Variables

What is a program?

A program is a sequence of instructions. For example, say we programmed a computer to make a cup of tea then we might use the instruction sequence.
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The processor executes the instructions in a program sequentially i.e. one-after-another in the same way.

Data
All programs must process data e.g.

Microsoft Word handles text

Microsoft Excel handles spreadsheets including many calculations on the stored numbers

The processor performs the calculations but where does the data get stored?

If we want to store if for a long time it’s stored on the hard-drive, memory stick, CD, DVD, etc. Unfortunately, these storage devices are too slow for the processor. In fact, very often if your computer is running too slow it’s probably because the program(s) are reading lots of data or writing the data from/to the hard drive.

The solution is to transfer data from the hard drive to the memory of the computer which is much faster. But memory is very expensive compared hard disk space; hence the small amounts of memory 8GB versus hard disk size 100GB-2TB in your computer. To get this to work, the operating system manages the transfer of data to and from the hard drive. If many programs are running at the same time, the operating system runs out of memory to store all the data required. In this case, the operating system has to swap the data in-and-out of memory as each program requires it.
To be able to access each value in the memory, the processor needs some way of identifying its location so each value is given a unique address.
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How does a program use the data?

As we already stated, every data value we want to use is stored in memory and has a unique address. 
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If we want to copy a value to and from memory then we could write instructions as follows:-
LOAD 0x00104567, 22     …. Load value 22 to memory address 0x00104567

MOVE 0x00104567, R1   ….. Move the value from memory at address 0x00104567

  to register R1

Writing programs like this is very tedious, so we use a software program called a compiler to help us. Instead of worrying about memory addresses and registers, the compiler allows us to specify and use our own names for this data. Say we want to store the total cost of a customer’s bill, we might name this value “cost” and change the instructions to:  

LOAD cost, 22     …. Set the cost to £22
This is still a bit awkward, so the compiler allows us to write this even more simply as:
cost = 22

Note: there is no mention of the memory address, registers or loading a value to memory because the compiler handles it all for us. However, we still need to remember that each value is stored in memory and has an address even though we don’t specifically need to know it.
Data Types

When we create variables we must think about the kind of information we are storing in them. Read the problem you are presented with and decide what at the quantities (i.e. the data) and then decide what kind of information they represent. For this course, here are the basic kinds of information:-

	Whole Numbers
	Positive and Negative numbers with no decimal point

	Floating Point Numbers
	Positive and Negative numbers which could require a decimal point

	Strings
	Text

	Booleans
	true or false values


Here are some examples of different kinds of information:-

	Counts: Number of things, etc
	Whole Numbers

	Money: prices, discounts, losses, etc

Measurements: length, temperature, etc
	Floating Point Numbers


When we create a variable we must specify a data type to reserve enough memory to hold the kind of information we need to store and to specify the legal operations we can perform with it e.g. we can subtract numbers but not Booleans. The four types we will use on this course are:

	int
	Whole Numbers

	double
	Floating Point Numbers

	string
	Strings

	bool
	Booleans


Remember, think about the kind of information being stored and that will give you the type of the variable.

Here are some more kinds of information and data types:-

There are a number of different types of values we can use including:

Unsigned whole numbers e.g. 1, 2, 3,…,92, 93, etc. Only + values.
Signed whole numbers e.g. -1, 2, -3,…,92, -93, etc. Both + and – values.

Unsigned floating-point numbers e.g. 1.1, 1.2, 1.0001, 2.2334, etc. Only + values.
Signed floating-point numbers e.g. -1.1, 1.2, -1.0001, 2.2334, etc. Both + and – values

Characters e.g. A, B, C, etc

Text e.g. “Hello”, “Goodbye”, etc
A programming language has a number of different data types.

In C#:

	Value type 
	Category 

	bool 
	Boolean

	byte 
	Unsigned, numeric, whole-number

	char 
	Unsigned, numeric, whole-number

	decimal 
	Numeric, decimal

	double 
	Numeric, floating-point

	enum 
	Enumeration

	float 
	Numeric, floating-point

	int 
	Signed, numeric, whole-number

	long 
	Signed, numeric, whole-number

	sbyte 
	Signed, numeric, whole-number

	short 
	Signed, numeric, whole-number

	string
	Text

	struct 
	User-defined structure

	uint 
	Unsigned, numeric, whole-number

	ulong 
	Unsigned, numeric, whole-number

	ushort 
	Unsigned, numeric, whole-number


The data type defines the values that can be stored in the variable. 

int count = 10;


// Count value is set whole number 10
double cost = 10.50;

// Cost is floating point

float profit = 3.56f;

// Profit made

string name = “Mike”;
// Name is a string

For the type float, the number must be followed by an “f” e.g. 3.56f, because of this I would recommend using doubles instead during this course.

Strings are a number of characters contained within inverted commas (quotation marks).

“This is a string”

“This is another string”

Be careful, if using quotation marks with a string i.e.
“Tom said “Hello Bob”, and then walked away.”

this must be written as….

“Tom said \“Hello Bob\”, and then walked away.”

The compiler ensures that you can’t store the wrong value type in the variable and you will get an error if you try e.g.

int count =  “this is a string”;
// Generates an error because an int requires a whole 

// number not a string
Data Types and Legal Operations

The compiler uses the value type so that it can determine the kinds of operations which can be performed on the variable. For example, subtracting a number from a number seems a reasonable operation to perform…

int number = 22 – 2;

….but it doesn’t make much sense when dealing with strings …

string name = “Bob” – 4;
// Subtract 4 from “Bob”, this is meaningless!!!

How much memory do the values require?

Compare the two values:
int number = 22;

string sentence = “To be or not to be, that is the question“
Clearly the string “To be or not to be, that is the question“ value needs more memory than the value 22.

A data type specifies the amount of memory required to store the value and the correct “kind of” value is stored to ensure the correct operations can be performed on the value.

BEWARE, BECAUSE PROGRAMMING VARIABLES HAVE DATA TYPES THEY ARE NOT THE SAME AS MATHEMATICAL VARIABLES YOU HAVE ENCOUNTERED IN ALGEBRA

Variables
A data value used in a program is known as a variable. The 5 things you need to know about a variable are:
	Unique Identifier
	Each variable has a unique name

	Value
	Stores a value

	Address
	Has a memory address because it’s stored in memory

	Type

	Kind of information
	Specifies the type of value that can be stored and therefore the operations that can be performed e.g. you can subtract numbers.

	Memory Size
	The amount of memory required to store the value


Variable Names
[1] Must not contain spaces

[2] Can’t start with a number, although may contain a number in the middle or end 

[3] Must not contain operators such as +,-,=,<,>,?,/, etc

[4] Must be meaningful

[5] Must start with a letter or underscore ( _ ).

[6] Can contain a mixture of letters, numbers and underscores

[7] Can be mixed case (upper and lower case), names are case sensitive
The following are illegal:

1One

+AVar

-Dog

22Car

The following are legal:
One

Number22

The_Bike

aDog

theCat

bikeCount

The_Bike_Count

In C#, names are case sensitive. Therefore,

int dogs;

int DOGS;

int Dogs

int doGs;

int dOGS;

are all different variables.

By convention, we will make all variable names begin with a lowercase letter and use uppercase letters for indicate the start of each word in the name e.g.
count

cost

theCount

totalCost

customersHomeAddress

Use meaningful names for you variables. Say we want to store the number of cars parked in a garage, then don’t use names like….

c

co

cpig

….. instead use names like …..

cars

parkedCars

carCount

parkedCarCount

numberOfParkedCars

numberCars

Often we shorten some of these words e.g. num = number, cnt = count, etc.

carCnt

parkedCarCnt

numCars

So, here’s my choice:

int parkedCarCnt = 0;

Using a Variable

There are two stages of creating a variable in a program, declaration and initialization.
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You can also combine both these steps. Here’s an example showing both techniques:

int parkedCarCnt;

parkedCarCnt = 0;

int parkedCarCnt2 = 0;

When we use numbers or strings in our code, these are known as literals e.g. 0, 100, 2.3, “Hello”, etc
In an instruction using variables, the Right Hand Side is assigned to the Left Hand Side e.g.
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The kind of information (type) on the right hand side must match the kind of information (type) on the left hand side.
	int myNumber;

myNumber = “Hello World”;  WRONG
	int myNumber;

myNumber = 8; CORRECT


Many operations including mathematical operations will need the result to be assigned to another variable.

THE GOAL OF AN ASSIGNMENT IS TO STORE A VALUE IN A VARIABLE
Ending Instructions

All instructions must end in a semicolon ( ; ) in the same way that all sentences in a book must end in a full stop. A book without full stops wouldn’t make much sense, likewise code with semicolons can’t execute. 
Identifying Variables

One of the most difficult problems in programming is identifying the variables and their types.

Fixed Values (i.e. Literals)
When initializing variables we often want to use a specific value. Instead of using a value directly, we should use a name that has more meaning. Constants allow us to do this:

const double Pi = 3.142;

We can’t change a constants value once we initialize it, but we use it as follows:

double val = Pi;

double radius = 2.0;

double circleArea = Pi*radius*radius;

If we have a list of related values we can use an enum:

enum Temperature

{

Cold ,

Medium,

Hot

}

But you have to declare it before the Main code block i.e.

Class Program

{

        enum Temperature

        {

                Cold,

                Medium,

                Hot

        }

        static void Main(string[] args)

        {

                Temperature currentTemp;   // Declare variable 

                currentTemp = Temperature.Hot; ( Note the dot syntax

        }

}

List or Running Total

A client needs a shopping cart program that allows them to enter a list of products being purchased by a customer and then display the total cost.

In this scenario we have to decide what “a list of products” means. We can interpret this literally, so that the user enters each products detail into a list and then the programme calculates the total cost. Alternatively, we might interpret it as keeping a running total as each price is entered.
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	Algorithm 1:

Declare list variable

Declare product price and total cost variable

Initialize list variable by creating a new list to contain the numbers entered

Initialize the total cost variable to zero.

For each price entered:


Read product price entered


Add product price to the list

For each price in the list:


Add the price to the total cost

Display the total cost


	Algorithm 2 keeping a running total:
Declare product price and total cost variable

Initialize the total cost variable to zero.

For each price entered:


Read product price entered


Add product price to the total cost

Display the total cost




Clearly keeping a running total is easier.

Operators
We need to be able to perform calculations with the variables and a programming language provides a number of operators.

	+
	Add values

	-
	Subtract values

	*
	Multiply values

	/
	Divide values

	%
	Modulus (Remainder of division) 


	1

2

3

4

5

6

7

8
	int numOne = 3;

int numTwo = 4;

int result;

result = 4 + 5;



// result is 9

result = numOne + numTwo;

// result is 7

result = numOne * numTwo;

// result is 12

result = numOne + 100;

// result is 103


If you add 2 apples to 4 apples you get 6 apples not a pineapple, a pear or an orange, etc. In other words, if you add an integer to another integer you get an integer result.

2 apples + 4 apples = 6 apples

2 (an integer) + 4 (an integer) = 6(an integer)

2.0( a double) + 0.12(a double) = 2.12(a double)

int number1;

int number2;

int result;

result      =   number1 + number2;

(integer)      (integer)    (integer)
Here’s a trace chart showing how the variable values change as each instruction is executed:

	LineNo
	numOne
	numTwo
	result

	1
	3
	
	

	2
	3
	4
	

	3
	3
	4
	?

	5
	3
	4
	9

	6
	3
	4
	7

	7
	3
	4
	12

	8
	3
	4
	103


You can omit blank lines from the trace chart e.g. line 4 in the above code has been skipped in the trace chart because there is no code on that line.

The right-hand side is always calculated first then assigned to the left-hand side.

It’s perfectly legal to use the same variable on both sides of an equation…

result = 5;
someValue = 2;
result = result + someValue;

// result is 7

The next figure shows how this works.
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Another example is,

result = 1;

result = result + 1;
// result is 2

result = 10;

result = result – 1;
// result is 9

Incrementing and decrementing a number is so common that operators are provided specifically for this operation:

	++
	x = x + 1
	Increment a value

	--
	x = x - 1
	Decrement a value


result = 8;


result++;
// result is 9

result--;
// result is 8

Paranthesis

The precedence of the operators is given by BODMAS:

	B
	Brackets first

	O
	Orders (ie Powers and Square Roots, etc.)

	DM
	Division and Multiplication (left-to-right)

	AS
	Addition and Subtraction (left-to-right)


Any parts of the calculation contained within brackets are performed first.
result = 2;

numOne = 3;

numTwo = 4;

result = numOne + numTwo * result;

// result is 11

result = (numOne + numTwo) * result;
// result is 14

Negative Numbers

Negative numbers are often used to represent losses or debts e.g. 

+£10  is a profit

- £10 is a loss

It is worth remembering that multiplying a negative value by another negative value gives you a positive values e.g.


-10 * -2 = +20

Or more interestingly 

-1 * -10 = -1 * (-10) = +10 

we usually drop the -1 and just write the minus sign

-(-10) = +10

Written in C# it would look like this....
int num1;

int num2;

int result;

num1 = -10;

num2 = 20;

result = -num1;
( result = +10
result = -num2;
( result = -20
Subtraction is basically the same idea, multiply subtrahend by minus one and add it to the minuend to get the difference e.g. to subtract 10 from 20.

20 - 10 = 20 + (-10) 

            = 20 + (-1 * 10) 

            = 10
What if we subtract -10 from 20....

20 – (-10) = 20 + (-(-10)) 

                 = 20 + (-1 * -10)    ( negative * negative = positive

                 = 20 + 10 

                 = 30 

Why is this useful?

Say we have £50 in our bank account, and we can borrow up to £100. How much can we take out of our account?

Assume debt is a negative value, our overdraft is -£100.

£50 – (-£100) = £150

Why write it this way?

Say we already have a debt of £30.

-£30 – (-£100) = £70,  the remainder of our overdraft
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In C# we might write this as:
float overdraftLimit;

float balance;

float availableCash;

overdraftLimit = -100.0;

balance = -30.0;

// In debt.

availableCash = balance – overdraftLimit;
Floating Point Division
A common mistake is to divide to integers and expect to see the fractional value produced.

int dividend;

int divisor;

double quotient;

dividend = 10;

divisor = 20;

quotient = dividend/divisor;
( result should be ½ i.e. 0.5

However, the result is zero. Why?

The reason is that at an integer divided by an integer is an integer (a whole number) and the fractional value is lost i.e.

10/20 = 0

Even though we assigned it to a double variable named quotient, the integer value 0 simply becomes the floating point value 0.0 which is not much better.

Solution is to make sure that either the dividend or divisor is a float point value i.e.

10/20.0 = 0.5 
and 10.0/20 = 0.5
If you have two variables as shown above then convert (cast) one to a double.

quotient = (double)dividend/divisor;

You can convert a string to an enum value, e.g. say we want to convert a string to the Temperature:





string enteredTemperature = “Cold”;


Temperature temp;





temp = (Temperature)Enum.Parse(typeof(Temperature), 


                                                     enteredTemperature); 








_1314959544.vsd
ADDRESS


VALUE


XXXX


22


XXXX


A


XXXX


1111


MEMORY


PROCESSOR


 ADDRESS 


 VALUE 



_1314970809.vsd
£3


£2


£3


£2


£4


SUM


£14


£3


£2


£3


£2


£4


£3


£7


£9


£11


£14


SUM


SUM


SUM


SUM


SUM


RUNNING TOTAL


BUILD LIST THEN SUM



_1316003709.vsd
cost	=	10;
LHS		RHS


assign (10)


cost	=	10 + 3;
LHS		RHS


assign (13)


cost	=	cost + 1;
		10 + 1
LHS		RHS


assign (11)


cost	=	10;
LHS		RHS


assign (10)


Known as an incrementing (adding 1)



_1364713251.vsd
£0


£50


-£30


-£100


50 – (-100) = 150


50


100


-30 – (-100) = 70



_1314990471.vsd
5


5


2


result


5


2


someValue


result = 5


someValue = 2


2


result


someValue


result + someValue


7


1.


7


2


2.


3.


result


someValue


result = result + someValue


7



_1314966302.vsd
Declaration


Initialization


int parkedCarCnt;


parkedCarCnt = 0;



_1314957460.vsd
Start


End


Get Cup


Get Milk


Get Tea


Get Kettle


Pour Water into Kettle


Boil Water


Other Steps



