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	Module Learning Outcomes 
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1.	Understand the syntax and semantics of a high-level programming language and develop programs using good programming practices.


	
2.	Select and deploy basic software constructs using simple algorithms in the development of solutions to programming problems





Section 1
PART A (UNDERSTANDING)

1. What is a variable and why are they important in writing programs?
A variable is essentially a location that is used to store a value. Every variable has a name otherwise known as an identifier. This should be symbolic of the data that is being held in that variable. For example if I were to create a variable storing the value of a Rugby Union match score “rugby_score” would be an appropriate identifier, where as “abcd” would not. This is to do with the readability of code as if variables are not clearly identified it can become very difficult for other programmers to identify which variables relate to which values and so maintainability and usage are hindered greatly. [1]
In C# variables must be declared as a particular type before the value can be used. For example if I were to store a number I would have to declare that variable as an integer or a name as a string. It is possible to simply declare a variable as “var” which will automatically assign a type to a variable. However this is not good practice as according to Mark Price in C# 7 and .NET Core: Modern cross-Platform Development, he claims that it can effect performance and create bugs in larger pieces of code as well as make the readability on occasion difficult. [2] However Oliver Sturm disagrees in Functional Programming in C# as he claims that although issues can arise through the use of “var” it is the layout of the code that causes the problems rather than the use of global variables. Suggesting that the view is outdated and more focus should be placed on the correct formatting of code. [3]
Variables are essential to programming as they allow the programmer to use variables as representations of data rather than having to input all of the data into the program. This is especially important when we take into to consideration instances where we might want to perform a calculation or use data that we need the user to input themselves. Using Variables means the programmer can create flexible code that can have multiple variables of whose data might change throughout the course of running the program. 


2. Explain the term “code block”.
A “code block” is piece of code which is gathered together to create a “block” and is usually delimited by a bracket of some kind (e.g in C# code blocks are delimited by the { } bracket). These blocks may contain any number of statements or declarations that become a set of instructions known as an algorithm. It is entirely possible for these blocks to have blocks “nested” within that act as sub sets of instructions within the main set of instructions. This then allows these separate sets of instructions to be treated as though they were just one instruction rather than lots of separate ones. Also as these instructions are assigned to their own block it has the effect of narrowing the lexical scope of different procedures, variables and functions as they are less likely to collide with variables using the same name elsewhere in the code. [4] 
Computer programing languages that use code blocks are known as structured programming languages as the use of grouping code together into separate blocks is a fundamental part of its definition. However, this does not mean that all programming languages are structured in this way while some languages do not allow nested statements others do not allow the use of code blocks at all. An example this would be procedural languages whose code is compiled line by line and does not use blocks of code rather it uses “goto” statements which lets the compiler skip lines of code to the next relevant line. [5]
Structured programming has many advantages over other types of programming, for example, different blocks of code can be re-used and altered for different purposes, which improves reliability and make the code simpler to work on. Having code blocks means you can have more than one developer working on a program at one time as you are able to split the code up into blocks different programmers can work on different blocks meaning it can be more efficient to write.

3. In order to execute different branches of code (i.e. code blocks), it must be possible to make decisions that change the flow of the program. Describe the Boolean operations that can be used. 
Boolean or Logical operators allow you to interrogate and adjust the state of a Boolean variable. The AND Operator will return true if both operands are the same and false if they are not much like the equivalence operator but instead of determining if both values are equal it is determining if both expressions result in the same Boolean value. The OR operator will look at both operands and return true if either operand returns true and only return false if both operands return false. 
In C# the AND operator is represented by the “&” and the “&&” operators though these are not interchangeable as they both work in different ways. The “&” condition will always evaluate both conditions even if the one to the left has already returned false. While the “&&” condition will “Short circuit” and complete the operation and return false if the left side has already returned false. This is similar for the OR operator which is represented by the “|” and “||” operator in C#. The “|” condition will evaluate both operands even if one side of the expression has already returned true while the “||” will short circuit if the expression on the left returns true. [4]
The exclusive OR Operator or XOR Operator (^ in C#) differs from the both the “|” and “||” firstly not short circuiting if the initial operand returns true. Secondly confusingly although the XOR operator does not short circuit that does not mean it operates in the same way as the “|” operator, this is because the XOR operator will only return true if only one of the operands is true unlike the other OR statements which will return true even if all the operands also return true. 
The NOT operator (! In C#) or logical negation operator inverts the result of a Boolean value meaning the result of the value can be changed from true to false or vice versus.
Interestingly the NOT operator is known as a unary operator as it is able to operate on a single operand as it simply inverting a Boolean value it does not require more than one operand unlike like the other Boolean operations. The NOT operator can be “overloaded” meaning that a whole classes behaviour can be adjusted depending on the type of that class. [6]

4. Explain why the for-loop can also be referred to as a counting-loop and give an example of why you would use it.

A for-loop is used to go through a block of code a known number of times therefore repeatedly executing the instruction’s inside that code block. It is also known as counting-loop as you are in effect counting the number of times you wish to perform a loop on any given block of code. It works in two parts, firstly a “Header” specifies which iteration of the loop is being executed. It is for this reason that the header usually contains a loop variable or counter. The second part of the for-loop is the body or block of code that is executed once every cycle of the for-loop. This is the key difference to the while loop which will continue to loop until a certain condition is met or will continue indefinitely, whereas the for-loop has a set number of iterations and will not continue forever. [7]
This action of executing an if else statement only occurs once so if we wanted to execute that particular code block multiple times we would have to write multiple if else statements regarding that same block of code resulting a large amount of code repetition which has consequences on efficiency and readability of code. By using a for-loop instead we only have to write that code block once which is much more efficient and makes a lot more sense. A common instance where for-loops are more suitable to execute a block of code than an if-else statement might be searching through an array of data for a specific or collection of values. A for loop will enable you to look at the first value in that array then return a true or false statement. For example until it returns a true statement that matches your condition (say the first 5 integers that are multiples of 5) the for-loop will execute the code block until it has had 5 true results trigger it’s 5 iterations and then stop.  


PART B (INTERPRETATION)

Run the code and describe how the application works, creating step by step instructions for using this application. Preferably, illustrate your answer with appropriate screen shots and diagrams e.g. flow charts.

[image: ]

This is the main menu page for our application. We have a brief introduction at the top of the screen informing the user of the purpose of the application and what it will allow you to actually do with you data set. The user should please note that you may only perform these functions on a maximum of 3 integer values (3 whole numbers) This program will not accept any data in the form of text string or decimal values.

By selecting option, one by inputting “1” and hitting the carriage return key will result in being offered this screen:
 
[image: ]

You are being prompted by the application to enter a number. Enter your first number and hit carriage return. You will want to repeat this process three times until you are offered this screen prompt:

[image: ]

The screen is asking the user to select an option depending on which function you wish to execute. Note that if you select “1” to enter numbers you will override your previous entry. 

Selecting option 2 will give the user the smallest number from their input array. Take my following example it has shown my smallest value entered was 1. To exit this display simply hit any character on your keyboard until you are returned to the “Select an option” prompt and enter the option number for your desired function.

[image: ]

The next option on the applications menu display is to find the largest number in the user input array of 3 numbers. Take my following example where the program has found that the largest number eneter4ed into my array is 7.

[image: ]

Again as previously stated, simply enter a character on the keyboard to return to the select “Select option prompt.” Our next option is “4” and will display all of the numbers that the user has input as you can from my following example.

[image: ]

As you can see my values “7” “1” and “4” are all displayed on the screen. However, due to some sloppy patchwork on this programs code by the author of this guide they do not display after the display message but rather all over the place although you can still see your input values.

Finally, when the user is done with the program and they wish to quit they should select option “5” Quit which I have done in the following example.

[image: ]

The user will then be prompted if this is the correct selection and they really do wish to exit the program. The user can then enter “Yes” “Y” “y” “YES” or “yes” to confirm that this is there desired choice followed by hitting the carriage return key, which will then close the program. If the user finds they reach this stage but do not want to quit simply enter any other value on the keyboard and press enter.

Read and provide a line-by–line explanation of how the code for this application has been implemented. Take care to include a description of the concepts used including the arguments being passed, return types, etc.

· Please See Code Index.



PART C (IMPLEMENTATION)

· Please see “Code Index” 


Section 2
PART A (UNDERSTANDING)

1. When programming we may find that we are storing multiple values that serve the same purpose, but it would be inefficient to create 100s of variables to store these values. Describe a programming construct for storing such data. Assuming we wish to perform a calculation using all these stored values, how might we achieve this without duplicating the code 100s of times? Hint: Think arrays.
A of storing a large quantity of integer values as described in the question or any other set of values of the same data type would be an array. As the question points out it would be very impractical to store all of this data within individual variables so we use an array. An array is essentially a store where we can hold a collection of values or “elements” which are of the same data type which are held in address positions the number of which are declared when initializing an array. Arrays consist of “contiguous memory locations” meaning the lowest number address refers to the first element within the array and vice versus for the highest number address and last element in the array. This is a basic description of an array as you can however have slightly different concepts of how an array should look and work. [8]

A Multi-dimensional array for example is essentially an array of arrays so if you took a two dimensional array it would look like a table with rows and columns. Each array position in a two dimensional array would have 2 points of reference e.g. row 5 column 6 and where they intersect is where your value would be stored. However using Multi-dimensional arrays should be used with caution as each time you make an array the volume of memory being taken up expands drastically as Kevin Hoffman explains in his book Microsoft Visual C# 2005 unleashed. [9] Jagged arrays are similar to multi-dimensional arrays however the array being stored in an element can be of varying length. This makes working with Jagged arrays much more efficient as there are no wasted index locations to look through when performing searches on them.

      


2. Explain how large problems should be subdivided and explain how functions enable us to do this.
A function is a section of code that takes an input, applies that input to an algorithm which is a series of instructions and outputs a value. In C# this section of code does not exist by itself as it can in C++ and C but rather is part of an object. In C# functions are more commonly known as methods which are an integral part of object orientation. In C# once a function has been defined it can be used again and again, a characteristic known as reusability. This is useful when dealing with a large problem as you might wish to perform a function a number of times so instead of writing the entire function out multiple times you are able to write it once and call it when needed. Large problems will more often than not require many different functions to be performed which can become confusing if you try to bundle them all together. This is where delegating functions to different separate areas where they can be called on demand rather than having a large amount of complex and untidy code. This is backed up by Svelin Nokav et al in the Bulgarian C# book where creating “sub-problems” is recommended as a way of breaking down large problems into more sizeable chunks to tackle. [10]
Object Orientation is a programming model which organises itself around “objects” that contain data and methods. Composition and polymorphism are three characteristics that help define object orientation and they to some degree help us answer this question. As we know there are Objects composing a programming but these objects themselves can be composed of objects essentially taking a problem program and subdividing the functions so that they can be applied to the right data and at the right time. Polymorphism is where we are able to call objects of different types to call a function that is common to their shared class. Object orientation is literally designed around taking a problem and breaking it down into smaller more manageable chunks which makes code more agile and much more efficient, which would be impossible without functions.



PART B (INTERPRETATION)

In the application provided in the Appendix, there are three problems:

1. When choosing an option from the menu, try entering text instead of numbers.

2. When the user is asked if they wish to quit, the only input value that can be entered is “YES”. Try other variations e.g. “Yes”, “yes”, “y”, etc.

3. Try displaying all the numbers entered.

Run the code perform a series of tests to check these problems exist then:

a. Write a description of these problems, what is causing the problem.

b. Create tests to simulate them (this may take the form of test documentation) and provide evidence that you have run these tests. 

Our first problem with the code is that when being prompted to choose an option we are able to enter a string data type instead of an integer which results in no action being taken as the program does not recognise or expect a value of this type to appear. As we can see below, I have tested for this by attempting to enter non-integer values into the application and found the result of nothing happening
[image: ]
This is allowed to happen as we can see in the below section of code the ReadNumber() function has no data validation, nothing will happen if the user enters text despite the need for the input string data to be able to be converted to integer.
[image: ]

Our second issue is that the user must enter “Yes” specifically to enable them to exit the program instead of being able to enter other variation of yes. As we can see below I have tested this by attempting to enter a “Y” value into the program application resulting a in a return to the main menu.
[image: ]
[image: ]

As we can see from the above code I have actually already edited the code to enable the user to use other variation of yes using or operators in the relevant if statement. Previously however the if statement only had one statement that need to be true before the instruction to quit the program could be carried out.

Our final problem with our code was an issue with option number 4 where if we select option number 4 we would actually be sent to the Quit option instead of displaying all of numbers. Which you can see I have tested on the program by selecting the 4th option trying to display all of my input numbers but instead I have been sent to the Quit option.

[image: ]
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As we can see from the below code:

        static bool ProcessMenu(int option, int[] numbers)
        {
            bool quit = false;

            switch (option)
            {
                case 1:
                    GetNumbers(numbers);
                    break;
                case 2:
                    WriteText(string.Format("The smallest value is {0}", FindSmallest(numbers)), 20, 15);
                    Console.ReadKey();      // Pause
                    break;
                case 3:
                    WriteText(string.Format("The largest value is {0}", FindLargest(numbers)), 20, 15);
                    Console.ReadKey();      // Pause
                    break;
                case 4:
                    quit = IsQuitting();
                    break;
                case 5:
                    quit = IsQuitting();
                    break;
                default:
                     WriteText("Unknown option value entered", 20, 15);
                     Console.ReadKey();      // Pause
                    break;
            }
Case statement 4 is calling the quit variable from the IsQuitting function, which is not going to display the numbers but rather quit the application. From the testing we know it didn’t work and on further investigation I was able to find out why. So after discovering this problem I was able to change the case statement to call my “Print_Numbers” function which does display the numbers in the array and not offer the user an option to quit the application. 


[image: ]
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PART C (IMPLEMENTATION)

· Please See “Code Index”








Code index

Section 1 Part B
· Please see “Assignmen2018_2019”

Section 1 Part C
· Exercise 1: Please see “Exercise1_Variables”
· Exercise 2: Please see “exercise_2_radius”
· Exercise 3: Please see “Exercise_3_Fruit_Machine”
· Exercise 4: Please see “Checkers” 
· 
Section 2 Part C
· Exercise 1: Please see “Name”
· Exercise 2: Please see “exercise2”
· Exercise 3: Please see “Assignmen2018_2019”
· Exercise 4: Please see “Puzzle_Game”
· Exercise 5: Not Completed 
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