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[bookmark: _Toc78656454]Introduction
The computer brain is the processor, in turn, understands only one language - the language of machine codes which is a sequence of zeros and ones. It is quite problematic for a person to write a program in the language of machine codes, not to mention finding errors and fixing them (debugging). It is to facilitate the process of creating programs that high-level programming languages ​​have been developed, in which the commands are close to the words of natural languages, most often English. But each word command has a strictly defined meaning and there is no exception.

Python is one of the easiest to learn and most enjoyable programming languages in the world. Programming code in Python is easy to read and write. It is a very expressive language that allows fitting the application on fewer lines than other languages such as C ++ or Java would require.

[bookmark: _Toc78656455]Part A - (UNDERSTANDING)
[bookmark: _Toc78656456]A 1.1 – The Program Structure
According to the theory of computing systems, a good programming language must provide the implementation of three forms of control over the execution of programs:
[image: Diagram

Description automatically generated]
Figure 1 - Program Control Structure
Sequence - the order in which tasks are to be executed. One-time execution of operations in the order in which they are written in the program text.
Selection - executed only if a certain condition is met. One-time execution of one of two or more operations, depending on the fulfilment of some given condition
Iteration - a loop that allows part of the program to be executed multiple times. Repeated execution of the same operation until a certain specified condition is fulfilled (the condition for continuing the cycle).

Moreover, in the program, the basic constructs can be nested within each other in an arbitrary way, but no other means of controlling the sequence of operations are provided.

[bookmark: _Toc78656457]A 1.2 – The if – elif– else structure
The if, elif, else conditional statement is the main selection tool in Python. This structure chooses which action to perform depending on the value of the variables at the time the condition is checked.

The if operator allows executing a specific set of instructions depending on a certain condition. The following use cases are possible. The syntax for the if statement is as follows:
if condition:
    indented statement 1
    indented statement 2
    …
    indented statement n

A condition is written after the if statement. If this condition is true, then the instructions specified by this operator are executed. A condition is true if its result is a non-zero number, a non-empty object, or a logical True. After the expression, need to put a colon ":".
It is very important that the block of code that needs to be executed, if the expression is true, is separated by tabulation or four spaces on the left.
Example:
a = 3
if a == 3:
    print("True")
output
True

There are times when it is necessary to provide an alternative version of the program. That is, if the condition is true, one set of instructions should be executed, if the condition is false, another. A condition is an expression concerning which it can be said to be true (it is executed) or false (it is not executed).
Signs of logical relations can be used in the condition:
>, < - more, less
> =, <= - greater than or equal, less than or equal
= = equals
! = not equal
For this, the construction of if – else is used. Moreover, to implement a choice from several alternatives can be used the if - elif - else construction.
Example:
a = int (input ("Enter a number: "))
if a < 0:
    print ("Negative")
elif a == 0:
    print ("Zero")
else:
    print ("Positive")
If the user enters a number less than zero, "Negative" will be printed, equal to zero - "Zero", greater than zero - "Positive".

[bookmark: _Toc78656458]A 2.1 – Types of Loops
A loop is an algorithmic construction in which a sequence of commands is repeated several times. In python like most programming languages distinguish between two types of loops: a loop with a condition (while) and a loop with a variable (for).

The while loop statement executes the specified set of instructions as long as the loop condition is true. The truth of the condition is determined in the same way as in the if statement. The syntax for the while statement looks like this:
while expression:
    instruction 1
    instruction 2
    ...
    instruction n
The set of instructions being executed is called the loop body.
Example:
a = 0
while a < 5:
    print ("A")
    a += 1
The letter “A” will be displayed seven times in a column.

[bookmark: _Toc78656459]A 2.2 – for Loop
The for statement executes the specified set of statements a specified number of times, which is determined by the number of elements in the set. The general syntax for ... in is as follows:
for variable in sequence:
    action (loop body)

Example:
for i in range (5):
    print ("Hello World")
This output will print “Hello World” five times.

The variable i is a counter of the iterations of the loop which is starting from 0. In this example, the loop is executed for i = 0, 1, 2, 3, 4. That is exactly 5 times.

Moreover, the feature of the for loop is the function range () which by default builds a sequence in which each next number is 1 greater than the previous one. This can use the range function on another record. The general view of the function record is as follows: range (start, stop, step).
· start is the number of the beginning of the sequence.
· stop generates numbers up to, but not including the given number.
· step shows the difference between each number from the sequence (step).
All parameters must be integers, each of the parameters can be either positive or negative and the range () is based on index 0. This means that the index list starts at 0, not 1. The last integer generated by the range () function depends on stopping, but it won't. For example, range (0, 5) generates integers 0, 1, 2, 3, 4, not including 5.
Example:
for i in range (10, 0, -1):
    print (i**i)
The program displays the squares of natural numbers from 10 to 1 in descending order.
10 – the first number in the sequence
0 – the finite number of the sequence (not including this number)
-1 – step

[bookmark: _Toc78656460]A 3.1 – The List
The list is a data structure for storing objects of various types (as a container). It is a sequence of values of any type like strings, numbers, float numbers or even mixed data types. A list can also have another list as an item. This is called a nested list. To specify that these elements are a list they must all be in square brackets.
Example:
my_list1 = [1, 5, 8, 11, 25]				# list of integers
my_list2 = ["one", "two", "three", "four", "five"]		#list of strings
my_list3 = ["world", 23, "country", -6, 3.14]		# list with mixed data types
my_list4 = [2, "sun", [33, 100], "moon", 56]		# nested list

Any element of the list can be accessed through its index. Python uses a zero-based indexing system. From the example, my_list1 contains 5 elements, namely: my_list1 [0] == 1, my_list1 [1] == 5, my_list1 [2] == 8, my_list1 [3] == 11, my_list1 [4] == 25.
If the index is a negative number, then it will be counted from the last element. As an example, my_list3 will be used: my_list3 [-1] == 3.14, my_list3 [-5] == world.
The length of the list (the number of elements in it), can be found using the len function. The nested list is always one element, regardless of the number of its elements. For example: print(len(my_list4)) and the output will be 5.

[bookmark: _Toc78656461]A 3.2 – Slice of the list
Slices are good for getting a subset of values from the list. To do this is necessary to use the slicing operator ( : ) colon.
For the item(s) to be accessed, you need two indexes that will cut that portion of the list. If the first number is removed, the slice will start from the first element, and if the second - till the end. If both numbers are removed and the only colon remains, the entire list will be copied.
Example:
my_list = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
print (my_list [2:6])	
print (my_list [:5])
print (my_list [4:])
print (my_list [:])
print (my_list [-6:-1])	# The slicing count will start from the end.
output
[2, 3, 4, 5]
[0, 1, 2, 3, 4]
[4, 5, 6, 7, 8, 9]
[0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
[4, 5, 6, 7, 8]
[bookmark: _Toc78656462]Part B - (IMPLEMENTATION)
[bookmark: _Toc78656463]Exercise 1
A program must be written that allows the user to enter different types of values. This data must contain name (for a customer), price (for a product) and quantity (of the product). At the end, the total price of the product must be calculated.

1. Logical stages

1.1 Requesting the user to enter his name.
1.2 Requesting the user to enter the price (any) of the product
1.3 Requesting the user to enter the quantity (any) of the product
1.4 The data entered by the user must be printed on the screen
1.5 Calculation of the total amount using the formula: total = num1*num2
1.6 Print result on the screen
1.7 The option to run the program again

2. The code (including annotations)
# Program to show the type of variables and to find out the total price.
num1 = 0
num2 = 0
choice = "y"
# the initial values are given
name = input("Please enter your name: ")  # user enters his name (string variable)
print("\nHi", name + ",", "I can calculate your final amount of any product.")
while choice == "y" or choice == "yes":  # the program will loop until the choice does not match y or yes
    while True:  # loop to check if it is true
        try:
            num1 = float(input("\nPlease enter the price of your product: £ "))  # user enters the price
        except ValueError:  # checking the value
            print("Sorry, I didn't understand that. Please enter a number.")
            continue
        if num1 <= 0:  # checking the condition
            print("Sorry, the price must be above 0. Try again!")
            continue
        break  # out of the loop
    while True:
        try:
            num2 = int(input("\nPlease enter the quantity: "))  # user enters the quantity
        except ValueError:
            print("Sorry, I didn't understand that. Please enter a number.")
            continue
        if num2 <= 0:
            print("Sorry, the quantity must be above 0. Try again!")
            continue
        break
    total = num1 * num2  # calculation of the total amount
    print("\nFor", str(num2), "units of your product which costs £", str(num1), "each, the total amount is:")
    print("£", str(total))  # output of the total amount
    print("\nDo you want to calculate again? (YES / if NOT, press any key)")
    choice = input()  # user enters his option
    choice = choice.lower()  # the entered value will be formatted in lower case
print("Good Buy!\nEnd of the program.")  # the final output

3. Testing
3.1 – Normal values, within range:
Please enter the price of your product: £ 4.5
Please enter the quantity: 4
For 4 units of your product which costs £ 4.5 each, the total amount is:
£ 18.0
Result: Program performed as expected, correct answer calculated.


3.2 – Boundary - Test base for valid input:
Please enter the price of your product: £ 0
Sorry, the price must be above 0. Try again!

Please enter the price of your product: £ 0
Sorry, the price must be above 0. Try again!

Please enter the price of your product: £ 4.5

Please enter the quantity: 0
Sorry, the quantity must be above 0. Try again!

Please enter the quantity: 0
Sorry, the quantity must be above 0. Try again!

Please enter the quantity: 4

For 4 units of your product which costs £ 4.5 each, the total amount is:
£ 18.0
Result: The user is not allowed to enter 0, the program executed correctly.


3.3 – Boundary - Test for numbers out of range:
Please enter the price of your product: £ four & fifty
Sorry, I didn't understand that. Please enter a number.

Please enter the price of your product: £ -4.5
Sorry, the price must be above 0. Try again!

Please enter the price of your product: £ 4.5

Please enter the quantity: four
Sorry, I didn't understand that. Please enter a number.

Please enter the quantity: -4
Sorry, the quantity must be above 0. Try again!

Please enter the quantity: 4

For 4 units of your product which costs £ 4.5 each, the total amount is:
£ 18.0
Result: The user is not allowed to enter the letters and numbers that are out of range, the program executed correctly.

[bookmark: _Toc78656464]Exercise 2
Must be written a program to calculate the area of the filled circle in Figure 2, and the result will be printed on the screen. For this, the program must allow the user to enter the data for the radii - R1 (of the inner circle) and R2 (of the outer circle).

1. Logical stages
1.1 [image: A picture containing text, clock

Description automatically generated]Requesting the user to enter the radius of the inner circle (R1)
1.2 Requesting the user to enter the radius of the outer circle (R2)
1.3 The data entered by the user must be printed on the screen
1.4 Calculate the area of the inner circle using the formula:
area1 = 3.14 * r1 ** 2
1.5 Calculate the area of the outer circle using the formula:Figure 2 - The circle

area2 = 3.14 * r2 ** 2
1.6 Calculation of the shaded area using the formula: area = area2 - area1
1.7 Print the result on the screen.




2. The code (with annotation):
# Program to find area of shaded area in circle from user-entered dimensions
r1 = 0
r2 = 0
# the initial values for radii are given
print("What is the radius of the inner circle R1: ")
while True:  # start the loop to check if the value is entered correctly
    try:
        r1 = float(input())  # user enters radius of inner circle
    except ValueError:
        print("R1 must be a number. Try again.")
        continue  # try again the input
    if r1 <= 0:  # the condition for inner circle
        print("R1 must be above 0. Try again.")
        continue  # try again the input
    break  # exit of the loop
print("What is the radius of the outer circle R2: ")
while True:
    try:
        r2 = float(input())  # user enters radius of outer circle
    except ValueError:
        print("R2 must be a number. Try again.")
        continue  # try again the input
    if r2 <= 0:  # the condition for outer circle
        print("R2 must be above 0. Try again.")
        continue  # try again
    elif r2 <= r1:  # check outer radius is greater than inner radius
        print("The radius of the outer circle must be greater than the radius of the inner circle")
        continue  # try again if the condition is not met
    break  # exit of the loop

area1 = 3.14 * r1 ** 2  # calculate the area of inner circle
area2 = 3.14 * r2 ** 2  # calculate the area of outer circle
area = area2 - area1  # calculate the shaded area
print("The shaded area is: ", area)  # print out shaded area

3. Testing:
3.1 – Normal values, within range:
What is the radius of the inner circle R1:
3
What is the radius of the outer circle R2:
5
The shaded area is: 50.239999999999995
Result: Program performed as expected, correct answer calculated.

3.2 – Boundary - Test base for valid input:
What is the radius of the inner circle R1:
0
Try again, must be above 0. Try again.
5
What is the radius of the outer circle R2:
0
Try again, must be above 0. Try again.
8
Result: The user is not allowed to enter 0, the program executed correctly.

3.3 – Boundary - Test for numbers out of range
What is the radius of the inner circle R1: 
-2
Try again, must be above 0. Try again.
2
What is the radius of the outer circle R2: 
-6
Try again, must be above 0. Try again.
8
Result: The user is not allowed to enter numbers that are out of range, the program executed correctly.

[bookmark: _Toc78656465]Exercise 3
A program must be written that allows the user to enter the names of five staff members in a list and their monthly salary into a second list. Once all staff names and their salaries have been entered, they must be printed on the screen. After that, it is necessary to calculate the total salary of the employees every month. In the end, it is necessary to find out how much the total salary will increase at an addition of 10%. (The program will prompt the user to enter any desired percentage)

1. Logical stages:
1.1 Prompting the user to enter 5 staff names and under each name his salary
1.2 Requesting the user to enter the salary for each name separately
1.3 All data entered by the user must be printed on the screen
1.4 Calculation of the sum of all salaries using the formula: sum()
1.5 Requesting the user to enter the percentage they want to add to the total.
1.6 Calculation of the amount by adding the entered percentage, using the formula: total = sum() * (1 + percentage / 100)  
1.7 Printing the result on the screen.

2. The code (with annotation):
names = []  # empty list for staff names
wages = []  # empty list for staff salary
n = 0
z = 0
# the initial values are given
for counter in range(0, 5):
    print("Enter the staff name: ")
    names.append(input())  # user adding new names in list

    while True:  # start of loop for checking correct values
        try:
            n = float(input("Enter the salary: "))  # user input the salary
        except ValueError:  # checking the value
            print("Please insert a number")
            continue
        if n <= 0:  # condition that salary needs to be greater than 0
            print("Sorry, the salary needs to be above 0")
            continue  # Return to the start of the loop to try again
        break  # exit to loop if the value is true
    wages.append(n)  # adding the salaries in list

print("\nAll staff members with their salaries:")
for x, y in zip(names, wages):  # brings elements of the same index
    print(x, y)  # the output of names and salaries array/list

print("\nThe amount of salary is: ", sum(wages))  # calculating the amount of salaries
print("How many % would you like to increase the total amount of salaries?")

while True:  # loop start
    try:
        z = float(input())  # user insert the percentage
    except ValueError:
        print("Please insert a percentage number")
        continue
    if z < 0:  # checking the condition
        print("Sorry, the percentage can not be negative. Try again!")
        continue
    elif z > 100:
        print("Sorry, the max is 100%")
        continue  # user try again
    break  # exit to loop if the value is correct
total = sum(wages) * (1 + float(z) / 100)  # calculating the amount of salaries with entered % increase
print("\nThe total salary amount with an increase of " + str(z) + "% is:", total)  # the final output
print("End of program.")  # the final output

3. Testing:
3.1 – Normal values, within range:
Enter the staff name: 
Robert
Enter the salary: 1450
Enter the staff name: 
Lily
Enter the salary: 1300
Enter the staff name: 
Richard
Enter the salary: 1150
Enter the staff name: 
Nicole
Enter the salary: 1800
Enter the staff name: 
Peter
Enter the salary: 1500

All staff members with their salaries:
Robert 1450.0
Lily 1300.0
Richard 1150.0
Nicole 1800.0
Peter 1500.0

The amount of salary is:  7200.0
How many % would you like to increase the total amount of salary?
10

The total salary amount with an increase of 10.0% is: 7920.00
End of program.
Result: Program performed as expected, correct answer calculated.

3.2 – Boundary - Test base for valid input:
Enter the staff name: 
Robert
Enter the salary: 0
Sorry, the salary needs to be above 0
Enter the salary: 0
Sorry, the salary needs to be above 0
Enter the salary: 1450
Enter the staff name: 
Lily
Enter the salary: 0
Sorry, the salary needs to be above 0
Enter the salary: 0
Sorry, the salary needs to be above 0
Enter the salary: 1300
Enter the staff name: 
Result: The user is not allowed to enter 0, the program executed correctly.

3.3 – Boundary - Test for numbers out of range
Enter the staff name: 
Robert
Enter the salary: one thousand, four hundred fifty
Please insert a number
Enter the salary: -2000
Sorry, the salary needs to be above 0
Enter the salary: 1450
Enter the staff name: 
Lily
Enter the salary: one thousand three hundredth
Please insert a number
Enter the salary: -150
Sorry, the salary needs to be above 0
Enter the salary: 1300
Enter the staff name: 
Result: The user is not allowed to enter the letters and numbers that are out of range, the program executed correctly.

[bookmark: _Toc78656466]Exercise 4




[bookmark: _Toc78656467]Conclusion
Undoubtedly, the popularity of Python represents not only the power and versatility but also the clarity and simplicity of use. This programing language was created to produce programs that may be without problems understood, because readability matters and is one of its guiding principles.
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