Selection Constructs
Decision Making
Being able to create and manipulate data on its own wouldn’t allow us to solve very many interesting problems. For example, we would be able to measure the temperature of a nuclear reactor but we wouldn’t be able to stop the temperature reaching critical levels. A program is a sequential series of instructions.
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We need to be able to make decisions.
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Computers are stupid

The types of questions we can ask in our programs turn out to be very simple, and the art of writing a good program is to ask the right questions, at the right time and in the right order.

We can’t ask questions such as:

What’s the weather like?

Is the water too hot?

All of these questions have to be answered in terms of data values and the comparison of these values. Instead, if the water too hot we must ask is the temperature of the water greater than 60.
For example, say we are reading the temperature from a nuclear reactor.
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If the temperature goes to high (800 degrees) then the reactor explodes, so how we may want to display some alarm when this happens.
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	Name
	Type
	Initial Value
	Multiplicity
	Description

	reactorTemperature
	double
	0
	1
	Temperature of the reactor in degrees


Asking a Question
The difficulty with asking question in a program is that they have to be very simple and can only have an answer of either TRUE or FALSE.

Here are the conditional operators:

	==
	Equal to
	if(x == y)

	<
	Less than
	if (x < y)

	>
	Greater than
	if (x > y)

	<=
	Less than or Equal to
	if (x <= y)

	>=
	Greater than or Equal to
	if (x >= y)

	!=
	Not Equal to
	if (x != y)

	&&
	And
	if (x && y)

	||
	Or
	if (x || y)


Say we have an integer variable X, then

	
	Values for integer x

	Condition
	etc
	-2
	-1
	0
	1
	2
	etc

	(x == 0)
	false
	false
	false
	true
	false
	false
	false

	(x > 0)
	false
	false
	false
	false
	true
	true
	true

	(x >= 0)
	false
	false
	false
	true
	true
	true
	true

	(x < 0)
	true
	true
	true
	false
	false
	false
	false

	(x <= 0)
	true
	true
	true
	true
	false
	false
	false


We now have a new data type bool which can only take the values true or false.

bool myFlagVariable =  true;

You can also write something like this...

int myNumber = 8;

bool myFlagVariable = (myNumber > 5);   
// Because myNumber is 8,
// myFlagVarialble is set to true.

... but we typically don’t do this, but instead use an if-statement (read on to find out more).

These operators are commonly used to select a range of numbers that should be INCLUDED but they also implicitly select a range of numbers that should be excluded from any further consideration.

Making a Choice
Although we can ask a question, we need to be able to use this in our code to change the flow of control of our program i.e. make different pieces of our code execute depending on whether the answer to our question is true or false. We define a code block using curly brackets that is optionally executed.
You do this using an “if statement”.
if( condition is true )
{                                                ( Start of code block
    Perform actions here on the numbers in the INCLUDED range

    of values specified by the operator

}                                               ( End of code block
You use an “else statement” when you also need to consider the excluded range of values. This optional, so if you have no actions to perform on the excluded range of values then don’t use the “else”.
if( condition is true )
{
    Perform actions here on the numbers in the INCLUDED range

    of values specified by the operator

}

else

{

    Perform actions here on the numbers in the EXCLUDED range

    of values specified by the operator

}

Example: Read the temperature and generate an alarm if it more than 800 deg. otherwise display situation normal.

int temperature;

Console.WriteLine(“Please enter the temperature”);
temperature = int.Parse(Console.ReadLine());

if(temperature > 800)
{

Console.WriteLine(“ALARM!!”);
}
else
{

Console.WriteLine(“Situation Normal”);
}

Nested “if statements” are perfectly valid.

if( condition A is true )
{
    
Perform actions here on the numbers in the INCLUDED range

 of values specified by the operator

if( condition B is true )
{
    Perform actions here on the numbers in the INCLUDED range

    of values specified by the operator

}

else

{

    Perform actions here on the numbers in the EXCLUDED range

    of values specified by the operator

}

}

else

{

    Perform actions here on the numbers in the EXCLUDED range

    of values specified by the operator

}

If an “else statement”, contains another “if statement” directly following it, then a shorthand “else if” can be used instead.

if( conditionA is true )
{
    Perform actions here on the numbers in the INCLUDED range

    of values specified by the operator A

}

else if( conditionB is true )
{

    Perform actions here on the numbers in the EXCLUDED range

    of values specified by the operator B

}
else

{
    Perform actions here on the numbers in the EXCLUDED in the range

    of values specified by the previous both the operators

}

Rules for Writing “If” Statements
1. Start by identify the questions required i.e. the conditions (the questions in “computer speak”)

2. Place the curly brackets for the “if” statement before coding the actions in the branches. By implication you must decide whether the else statement is required.

3. Code from outer if-statement to inner if-statements

For example,
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string bookName = “”

double bookPrice = 0;

double discount = 0.0;

double tax = 0.0;

double salesPrice = 0.0;

bookName = Read the name

bookPrice = Read the price

if(bookPrice > 70.0)

{

}

else

{

}

salesPrice = bookPrice + discount;

tax = (15/100)*salesPrice;

DisplaybookName

DisplaysalesPrice

Display(salesPrice + tax)

string bookName = “”

double bookPrice = 0;

double discount = 0.0;

double tax = 0.0;

double salesPrice = 0.0;

bookName = Read the name

bookPrice = Read the price

if(bookPrice > 70.0)

{

discount = (5/100)*bookPrice;

}

else

{

if( bookPrice > 40)

{

}

}

salesPrice = bookPrice + discount;

tax = (15/100)*salesPrice;

DisplaybookName

DisplaysalesPrice

Display(salesPrice + tax)

string bookName = “”

double bookPrice = 0;

double discount = 0.0;

double tax = 0.0;

double salesPrice = 0.0;

bookName = Read the name

bookPrice = Read the price

if(bookPrice > 70.0)

{

discount = (5/100)*bookPrice;

}

else

{

if( bookPrice > 40)

{

discount = (3/100)*bookPrice;

}

}

salesPrice = bookPrice + discount;

tax = (15/100)*salesPrice;

DisplaybookName

DisplaysalesPrice

Display(salesPrice + tax)


Boolean Operators
You can combine boolean conditions to form a single logical operation.

Logical AND

If two or more conditions must be true for a branch to be taken, we can combine them into a single conditional statement.

Instead of .....

if(x < 10)

{


if(y > 5)


{



// Do something   ( only executed when x < 10 and y > 5 are both true

}

}

...we can write

if(x < 10 && y > 5) 
( Test both x and y
{


// Do something

}

Use AND statements to eliminate nested if-statements in the code.

If we represent two conditions as A and B (e.g. A = (x < 10)) then we can write a truth table for the AND operation as follows:

	A
	B
	Result
	

	false
	false
	false
	

	false
	true
	false
	

	true
	false
	false
	

	true
	true
	true
	( Execute code in if-statement


Result of AND operation is only true if both input conditions are true.

You can use AND operators to define a range of values, for example, to test that the variable X contains a value between 10 and 100 (including 10 and 100 themselves).
if(x >= 10 && x <= 100)
{

// Do something
}

Logical OR

You may also want to branch if any of the conditions are true, or in other words we don’t branch if all the conditions are false.

Instead of....

if(x < 10)

{


// Duplicate code
}

else
{ 
            if(y > 5)

// x < 10 was false, so try y > 5 condition

            {


            // Duplicate code 
            }

}

...we can write

if(x < 10 || y > 5)
( Test both x and y
{


// Do something     ( Same code for both conditions

}

Use OR statements to avoid repetition of code blocks i.e. duplicating the same code in two if-statements.

If we represent two conditions as A and B (e.g. A = (x < 10)) then we can write a truth table for the OR operation as follows:

	A
	B
	Result
	

	false
	false
	false
	

	false
	true
	true
	( Execute code in if-statement

	true
	false
	true
	( Execute code in if-statement

	true
	true
	true
	( Execute code in if-statement


Result of logical OR operation is true if either or both input conditions are true.
Often when developing a solution to a programming problem there are multiple alternative solutions. If the solution produces the correct result, then it is a working solution. There may be alternative more efficient solutions, but it is still a working solution. For example: A cheese factory monitors the rate at which the cheeses are produced on the production line. Normally, a nice soothing message is displayed to indicate that all is well with the world, but when the production rate exceeds 800 cheeses an warning alarm should sound and all production should automatically stop when the rate exceeds 1000.
	3. Start with 1000 Shutdown

if(rate > 1000)

{

        // Shutdown

}

else if(rate > 800)

{

        // Alarm

}

else

{

        // Normal

}
	Handle all values over 1000 leaving 1000 or less.

Handle all values over 800 leaving all values 800 or less, but any value above 1000 has already been handled.

Handle all remaining values, 800 or less. 

This is obviously the cleanest solution, but all three will work.

	2. Start with 800 Alarm

if(rate > 800 && rate <= 1000)

{

        // Alarm

}

else if(rate > 1000)

{

        // Shutdown

}

else

{

        // Normal

}
	Handle all values over 800 and less than or equal to 1000, leaving above 1000 and 800 or less.

Handle all values over 1000 leaving all values 800 or less.

Handle all remaining values, 800 or less.

	1.  Start with Situation Normal

if(rate <= 800)

{

        // Normal

}

else if(rate <= 1000)

{

        // Alarm

}

else

{

        // Shutdown

}
	Handle all values less than or equal to 800, leaving 800 or more.

Handle all values less than or equal to 1000 leaving all values 1000 or more.

Handle all remaining values, 1000 or more.


Switch

If we have a variable that we want to compare against a number of known values, the instead of using series of nested if statements we can use a switch statement instead.
This is coded using a switch statement:

switch(variable)
// Variable being tested

{                         ( Switch definition block (NOT a code block)
case value1:

// First value being tested against

// Action matching value 1

break;

// End of actions performed for first value

case value2:

// Second value being tested against

// Action matching value 2

break; 

// End of actions performed for second value

default:

// Match all other values

// Action being performed by default

break; 

// End of actions being performed by default

}                        ( End of Switch definition block
For example:

string shapeToDraw = “Square”;

// Code before switch

switch(shapeToDraw)

{   


( Switch definition block
case “Square”:

// Draw the square

Console.WriteLine(“Draw Square”);

break;

case “Circle”:

// Draw the circle

Console.WriteLine(“Draw Circle”);

break;

case “Triangle”:

// Draw the triangle

Console.WriteLine(“Draw Triangle”);

break;

default:

// Print invalid shape

Console.WriteLine(“WARNING:”);

Console.WriteLine(“Invalid Shape”);

Console.WriteLine(“You entered the shape “ + shapeToDraw);

break;

}


( End of Switch definition block
// Code after switch

Note: You can add multiple code statements between the case and break keywords e.g. let’s say in the above example some code was needed to start and end the drawing of the circle.

case “Circle”:


Console.WriteLine(“Begin Draw”);

// Multiple lines of code

Console.WriteLine(“Draw Circle”);


Console.WriteLine(“End Draw”);


break;

We can also switch on ints:

int securityLevel = 2;

switch(securityLevel)

{

case 1:

// High security clearance

break;

case 2:

// Medium security clearance

break;

default:

// Low security clearance

break;

}

Switch cases are a good place to use enum values e.g.

enum  ClearanceLevel
{


High = 1,


Medium = 2,


Low = 3

}

int securityLevel = 2;

switch(securityLevel)

{

case ClearanceLevel.High:

// High security clearance

break;

case ClearanceLevel.Medium:

// Medium security clearance

break;

case ClearanceLevel.Low:


// The default and low clearance levels

default:




// are the same, by not adding a break
// Low security clearance

// we fall through from one to the other
break;




// Multiple case-statements may execute 
}





// the same code using this technique.
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string bookName = “”
double bookPrice = 0;
double discount = 0.0;
double tax = 0.0;
double salesPrice = 0.0;

bookName = Read the name
bookPrice = Read the price

if(bookPrice > 70.0)
{
}
else
{
}

salesPrice = bookPrice + discount;
tax = (15/100)*salesPrice;

Display bookName
Display salesPrice
Display (salesPrice + tax)


string bookName = “”
double bookPrice = 0;
double discount = 0.0;
double tax = 0.0;
double salesPrice = 0.0;

bookName = Read the name
bookPrice = Read the price

if(bookPrice > 70.0)
{
discount = (5/100)*bookPrice;
}
else
{
if( bookPrice > 40)
{
}
}

salesPrice = bookPrice + discount;
tax = (15/100)*salesPrice;

Display bookName
Display salesPrice
Display (salesPrice + tax)


string bookName = “”
double bookPrice = 0;
double discount = 0.0;
double tax = 0.0;
double salesPrice = 0.0;

bookName = Read the name
bookPrice = Read the price

if(bookPrice > 70.0)
{
discount = (5/100)*bookPrice;
}
else
{
if( bookPrice > 40)
{
discount = (3/100)*bookPrice;
}
}

salesPrice = bookPrice + discount;
tax = (15/100)*salesPrice;

Display bookName
Display salesPrice
Display (salesPrice + tax)
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