +r\33€red requires,

TITLE: one phrase

DESCRIPTION: one phrase

AFTER: one correctly formatted time string

BEFORE: one correctly formatted time string

NOT: the name of the trigger that will be NOT'd

AND: the names of the two triggers that will be AND'd.
OR: the names of the two triggers that will be OR'd.

we wil s\m@g transfer this into code Ianﬁuaﬂe.

else:
trigger_name = parts[@]
trigger_type = parts[1]
if trigger_type == 'TITLE':
triggers[trigger_name] = TitleTrigger(parts[2])
elif trigger_type == 'DESCRIPTION':
triggers[trigger_name] = DescriptionTrigger(parts[2])
elif trigger_type == 'AFTER':
triggers[trigger_name] = AfterTrigger(parts[2])
elif trigger_type == 'BEFORE':
triggers[trigger_name] = BeforeTrigger(parts[2])
elif trigger_type == 'NOT':
triggers[trigger_name] = NotTrigger(triggers[parts[2]])
elif trigger_type == 'AND':
triggers[trigger_name] = AndTrigger(triggers[parts[2]], triggers[parts[31])
elif trigger_type == 'OR':

triggers[trigger_name] = OrTrigger(triggers[parts[2]], triggers[parts[3]])

Finally, we wil return the trigger—list. The €inal code is on the
next Paﬁe.



# Dictionary to hold named triggers
triggers = {}

# List to hold the final triggers
trigger_list = []

for line in lines:
parts = line.split(',")

if parts[@] == 'ADD':
for name in parts[1:]:
trigger_list.append(triggers[namel)
else:
trigger_name = parts[@]
trigger_type = parts[1]

if trigger_type == 'TITLE':

triggers[trigger_name] = TitleTrigger(parts[2])
elif trigger_type == 'DESCRIPTION':

triggers[trigger_name] = DescriptionTrigger(parts[2])
elif trigger_type == 'AFTER':

triggers[trigger_name] = AfterTrigger(parts[2])
elif trigger_type == 'BEFORE':

triggers[trigger_name] = BeforeTrigger(parts[2])
elif trigger_type == 'NOT':

triggers[trigger_namel = NotTrigger(triggers[parts[21])
elif trigger_type == 'AND':

triggers[trigger_name] = AndTrigger(triggers[parts[2]], triggers[parts[3]])
elif trigger_type == 'OR':

triggers[trigger_name] = OrTrigger(triggers[parts[2]], triggers[parts[31])

return trigger_list

Now we can moo\\?tj the code within' the function main_thread to use
the ’rﬂﬂﬂer list s(oec’\ﬁeo\ in our conﬂﬁuraﬂon fie.,

# Problem 11
# TODO: After implementing read_trigger_config, uncomment this line
triggerlist = read_trigger_config('triggers.txt')



6.7 Modify

Problem 42 fells us to write a deba’re_’rr\\cﬁers.’rx’r fle so that we can

3e+ news that is (aubl'\sheo\ within & three hour window of the

Pres\o\enﬁal debate, we can do this bkj mod'\?\j'\nﬁ our ’rr'mers.hd Lile.,

Since the election has not hapeened yet, our code will not run since

there is no news, We wil have to wait until the election ha(apens to

see the results of our code. This is written realy similar to the code

alreao\ﬂ in +r‘\33ers.+x+. You can also feel {ree to +r3 the code and see

Wit 3'\ves You news from a s‘cec\?\c time PQF\OO\ or with a S,Pec\?\c

title.

Below is an example i€ we try to find news containing amala" and "Trume"

with & specific time window,

what we \ou‘l‘ in:

what we receive:

@® [ ] debate_triggers.txt

//debate trigger
t1,TITLE,election

2, TITLE, Trump
3, DESCRIPTION, Kamala
t4,AFTER, 20 Jul 2024 14:00:10
5,BEFORE, 20 Jul 2024 20:00:10
6,AND, t2,t3

ADD, t6

[ ] @ Some RSS parser

Google & Yahoo Top News

Donald Trump says Kamala Harris, who's married to a Jewish man, 'doesn't like Jewish people'

Donald Trump says Kamala Harris, who's married to a Jewish man, 'doesn't like Jewish people'
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