Clive Morley IMO
                                                                                                                             
November 2000 

[image: image1.jpg]HUDDERSFIELD
NEW COLLEGE



             

L6 A-Level Computing

Algorithms and Pseudocode

Algorithms

An algorithm is a sequence of instructions used to solve a problem.

Note the word sequence in this definition. It means there is an order to the instructions.

Algorithm Constructs

Pseudocode
Pseudocode is a method of writing down an algorithm

Pseudocode does not use the syntax of any particular programming language but it does show the structure of a solution.

It is important that 'blocks' and loops are indented to show the structure clearly.

There are not really any  conventions used in pseudocode but I would suggest using the following:

For any input/output...

input (mark)
output (totalmark)
using appropriate variable names,...
and use := to assign values...

counter := 0
The basic 'constructs' of an algorithm are :

Sequence : A number of instructions is processed one after the other.eg

	statement 1;

	statement 2;

	statement 3;


 

	Pseudocode example
	Pascal code

	input(name)
input(age)
output(message)
	write('Please enter your name');
readln(name);
write('Please enter your age');
readln(age);
writeln('How young you are ',name)


 

Selection : The next instruction to be executed depends on a 'condition' :

	if (condition is true) then
	 
	 

	 
	statement 1
	 
	

	else
	 
	 
	

	 
	statement 2;
	 
	

	 end if
	 
	 
	


 

	Pseudocode example
	Pascal code

	input(name)
input(age)
if age < 21 then
    output(young message)
else
    output(old message)
end if
	write('Please enter your name');
readln(name);
write('Please enter your age');
readln(age);
if age < 21 then
begin
    writeln(name);
    writeln('How young you are.')
end
else
begin
    writeln(name);
    writeln('Gee -  you're so old!')
end;


 

Iteration : A number of instructions is repeated....

(a)...a fixed number of times:
	for 20 times do

	statement 1;

	statement 2;

	end do


 

	Pseudocode example
	Pascal code

	for 20 times do
    draw a line
end do 
	for i := 1 to 20 do
begin
    for j := 1 to 40 do write('-');
    writeln
end


[Note in the program that a loop is used to draw the line. This is an example of a 'nested loop' - a loop inside another loop]
 

(b)....until a condition is met:
	 
	repeat
	 

	 
	 
	statement 1;
	

	 
	 
	statement 2;
	

	 
	until (condition is met)
	 

	or
	 
	 
	

	 
	while (condition is true) do
	 

	 
	 
	statement 1;
	

	 
	 
	statement 2;
	

	 
	 end while
	 


 

	Pseudocode example
	Pascal code

	repeat
    input (mark)
    add mark to total
until mark = 0
	repeat
    writeln('Enter mark (0 to end)');
    readln(mark);
    total := total + mark;
until (mark = 0);


Counts

A variable (integer) is used to count values which satisfy a certain condition.

Remember counting always starts from 0 so the value of the variable must be initialised to 0.

Example
20 marks are to be input. How many of them are over 50?
We will use a variable called 'counter' to store the number of marks over 50.
The pseudocode algorithm is..

	counter := 0
	 
	 

	for 20 times do
	 
	 
	

	 
	input (mark)
	 
	
	

	 
	if the mark is over 50 then
	 
	

	 
	 
	add 1 to counter
	
	

	 
	end if
	 
	
	

	end do
	 
	 
	
	

	output (counter)
	 
	 
	


Rogue Values

A sequence of inputs may continue until a specific value is input. This value is called a rogue value and must be a value which would not normally arise.

Example
A number of marks is to be input (terminated by a rogue value of -1). How many of them are over 50?
Note that -1 is a value which would not arise. 
(Have you ever got -1% in an exam? - don't answer that!)

	counter := 0

	repeat

	 
	input (mark)

	 
	if mark > 50 then

	 
	 
	add 1 to counter

	 
	end if
	 

	until mark = -1

	output(counter)


You will need to be careful that you do not 'process' the rogue value!
The general 'shape' of an algorithm which uses a rogue value will be...

	counter := 0

	repeat

	 
	input (item)

	 
	if item is not the rogue value then

	 
	 
	process item

	 
	end if
	 

	until item = rogue value

	output(counter)


Totals

If a sequence of numeric items is to be input and added up then a variable is used for the total and this will need to be initialised to 0.

Example
10 marks are to be input and added together.
A variable called total will be used to store the added marks. Each time a mark is input, it is added to the total.

The pseudocode algorithm will be...

	total := 0

	for 10 times do

	 
	input ( mark)

	 
	total := total + mark

	end do

	output(total)


Another example (combining rogue value, count and total)
Marks are to be input terminated by a rogue value of -99. The average of the marks is to be calculated.
The pseudocode algorithm for this problem would be..

	count := 0

	total := 0

	repeat

	 
	input (mark)
	 

	 
	if mark is not rogue value then do
	 

	 
	 
	increment count
	 

	 
	 
	add mark to total
	 

	 
	end do
	 

	until mark = rogue value

	average := total / mark

	output (average)


Note : Pseudocode is not rigorous - I have put
'add mark to total'

instead of
'total := total + mark'
This is not important as long as 
(a) the meaning of the instruction is clear, and
(b) the code shows the structure...and indenting the 'blocks' is really really really important.

Scope of variables

Subroutines
A subroutine is a small section of program which can be 'called' (run) from anywhere else in the program...and as many times as necessary.

There are two types of subroutine (in Pascal)....

1. Procedures - which perform a specific task..eg draw a box on screen 

2. Functions - which return an answer...eg a mathematical calculation 

Every subroutine has a name. The subroutine can be called by using its name.

Bottom of Form

 

Example (Pascal)
Two numbers are input and their product is calculated and output.

This program uses a subroutine (procedure) which draws a line of 20 dashes. This subroutine is called twice from the main program.

(Make sure you fully understand how this program works)

	program Product; 
	  

	var Num1, Num2,Answer : integer;
	{GLOBAL variables}

	 
	 

	procedure DrawLine;
	{procedure}

	var i : integer;
	{LOCAL variables}

	begin
	 
	 

	 
	for i := 1 to 20 do write('-');
	 

	 
	writeln;
	 

	end;
	 
	 

	 
	 

	begin
	 
	{Main program starts here}

	 
	write('Please enter first number ');
	 

	 
	readln(Num1);
	 

	 
	write('Please enter second number ');
	 

	 
	readln(Num2);
	 

	 
	writeln(Num1:20);
	{formatted to a width of 20}

	 
	writeln(Num2:20);
	 

	 
	DrawLine;
	{Call procedure}

	 
	Answer := Num1 * Num2;
	{Calculate answer}

	 
	writeln(Answer : 20);
	 

	 
	DrawLine
	{Call procedure again}

	end.
	 
	 


Scope of Variables.
When a variable (or constant) declaration is made, the computer reserves space in memory for storing its value.

The scope of a variable (or constant) is the section of program when a variable's value may be accessed.

Global variables exist throughout the run of a program. They are declared at the start of a program and values may be accessed at any time during the run of the program.

Local variables are declared in a subroutine. They are created when the subroutine is started  and only exist for the time the subroutine is run. When the subroutine is completed the memory space reserved for local variables is released for other use.

Note : It is important that variables and constants should be declared locally if possible. This saves memory space when programs are run.

Parameters.

In the previous example we had a Pascal procedure which drew a line of 20 dashes :

	procedure DrawLine;

	var i : integer;

	begin
	 

	 
	for i := 1 to 20 do write('-');

	 
	writeln;

	end;
	 


..which is OK but what if sometimes we wanted lines with 10 dashes and sometimes lines with 40 dashes ...and so on...

The way to do this is to pass a parameter to the procedure...

	procedure DrawLine( NumDashes : integer);

	var i : integer;

	begin
	 

	 
	for i := 1 to NumDashes do write('-');

	 
	writeln;

	end;
	 


and when we call the procedure we put in brackets the value of the parameter we would like to pass....

	 
	DrawLine(40);


for a line of 40 dashes or

	 
	DrawLine(10);


for a line of 10 dashes.

Suddenly our procedure DrawLine is much more useful!

Another important point about subroutines....
Subroutines should be designed to be as 'self-contained' as possible. This means that they should not rely on variables or results from other subroutines - and they do not use variables declared globally if it can be avoided. The interface of a subroutine should only be through its parameters.
A well-designed subroutine should be capable of being used in programs other than the one for which it was originally designed.
Logical operations

There are 4 main logical operators which may be used in algorithms (programs)...

· NOT 

· AND 

· OR 

· XOR 

Examples :
If not (x = 100) then output(message)
means that the message will be output if the value of x is not equal to 100.

If (x  > 19) and (x < 50) then output(message)
means that the message will be output if both conditions (x > 19) and (x < 50) are true...ie if x lies in the range 20..49 (inclusive).

If (x < 20) or (y < 30) then output(message)
means that the message will be output if one or other (or both) of the conditions (x < 20) or (y < 30) are true.

If (x < 20) xor (y < 30) then output(message)
would output the message if one or other (but not both) of the conditions (x < 20) or (y < 30) are true.

Top of Form

Bottom of Form

These logical operators are useful in SQL(Structured Query Language) statements which are used for searching databases.

Example
Suppose you wanted to find all the people called Smith who live in Cardiff but do not have either a dog or a cat...your query may be something like...

(name='Smith') and (town='Cardiff') and not((pet='dog') or (pet='cat'))
Algorithm Testing

How do you know if your algorithm (program) works?

Well..you test it...Try it out with a variety of test data and see if any problems arise.

One technique is to dry run the program.

This involves writing down a table of the instructions which are executed and noting the values of all the constants and variables as each instruction is executed. Such a table is called a trace table.

Example
This is a procedure which does nothing sensible (except illustrate how a dry run should be done!).

Suppose we wanted to test a procedure called 'Frenzy' which uses a parameter 'Num'. 

	procedure Frenzy( Num : integer);

	var i ,fred : integer;

	begin
	 

	 
	fred := 5;

	 
	for i := 1 to Num do 

	 
	begin

	 
	 
	fred := fred - i;

	 
	 
	writeln(fred);

	 
	end;
	 

	 
	writeln('Done);

	end;
	 


To dry-run this procedure we need to create a trace table with column headings:

· the instruction being executed 

· the values of each variable after execution (Num, i and fred) 

· any output done 

The trace table for the procedure Frenzy(3) would be...

	Instruction
	Num
	i
	fred
	Output

	Start up..
	3
	 
	 
	 

	fred := 5
	3
	 
	5
	 

	for i := 1 to Num do
	3
	1
	5
	 

	fred := fred - i
	3
	1
	4
	 

	writeln(fred)
	3
	1
	4
	4

	for i := 1 to Num do
	3
	2
	4
	 

	fred := fred - i
	3
	2
	2
	 

	writeln(fred)
	3
	2
	2
	2

	for i :=1 to Num do
	3
	3
	2
	 

	fred := fred - i
	3
	3
	-1
	 

	writeln(fred)
	3
	3
	-1
	-1

	writeln('Done')
	3
	3
	-1
	Done


Notes about the above...

· begins and ends are ignored - they do not affect any values 

· each time the loop instruction (for i := 1 to Num) is executed the value of i is incremented. 

· the parameter value is immediately entered at the beginning. 

Even if this procedure does nothing sensible, it is a good procedure because it does not use values or results from other procedures. ie we can test it on its own.
Okay..so you need a lot of paper...but it is a useful technique if you have a program which does not work properly....and it really is useful when doing Assembly Language programming...but that's another story....

Selection of Test Data
When testing an algorithm, you need to run a sequence of tests. If it works once, that does not mean it will work every time!

Select...

· data which is 'normal' 

· data which is extreme 

· data which is incompatible ie data of the wrong type 

· data which is non-existent ie zero or null data 

Example
If you are testing a procedure which calculates the VAT on the price of a purchased item, choose

· sensible prices eg £12.50 

· very large or very small prices eg £0.01 or £12,000,000,000,000,000.00 

· try giving it a string! eg 'Hello' 

· try £0.00 or even a null input. 





















