Functions
When we are writing a program, we often find that we are using the same piece of code many times in different parts of the program i.e. we have code duplication. If you want to change this code, you have to change it in all the places you have written it in your program. We could avoid this duplication if we could execute the same piece of code.
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In addition, you often find a piece of code that performs a particular function that would be easier to write or understand if it were written separately from the rest of the program code. 

We basically want to break our code up into separate blocks that can be written individually. Say we want to add to numbers together, we can create a function to which we can pass both the numbers and then call it. The function then adds the numbers and returns the result back to the code that called it.
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The block of code that adds the two numbers together is called a function, the numbers passed to it are called parameters, and the result is returned to the calling code.


[image: image3.emf]Start

End

Temperature < 50

Temperature > 800

Increase 

Power

Decrease 

Power

T F

T

F

Read 

Temperature


double temperature = 0.0;

temperature = ReadTemperature();  ( Function to read the entered temperature
if(temperature < 50.0)

{

DecreaseTemperature();   ( Function to decrease the temperature
}

else if(temperature > 800.0)

{

IncreaseTemperature();   ( Function to increase the temperature
}

We are subdividing the problem and hiding the details of how we solve each sub problem. Here we don’t try to work out how to decrease the temperature, that problem is solved in a separate function called DecreaseTemperature. In this way, we take large problems and turn them into a number of small problems that we can solve in isolation.

Functions

In C#, these sub-processes become functions.

A function has:

	name
	The name by which a function is called.

Obeys the same naming rules as variables.

By convention, use upper case letters for each word in the function name.

	return type
	The type of the value to be returned.

Can be set to void if no return value required.

	return value
	Every function must return a value of the same type as specified by the function declaration.

	parameters
	Values to be passed to the function for the function to use.


returntype functionname( parameters )

{


return value;

}

For example, say we have a function called GetMyNumber that returns a value of 10.23 which is a double.

The function is declared like this:

double GetMyNumber()
{


return 10.23;

}

... and is called like this….

double value;

value = GetMyNumber();   ( Call it
If I wanted to add two numbers together, we would do it like this:
int number1;

int number2;

int result;

number1 = 2;

number2 = 3;

result = number1 + number2;

Adding two integers together gives you an integer result (i.e. adding 2 apples and 3 apples gives you 5 apples).

Just for comparison, if we wanted to create function to do this we need to pass two integer values into it and it needs to return an integer value.

You can give the parameters any names that you like, the important thing is that the types of the parameters match the values you want to pass the function and that the type returned is what you want. Here we want to pass in two integer numbers, add them and return the integer result.
int AddMyNumbers(int num1, int num2)

{


int sum = num1 + num2;


return sum;

}

Call it like this…..

int number1 = 1;

int number2 = 2;

int result;

result = AddMyNumbers(number1, number2);

Or you can also just pass values like this ….

result = AddMyNumbers(22, 3);

Returning Void

A function does not have to return a value, to indicate that no value will be returned the return type of the function is set to void. (In English void means “completely lacking, containing no matter” i.e. nothing, so a return type of void means return nothing).
void PrintMessage(string message)

{

    Console.WriteLine(message);

    // No return value required

}

WARNING: Functions in Console Applications
When creating functions in a Console application we will need to add the keyword static in front of them. Do not worry about this; we will not need to do this when we start writing classes later in the course.

static int AddMyNumbers(int num1, int num2)

{


int sum = num1 + num2;


return sum;

}

Passing an Array

An array can also be passed into a function.

int[] myArray = new int[2];

myArray[0] = 1;

myArray[1] = 10;

Swap(myArray, 0, 1);

Here’s a function to swap these values….

void Swap(int[] theArray, int index1, int index2)

{

       int tempVariable;

       tempVariable = theArray[index1];
// Remember (i.e. store) first value

       theArray[index1] = theArray[index2];
// Set first value = second value

       theArray[index2] = tempVariable;          // Set second value = stored first value
}

Passing Parameters by Value

It is important to remember that the values in the parameters are copied. If we have a DisplayMessage() function that has two string parameters the theName of the sender and the theMessage. We declare and initialize two variables called name and message and pass these to the function. The function forms a second code block, with its own set of variables so when we call it the memory is allocated for the parameters (which are just variables) and the values are copied to them. So these variables have the same name but occupy different parts of the memory. When the function returns this memory is freed and the variables no longer exist i.e. they have a lifespan (see later note).
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If the names of the parameter match the names of the variables being passed into the function, the values are still copied.
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We can even declare variables in the functions with the same name as those in other code blocks including the code block from which the function is being called. For example, say we have a fullMessage variable declared in both the functions code block and the code block calling it then we will have two new variables with the same name (see later note and rule).
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Variable Lifespan
Curly brackets are used to specify a code block, any variables created in a code block are destroyed when then end of the code block is reached. 
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Therefore, variables created within a function only exist within that function and are destroyed when the function returns (or reaches its end). 

A new thing we now know about variables is that they have a lifespan and are destroyed at the end of the code block they are declared in.

Variable Naming Revisited

What’s more, although variables in the same code block must have unique names, they may have the same name if they are declared in different code blocks. Variables in different code blocks are treated as different sets of variables that belong to the code blocks themselves.

Variables in the same code block must have unique names.
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Variables in different code blocks may have the same names. Here are two different variables declared in two different code blocks with the same names.
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This means that variables declared in a function are unique to that function and are independent of any other variables in our program. 
RULE: 

Variables in the same code block must have unique names but variables in different code blocks may have the same name.

Example:

A client needs an application that displays a menu with the options:

1. Say hello

2. Say goodbye

3. Say hello again

4. Quit

However, the client wants the user to be able to type “one”, “two” and “three” instead of the numbers 1, 2 and 3. Anything not matching these words should cause the program to quit.

In the future, the client may want this program to support other languages e.g. French, so it must be designed to allow for this by using functions.
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void Main()
{

string num = “”;

int value = 0;

while(val != 4)


// 4 means quit

{

DisplayMenu();

num = Console.ReadLine();

value = ConvertToNumber(num);

DisplayMessage(value);

}

}
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// ======================================================

// Display a menu of options for user to choose from.

// ======================================================

void DisplayMenu()

{

Console.WriteLine(“1. Say Hello”);

Console.WriteLine(“2. Say Goodbye”);

Console.WriteLine(“3. Say Hello Again”);

// Although we will tell user to enter four to quit, actually anything

// other than one, two or three will cause the program to quit.

Console.WriteLine(“4. Quit”);

// void so no return required

}
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// ======================================================

// Convert a string number to its numeric equivalent e.g. one = 1, etc.

// ======================================================

int ConvertToNumber(string numStr)
{

int val = 4;
// Quit if no match found, alternatively set it to zero if 

// you don’t want to quit when an unknown value is entered
if(numStr == “one”)

{

val = 1;

}

else if(numStr == “two”)

{

val = 2;

}

else if(numStr == “three”)

{

val = 3;

}

return val;

}
Note: Typically you just need to convert the string “1” to the number 1 and this function is not necessary, use int.Parse(), double.Parse(), etc 

int val = int.Parse(numStr);
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// ======================================================

// Display the correct message.

// ======================================================

void DisplayMessage(int val)

{

if(val == 1)

{

Console.WriteLine(“Hello”);

}

else if(val == 2)

{

Console.WriteLine(“Goodbye”);

}

else if(val == 3)

{

Console.WriteLine(“Hello Again”);

}

// void so no return required

}

Sequence of Calls

To make it easier to understand the order that functions are called in, we can draw the sequence of calls.
Here we see:

The Main function calling functions A and B

Function A calling function C

Function C calling functions E and F

Function B calling function D
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As a call sequence we can draw this as follows:
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Additional Notes
Question: Do the names of the functions parameters need to match the variable names used when calling the function?
No.

Say we want to display the users name, address and telephone number using a function:
void DisplayUserDetails(string name, string address, string telNo)
{

Console.WriteLine(“Name====: ”+name);

Console.WriteLine(“Address==: ”+address);

Console.WriteLine(“Tel=====: ”+telNo);

}

We might have some code to read the users details and display them:
string userName = “Mike”;
string userAddress = “10 Tree Road”;
string userTelNo = “123456”;
DisplayUserDetails(userName, userAddress, userTelNo);

The values are copied: 

userName to name

userAddress to address

userTelNo to telNo

These names can be different because the values are copied. To make this more obvious, we can pass the values directly to the function without using variables like this:
DisplayUserDetails(“Mike”, “10 Tree Road”, “123456”);

Question: Why do the values in the function get lost when we return from the function?

The values copied into the parameters are “copies”, so you can change the copies without affecting the values passed into the function. When we specify a parameter, a new variable is created for it and the value we pass into the function is copied into it. When the function finishes i.e. at the end of the functions code block, these variables are destroyed.
int val = 5;

// val is 5

ChangeVal(val);

// val is still 5

… here’s the code for the function

void ChangeValue(int v)

{

        // Copied value v is 5

v = v + 8;

// Copied value v is 13

}
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Question: Why do string values change?

If you pass a string into a function and modify it, then the original string passed into the function is also changed.

void SetString(string str)

{

str = “Hello”;

}

… used like this ….

string message = “”;

SetString(message);

// message now says Hello

Console.WriteLine(message);

I don’t want to explain this in much detail, but just to say that string values are immutable which means they can’t be changed. In effect, a string variable contains the address of a string so when we set it to “Hello” the address is changed both inside and outside the function call.

Passing Parameters by Reference

As we have seen, the values passed into a function are copied so if we change the value of the parameter in the function the original value passed into the function is not changed. But say we do want to change it. Instead of copying the value we want to copy the memory address of the variable.
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To pass a variable’s address into a function instead of it’s’ value, is known as passing by reference and the parameter is marked with the ref keyword.
void AddNumbers(int x, int y, ref int total)

{

total = x + y;

}

Somewhere in our code, this how we might use this…..

int num1 = 10;

int num2 = 20;

int sum = 0;

AddNumbers(num1, num2, ref sum);

Setting sum = 0, is a bit of a waste because we change it immediately in AddNumbers(). Not initializing the variable before passing it into the function would give an error, so to get around this we have to change the keyword ref to out instead.
void AddNumbers(int x, int y, out int total)

{

total = x + y;

}

Somewhere in our code, this how we might use this…..

int num1 = 10;

int num2 = 20;

int sum;

// Not initialized

AddNumbers(num1, num2, out sum);

These ideas are summarized below:

	Call
	Function Declaration
	Description

	int count;

count = 2;

count = Increment(count);

Console.WriteLine(“Count is “ + count);     (prints 3


	int Increment(int number)

{

    return number + 1;

}
	in

Value is copied to function, use return to provide value to calling function

	int count;

count = 2;

Increment(ref count);

Console.WriteLine(“Count is “ + count);     (prints 3


	void Increment(ref int number)

{

    number = number + 1;

}
	inout

Value is passed in and can also be changed

	int count;

Increment(out count);

Console.WriteLine(“Count is “ + count);     (prints 1


	void Increment(out int number)

{

    number = 1;

}
	out

Argument has no value when passed in, function must give it a value


Checking Text Contains Numbers

You can check if a string can be converted to a number using a function called TryParse() which is an example of a function that uses the out keyword for an argument. In this case, the argument number is used to return the number produced when the string is converted because the return from the function is a bool which indicates whether the number was converted successfully. This function takes the form;

bool TryParse(string text, out int number)

{
            // DOES THE NUMBER CONVERSION
            number = the number derived from the provided text.


return true;
// Return true if the string can be converted to a number

}

text = “22” ( true, can be converted to a number 22

text = “tw” ( false, can’t be converted to a number

number = correct number e.g. 22, if text can be converted to a number

There are different versions of this function depending on the type of number you are converting the text to, as specified by the type preceding the TryParse().  Say we want to convert a string to an integer then we would use int.TryParse() as follows:

int myIntNumber;

// This variable will contain the converted int number
string myIntString = “22”;
// This is the string to be converted
Use it like this …..

bool result = int.TryParse(myIntString, out myIntNumber);
// Read result

if(result == true)
// Check result

{


// Successfully converted to number


Console.WriteLine(“Number is “ + myIntNumber);

}

…..or simply, like this…

if(int.TryParse(myIntString, out myIntNumber) == true)
// Read and check
{


// Successfully converted to number


Console.WriteLine(“Number is “ + myIntNumber);

}

else

{


// Error myIntString can’t be converted to a number

}

There are equivalents for doubles, etc, e.g. double.TryParse(….)
Alternatively, just write


return num1 + num2;
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