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Program Design and Algorithms

Introduction
· What the course is about 

· What the course attempts to do 

· What you need to know 

· What will you get from the course 

· How long will the course take 

· What is in the course? (Jump here if you are in a hurry to start!) 

· A study guide 

What the course is about:

We write computer programs in order to solve the kind of problems which can be solved by computer systems. For example, managing large databases, calculating and processing payrolls, maintaining medical records systems. For all of these data-processing problems or scenario's there are some fairly well-defined steps in arriving at a working system: 

1. The original idea, theme, task or problem is stated 

2. The analysis of the problem 

3. The design of the solution 

4. The construction of the solution 

5. Testing and verification of the solution 

6. Maintenance and enhancement of the solution 

What the course attempts to do:

This course introduces some tools and techniques which can be used in steps 3 and 4 and concentrates on designing programs which will be written in Third Generation Computer Programming Languages known generally as 3GL's. This course should provide a good foundation for a first computer programming course using a 3GL. Even if you don't intend going on to be a computer programmer you will find some useful techniques in this course that will enhance your problem-solving skills.

What you need to know:

You don't need any special computer skills to complete this course and every effort is made to explain new or unfamiliar terms. You will find many worked examples and questions for you to attempt. 
What you need to do the course:

You will need a computer which can run Netscape or Internet Explorer, this course hypertext material and pen and paper.

What will you get from the course?

Apart from the obvious personal achievement of completing a rewarding and challenging study this course will: 

· provide a solid foundation for the study of computer languages like C, C++, Pascal, Fortran, COBOL. All these languages are used extensively in the construction of software systems. 

· provide a solid foundation for entry into university undergraduate degree programs in computing and information technology. 

· provide a good adjunct to studies in computer science and information systems. 

How long will the course take?

I estimate that it should take twenty to forty hours of study to complete all the material in this course. If you have a background in computing or computer programming you will probably take even less time but remember time is not that important, the important thing is to absorb and understand what you are studying.
What is in the course:

1. Computer programs - the introduction 

· What is a computer program? 

· development of computer languages, 

· some samples of computer program code, 

· the source-program - sink diagram, 

· information and data, the difference. 

2. Algorithms - a definition and the different ways of specifying algorithms 

· programs = algorithms + data, 

· what is an algorithm - a definition, 

· the key features of an algorithm, 

· Ways of stating algorithms, step form, pseudocode, flowchart. 

· A strategy for designing algorithms. 

3. Software Development Life Cycle - SDLC - the stages in the life cycle of the software system 

· Where does program design fit in the process of software engineering? 

4. Step-Form algorithms - the simplest form of algorithm and trace tables 

· using a design strategy, 

· refining the algorithm, 

· building a trace table. 

5. Pseudocode - somewhere between human language and 3GL 

· What is pseudocode? 

· the pseudocode statements for input, output, iteration and processing, 

· using a pseudocode language to represent programs, 

· using arithmetic, relational and logical operators in pseudocode, 

· using subprocesses/subroutines in pseudocode. 

6. More work with loops and sequence 

· using nested loops, 

· using compound statements and indentation. 

7. Flowcharts - simple, concise and accurate 

· what program flow chart is, 

· what symbols and constructs are used in drawing flow charts, 

· what the guidelines are for drawing flow charts, 

· how to use flow charts in program design, 

Introduction - Computers, Programs and Generations


After completing this lesson you should be able to: 

1. define what is meant by a computer 

2. define what is meant by a computer program 

3. briefly describe the development of computer languages 

4. sketch a simple model of a computer program and its environment 

5. explain how data differs from information 

If you are new to computing or computer program or this is the first time you have used this lesson then you should start with the first topic and follow the suggested order. This lesson introduces some basic concepts which will be useful when it comes to dealing with some of the later topics.

What is a computer?

Since the objective of this course is to learn how to design 3GL programs it might be helpful to try to understand what is meant by some of the terms used. For instance what is a computer, what is a computer program and what is a generation in the computer programming language sense?

A computer is a machine, probably the most complex machine yet devised by man. If I were to define a computer I might say that: 

· A computer has input and output circuitry. 

· A computer has a central processing unit for carrying out arithmetical and logical operations. 

· A computer has memory for the storage of programs and data. 

· A computer can execute sequences of instructions. 

What is a computer program?
If you look at the computer definition in reverse order - starting with "A computer can execute sequences of instructions" - you have a definition of a computer program - it is a sequence of instructions which the CPU interprets as arithmetical and logical operations. A computer program is stored in memory and also consists of data and instructions. The input-output circuits (I/O) enable the machine to transfer data between the machine and the external world.

Instructions and programs imply that there is some order in what the computer does, that is, there is an element of design. A program designer determines what instructions and data structures are required in order to get the machine, the computer, to complete some given task. Most significantly the designer determines the sequence in which the instructions will be carried out (executed) in order to successfully complete the program. 

We have some idea of what a computer is and what a computer program is, what about generations of languages? 


The generations of computer languages 



The notion of generation implies growth and Figure 1 depicts the growth in computer languages since the 1940's. This figure is not meant to be exact, just to give some idea of the times that the different generations appeared, time scales and the relativity of computer languages to each other and the world of problem-solving.

The vertical axis represents problem-definition in computer terms; in other words it represents how we state or write computer programs. At the bottom of the scale is the machine-oriented definition. This means that a computer program is stated in a language which is closer to the native language of the computer than it is to the native language of the program designers - you and me. At the top of this axis is the human-oriented problem definition. This means that the problem definition - the computer program - is stated in terms that are closer to the language of the designer than the language of the machine. This obviously is the preferred way of programming.
The machine understands problems stated in terms of 1's and 0's, for example: 
101011110001010001000101111010010101010

but humans prefer to state problems in a human language, like this: 
ADD this week's total to last weeks


The horizontal axis of Figure 1 shows time and represents the approximate time at which a given generation of computer language came into use and the period over which the language generation was or is in use. 

Keep in mind that this figure is an approximation and just because it shows 3GL's finishing in the late 1980's it doesn't mean that 3GL's are no longer used. If only life was so simple! In practice there are no well-defined leaps from one generation to another and no well-defined times when one generation comes into general use. You could look into almost any significant programming project and probably find that there may be three generations of computer language being used at the same time. It is quite common to find projects that use some assembly language, some 3GL and some 4GL.

The later generations of computer language enable program designers and programmers to write programs which use approximations to human language. 

A computer program model

Since a computer program is a sequence of instructions which operate on data we can show this in a simple model:
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The model implies that the program processes data which comes from a source and goes to a destination - the data sink. Although it isn't always the case, in larger programs and programming systems the source and sink are usually external to the program. A data source will be an input or storage device like a keyboard, disk drive, scanner, tape drive, a data sink will be an output or storage device like a computer screen, printer, disk drive, tape drive, plotter etc.
 

Data and information

The last topic in this section is a brief explanation of the terms data and information. These terms tend to be used interchangeably but should not be, even "reliable" dictionaries tend to use data as a synonym for information. Data represents a value which in the absence of a context has no specific meaning. Information is data with meaning. For example, assume we have the list of numbers: 24.56, 11.94, 27.23, 40.11
 
What do they mean? The meaning of the numbers depends on the context in which they are used. They might represent average temperatures in a room, or hourly payrates in a small business. The numbers might be stored on a disk drive and it would be possible to write a computer program which read the numbers from the disk drive - the data source - and treated them as temperatures. Another program could read the same numbers and treat them as dollar values. The program determines the context. 

Summary

In this lesson you were introduced to some basic concepts which will helpful in understanding the later lessons. You should now be able to define what is meant by the terms computer and computer program, you should have some idea of how computer languages have developed, and you should have some understanding of how data and information differ.

The next lesson introduces algorithms and variables, different ways of expressing algorithms and a strategy for designing algorithms.
Question set 1:

1. In a general sense what is an instruction?

1. .......... 

2. .......... 

3. .......... 

4. .......... 

2. In a general sense what is a machine? 

1. .......... 

2. .......... 

3. .......... 

4. .......... 

3. Give an example of a machine and how you give an instruction to that machine. This need not be a computer. 

1. .......... 

2. .......... 

3. .......... 

4. .......... 

4. List four characteristics of a computer. Can you think of any others? 

1. .......... 

2. .......... 

3. .......... 

4. .......... 

5. What is meant by the word - sequence? 

1. .......... 

2. .......... 

3. .......... 

4. .......... 

6. What is meant by executing an instruction? 

1. .......... 

2. .......... 

3. .......... 

4. .......... 

7. What is a computer program? 

1. .......... 

2. .......... 

3. .......... 

4. .......... 

8. Machine code uses the native language of computers - what does that mean? 

1. .......... 

2. .......... 

3. .......... 

4. .......... 

9. What is a data source? 

1. .......... 

2. .......... 

3. .......... 

4. .......... 

10. What is a data sink? 

1. .......... 

2. .......... 

3. .......... 

4. .......... 

11. How does data differ from information? 

1. .......... 

2. .......... 

3. .......... 

4. .......... 

Starting with Algorithms


After completing this lesson you should be able to: 

1. define the term algorithm 

2. list the key features of an algorithm 

3. describe what is meant by sequence 

4. describe the if ... then and if ... then ... else constructs 

5. describe the repeat and while loop constructs 

6. list different ways of stating algorithms 

7. explain what is meant by the term "variable" 

8. explain what is meant by variable data types 

9. explain what is meant by variable naming conventions 

10. describe a strategy for designing algorithms 

 
What is an algorithm? The computer scientist Niklaus Wirth stated that: 

Programs = Algorithms + Data


In the first lesson you were introduced to the notions of a computer program and data, what is an algorithm?
The algorithm is part of the blueprint or plan for the computer program, an algorithm is: 

"An effective procedure for solving a problem in a finite number of steps."


It is effective, which means that an answer is found and it finishes, that is it has a finite number of steps. A well-designed algorithm will always provide an answer, it may not be the answer you want but there will be an answer. It may be that the answer is that there is no answer. A well-designed algorithm is also guaranteed to terminate.

The key features of an algorithm

Here is an example of an algorithm for making a pot of tea: 

1. If the kettle does not contain water then fill the kettle 

2. Plug the kettle into the power point and switch it on. 

3. If the teapot is not empty then empty the teapot. 

4. Place tea leaves in the teapot. 

5. If the water in the kettle is not boiling then go to step 5 

6. Switch the kettle off. 

7. Pour water from the kettle into the teapot. 

You can see that the algorithm has a number of steps, that some steps (steps 1, 3 and 5) involve decision-making and one step (step 5) involves repetition, in this case the process of waiting for the kettle to boil.


Algorithms show these three features: 

1. Sequence (also known as Process) 

2. Decision (also known as Selection) 

3. Repetition (also known as Iteration or Looping) 

In 1964 the mathematicians Corrado Bohm and Guiseppe Jacopini demonstrated that any algorithm can be stated using sequence, decision and repetition. The work of Bohm and Jacopini was of great importance since it eventually led to the disciplines of structured program design that are much used today and the work you are studying now is part of software engineering. 

Sequence

Sequence means that each step or process in the algorithm is executed in the specified order. In the example algorithm above each process must be in the correct place otherwise the algorithm will most probably fail. 

The Decision constructs - If ... then, If ... then ... else ...

In algorithms the outcome of a decision is either true or false, there is no in between. The outcome of the decision is based on some condition that can only result in a true or false value, for example:

if today is Wednesday then collect pay

is a decision and the decision takes the form:

if proposition then process 

A proposition in this sense is a statement which can only be true or false, it is either true that today is Wednesday or it is false that today is Wednesday. It can't be both true and false. If the proposition is true then the process which follows the then is executed.

The decision can also be stated as: 

if proposition
then process1
else process2 

this is the if ... then ... else ... form of the decision. This means that if the proposition is true then execute process1 else or otherwise execute process2. 

The first form of the decision  if proposition then process  has a null else, that is, there is no else.

The Repetition constructs - Repeat and While

Repetition takes two forms, the Repeat loop and the While loop. The repeat loop is used to iterate or repeat a process or sequence of processes until some condition becomes true. It has the general form: 

  Repeat 
     Process1 
     Process2 
     ProcessN 
  Until proposition 

Here is an example: 

  Repeat 
        Put water in kettle 
  Until kettle is full 

The process is Put water in kettle, the proposition is kettle is full.
The repeat loop does some processing before testing the state of the proposition, what happens though if in the example above the kettle is already full? If the kettle was already full at the start of the repeat loop then putting more water in will lead to an overflow. 


In this case the While loop is more appropriate: 
    While kettle is not full 
        put water in kettle 

Since the decision about the kettle being full or not is made before putting water in then the possibility of overflow is eliminated. 

Different ways of stating algorithms

One way of stating an algorithm has already been shown above - I call this the Step-Form. In this course you will study four different ways of stating algorithms: 

1. Step-Form 

2. Pseudocode 

3. Flowchart 

The first two are written forms. The tea-making example is in Step-Form and as you saw with the Step-Form (SF) the written form is just normal language. A problem with human language is that it can seem to be imprecise. In terms of meaning, what I write may not be the same as what you read. Pseudocode is also human language but tends toward more precision by using a limited vocabulary.

The last one is graphically-oriented, that is it used symbols and language to represent sequence, decision and repetition.

In the next lesson we start studying the different ways of stating algorithms but first we need to cover two important topics.

What are Variables?

Since Programs = Algorithms + Data we should return to the topic of data. You know that data is a symbolic representation of value and that programs set the context which gives data meaning - in programs data is transformed into information. The question is: How is data represented in programs? 

Just about every algorithm contains data and usually the data is "contained" in a thing called a variable. The variable is a container for a value which may vary during the execution of the program. For example, in our tea-making algorithm the level of water in the kettle is variable, the temperature of the water is variable, the quantity of tea leaves is also variable. 

Each variable in a program is given a name, for example: 

· Water_Level 

· Water_Temperature 

· Tea_Leaves_Quantity 

and at any given time the value which is represented by Water_Level for instance may be different to its value at some other time. The statement: 

· If the kettle does not contain water then fill the kettle 

could also be written as: 

· If Water_Level is 0 then fill the kettle 

or 

· If Water_Level = 0 then fill the kettle 

At some point Water_Level will be the maximum value, whatever that is, and the kettle is full.

Variables and data types

The data used in algorithms can be of different types. The simplest types of data that an algorithm might use are: 

· Numeric data like 12, 11.45, 901. 

· Alphabetic or character data like 'A', 'Z' or 'This is alphabetic'. 

· Logical data that is propositions with true/false values. 

Naming of variables
You should always try choosing meaningful names for variables in algorithms to improve the readability of the algorithm or program. This is particularly important in large and complex programs.
In the tea-making algorithm I used plain English. I've shown here how you might use variable names for some of the algorithm variables. In the right-hand column I've chosen names that, although shorter than the original, don't hide the meaning of the original phrase. I've also used underscores to indicate the words belong together and represent a variable 
	1. If the kettle does not contain water then fill the kettle 

2. Plug the kettle into the power point and switch it on. 

3. If the teapot is not empty then empty the teapot. 

4. Place tea leaves in the teapot. 

5. If the water in the kettle is not boiling then go to step 5 

6. Switch the kettle off. 

7. Pour water from the kettle into the teapot. 
	1. If kettle_empty then fill the kettle 

2. Plug the kettle into the power point and switch it on. 

3. If teapot_not_empty then empty the teapot. 

4. Place tea leaves in the teapot. 

5. If water_not_boiling then go to step 5 

6. Switch the kettle off.  

7. Pour water from the kettle into the teapot. 


There are no hard and fast rules about how variables should be named but there are many conventions. It is a good idea to adopt a conventional way of naming variables.

By the way - your algorithms and programs can benefit from using naming conventions for processes too. 

A strategy for designing algorithms

Now that we know something about algorithms and data we can devise a strategy for designing algorithms. Here is one strategy I have found useful: 

Step 1: Investigation step 

1. Identify the processes 

2. Identify the major decisions 

3. Identify the loops 

4. Identify the variables 

Step 2: Preliminary algorithm step 

1. Devise a "high level" algorithm 

2. Step through the algorithm. Does this "walk-through" reveal any major problems? If it does correct the problems. 

Step 3: Refining the algorithm step 

1. Incorporate any refinements indicated in step 2. 

2. Group together processes where appropriate 

3. Group together variables where appropriate 

4. Test the algorithm again by stepping through it 

I will use and refine this strategy during the rest of this module but for now we should just look at the steps.

The first step - Investigation - implies that you read through the statement of the problem to be solved and do some analysis of the terms used. In the tea-making example we can see that there are a number of processes, filling the kettle, plugging the kettle into the power point and so on. There are decisions, variables and loops.

The second step - Preliminary algorithm - is our first attempt at solving the problem. It can be quite crude but Step 2.2 will test it and bring out obvious errors. 

The third step - Refining - is the most difficult step, this step needs practice and strictly speaking the learning of some of the skills implied in this step won't really occur until you have gained some programming experience. It won't hurt though to give the refining step some thought in this course. 

Summary

In this lesson you learned about: 

· algorithms and the key features of an algorithm - sequence, decision and repetition 

· the different ways of stating algorithms 

· variables, the types of variables and naming conventions for variables 

· a strategy for designing algorithms 

The algorithm is a statement about how a problem will be solved and almost every algorithm exhibits the same features. There are many ways of stating algorithms and some of them have been mentioned here. Every useful algorithm uses data which might vary during the course of the algorithm and, finally, to help in designing algorithms it is a good idea to develop and use a design strategy. 
You should be just about ready to start designing programs now. There is just one short lesson which fits the program design activity in place amongst the bigger activity of designing software systems.

Question Set 2:

1. Give a definition of an algorithm. 

2. What does it mean when we say an algorithm is effective? 

3. What is meant by the word finite? 

4. List three features of an algorithm. 

5. What are the two decision constructs? 

6. What is a proposition? 

7. What is meant by the term null else? 

8. What are the two repetition constructs? 

9. List four ways of stating algorithms. 

10. What is a variable? 

11. Give some examples of variables in your every day life. 

12. If variables can be of different types of data what is meant by the term data type? 

13. List three data types which can be used in algorithms. 

14. The lesson suggested a strategy for designing algorithms. What was that strategy? Try devising a strategy of your own.

Software or Systems Life Cycle

After completing this short lesson you should be able to: 

1. sketch and briefly explain the software development life cycle (SDLC) 

2. describe where in the SDLC the program design activity fits 

3. explain what is meant by the terms variable and process 

Although the lesson isn't specifically about designing programs it does help to put program design into some perspective.
Software Development Life Cycle
A program may result from some problem, in this case problem means some task requiring a solution, or from a bright idea, or because it is a project which has been set for student. No matter what their first causes computer programs, aka software, and software systems, collections of softwares, have quite well-defined life cycles. The need for a program is recognised, the requirements are analysed, a possible solution is designed, the prototype is built and tested, and finally the program is put into use. Figure 1 shows the typical life-cycle for a computer program.
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During phase one the emphasis is on fact-gathering and determining where the boundaries of the problem are.

Phase two involves the steps of identifying the variables and processes which make up the problem. 
Phase 3 is where you will use the tools and techniques that you learn in this module. During this phase the strategies which will solve the problem are developed.
Phase 4 represents the time when the solution to the problem, the programs or system, is constructed. 
Phase 5 is a critical time but can be minimized if the previous steps are correct. 

Phase 6, the maintenance phase, is the time when the solution is in active use. It may undergo enhancements or it may have bugs fixed during its lifetime. 

There is a strong connection between phases 2 and 3 since the process of designing a solution to a problem is an iterative process and often involves a great deal of discovery. For example as you refine an algorithm you might discover that there are variables and/or processes that weren't obvious during phase 2. This is to be expected, after all you are just learning about this kind of thing, but you can expect to meet this kind of discovery right throughout your life as a program designer.
Variables and Processes
The terms variables and processes have been mentioned a couple of times and were also featured in a previous lesson. In won't hurt to review what these terms mean.
A variable is something whose value will change over time. For example daily temperature is a variable. If you measure the room temperature now and measure it one hour from now there is every chance that the two measurements will give different values. In this example the word temperature represents a variable. A process is an activity which, in computing terms, transforms data. In general terms a process is an activity which involves some steps designed to achieve a particular outcome. Processes take data, the contents or values of variables, and transform it.
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It is useful to show processes and the data they act on in a simple diagram form as shown here in Figure 2. This figure is very similar to the Data Source - Program - Data Sink figure you saw in the introduction. It shows that processes have inputs, transform data and generate outputs. An example might be a payroll calculation process which has inputs called Hours_Worked and Pay_Rate and which produces an output called Gross_Pay. In this example Hours_Worked, Pay_Rate and Gross_Pay are all variables.
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Figure 3 shows a more usual way of representing processes and variables and is used here just to emphasise the nature of processes and variables. Note that variable names like Hours_Worked, Pay_Rate and Gross_Pay are often written with underscores. This is to help clearly identify the variables by giving them names and because most computer languages don't recognise variable names which contain spaces.

There is no substantial difference between computer processes as they are described here and computer programs. In Figure 3 the Calculate_Gross_Pay process could be a complete computer program or it could be a process within a program. This is an important point to keep tucked away at the back of your mind as you develop your skills and knowledge in 3GL Program Design.
Step-Form algorithms 


After completing this lesson you should be able to:

1. apply a strategy to the process of designing a step-form algorithm 

2. construct a trace table 

This is quite a large lesson since we get down to some of the details of algorithm design and introduce the trace table. You should pay close attention to this lesson since some key topics are revealed by 'discovery', especially in the trace table topic. 

Step-form algorithms
This form of algorithm is the simplest and consists of a sequence of numbered steps or points. It is the easiest to learn at first since it is rather like a "to-do" list however once you have mastered other ways of stating algorithms you are unlikely to continue using this form.

You have already used this form in a previous lesson - the tea-making algorithm. Here is another example: 

First of all the problem to solve is: Design a program which counts all the vowels on a given page of text. 

Remember in the second lesson we came up with a strategy for designing algorithms so use this as a starting point: Step 1: Investigation step 

1. Identify the processes 

2. Identify the major decisions 

3. Identify the loops 

4. Identify the variables 

Step 2: Preliminary algorithm step 

1. Devise a "high level" algorithm 

2. Step through the algorithm. Does this "walk-through" reveal any major problems? If it does then correct the problems. 

Step 3: Refining the algorithm step 

1. Incorporate any refinements indicated in step 2. 

2. Group together processes where appropriate 

3. Group together variables where appropriate 

4. Test the algorithm again by stepping through it 
1.1 Identify the processes
Beginners in algorithm design are often a bit uncertain about how to start identifying processes but a useful starting point is to remember that processes do work, in other words a process is an action that is carried out. Another problem for beginners is determining just how "big" a process should be. An example here may be a good way to explain this. In this case of the vowel-counting problem we could be bold and state it like this: 
Count all the vowels


The implication here is that some processes do a great deal work hence "big" processes. This process is the heart of the problem - counting vowels - but it gives no clue as to how the vowel-counting will be done. We need to analyse the process further so that we can specify how vowels can be recognised and counted. Since a vowel is a letter then one process we require is the process of reading a letter in the text. A vowel is one of the set A,E,I,O or U so another process needs to determine if the letter we have read is in this set. A third process is conditional on the letter which was read and tested being a vowel, if it is we need to count it. Lastly we need to determine if we have reached the end of the page. 

So far we have the following processes: 

1. Read a letter from the text 

2. If the letter is a vowel then increment the vowel counter 

3. Determine if the end of the page has been reached 

You can see that in the process of identifying the processes we have also identified some decisions, I've shown these in bold text, and some variables which I've shown in italic text. The only thing in our strategy step 1 which seems not to have been done is to identify the loops. But wait, there's more. What happens in process 3 if we haven't reached the end of the page? We continue with the next letter, which will mean repeating the first two processes. We have even found a loop and we are ready for strategy step 2, devising and testing the high level algorithm. Here is my first attempt: 

1. Read a letter from the text 

2. If the letter is a vowel then increment the vowel counter 

3. If the letter is not the last letter then got to step 1 

Now do a "walk-through", that is go through each step of the algorithm and see if it works. Later when we look at trace tables I will show you a more formal way to test the algorithm. Assume we have a sample page which contains the text: 

                          This is a page of text 
We read a letter, the first letter 'T', we test it and find it isn't vowel so the vowel counter is not incremented. We also (somehow) determine that this is not the end of the page so we go back to step 1 and read the next letter 'h', and so on. That seems fine but there are still some problems. For instance: how do we start at the first letter? What value does the vowel counter start with? And how do we know when we have reached the end of the page? These problems aren't really an issue for human readers since we have conventions which govern how text is read - for English text you start at the top left and finish at the bottom right. And we assume the vowel counter is zero at the start. However we are not designing an algorithm for a human we are designing an algorithm for a 3GL, for a computer and the machine will require all the conditions of the algorithm to be precisely specified. To help us out assume we have two numeric variables current_letter_position and last_letter_position. Assume also that we can determine or we know how many letters are on the page which will be the value of last_letter_position. Later I will show you how we would do this in practice using sentinel values. 
Given these variations we can now write an algorithm which looks like this: 

1. Set current_letter_position to 1 

2. Set last_letter_position to number of letters on the page 

3. Set vowel_counter to 0 

4. Read letter at current_letter_position 

5. If letter is a vowel then increment vowel_counter 

6. Increment current_letter_position 

7. If current_letter_position <=  last_letter_position go to step 4 

Exercise 1:

Here is an exercise for you to complete:
Design a step-form algorithm to count the pages in a book. 

 Exercise 2:


If you have completed exercise 1 then here is another: 

Design a program which reads all the vowels in a book and which displays a count of vowels on each page and finally a total of the number of vowels in the book. 

1.2 Trace tables

      Since an algorithm is a sequence or series of steps which seek to solve a problem you can expect that if you "freeze" the algorithm at any point then you have a snapshot of the state of all the variables. The trace table is a very useful tool which allows you to see the state of your algorithm with as much detail as you wish. It consists of a table in which each row shows the state of step in the algorithm and each column shows the value of a variable at that step. The trace table allows you to check the algorithm for errors. 

Here is a trace table which shows the states of our vowel counting algorithm, first the algorithm again: 

1. Set curr to 1 

2. Set last to number of letters on the page 

3. Set count to 0 

4. Read letter at curr 

5. If letter is vowel then increment count 

6. Increment curr 

7. If curr <=  last go to step 4 

Note that I have abbreviated the variable names, this is so that I can keep the columns in the trace table to a reasonable width. Each variable is shown in italic in the algorithm.

Next the data: A page 
The algorithm has six variables - the numeric variables curr, last, count, the character variable letter and the logical values letter is vowel and curr<=last so the table will need at least six columns. Sometimes there is also a column which indicates a step number or which contains the statement being executed. 

	Step
	curr
	last
	count
	Letter
	letter is vowel
	curr <= last

	1,2,3
	1
	6
	0
	?
	?
	?

	4
	1
	6
	0
	'A'
	?
	?

	5
	1
	6
	1
	'A'
	True
	?

	6
	2
	6
	1
	'A'
	True
	?

	7
	2
	6
	1
	'A'
	True
	True

	4
	2
	6
	1
	' '
	True
	True

	5
	2
	6
	1
	' '
	False
	True

	6
	3
	6
	1
	' '
	False
	True

	7
	3
	6
	1
	' '
	False
	True

	4
	3
	6
	1
	'p'
	False
	True

	5
	3
	6
	1
	'p'
	False
	True

	6
	4
	6
	1
	'p'
	False
	True

	7
	4
	6
	1
	'p'
	False
	True

	4
	4
	6
	1
	'a'
	False
	True

	5
	4
	6
	2
	'a'
	True
	True

	6
	5
	6
	2
	'a'
	True
	True

	7
	5
	6
	2
	'a'
	True
	True

	4
	5
	6
	2
	'g'
	True
	True

	5
	5
	6
	2
	'g'
	False
	True

	6
	6
	6
	2
	'g'
	False
	True

	7
	6
	6
	2
	'g'
	False
	True

	4
	6
	6
	2
	'e'
	False
	True

	5
	6
	6
	3
	'e'
	True
	True

	6
	7
	6
	3
	'e'
	True
	True

	7
	7
	6
	3
	'e'
	True
	False


The trace table reveals some interesting things about algorithms. For instance it stresses that a variable doesn't change value until it is re-evaluated by a statement which operates on the variable. You can see in line two that the variable letter contains 'A' but the state of the condition letteris vowel is unknown (?). Line three in the trace table shows the execution of statement five of the algorithm - If letter is vowel then increment count - and now the variable letter is vowel in the trace table takes on a value. Another thing shown by the trace table is the amount of work done by algorithms which use repetition. Large repetitious algorithms with large amounts of data will lead to enormous trace tables. The size of the table can be minimized by only showing the start and stop states of a loop and then showing one iteration of the loop in a separate table. Yet another thing revealed by the trace table is the initialization of variables - setting variables to a known state. Initializing variables is a good defensive algorithm design technique and is strongly recommended. Remember that your algorithm will end up as a computer program and you should not assume that the particular programming language will take care of the initialization of variables. It is good practice to assume that it will not.

Exercise 3:


Build trace tables for exercises 1 and 2. 

Summary
In this lesson you learned about: 

· Step-Form algorithms 

· Using a strategy to design an algorithm 

· Refining an algorithm 

· Building a trace table 

· The initialization of variables 

The Step-Form algorithm is the simplest way of stating algorithms and is a useful starting point for the other more formal methods of algorithm design. Whatever method is used it is always advisable to use a strategy to design the algorithm. As algorithms are designed you discover that some refinements are required, the first attempt at an algorithm is rarely the best. 

The trace table is a tool which aids in testing and verifying algorithms. It contains rows to show the state of variables (the columns) at each step in the algorithm. You will find some additional notes on trace tables in Exercise 3.
Question set 3: 
1. What is a trace table? 

2. Why should you use trace tables? 

3. For each of the problems which follow, construct a step-form algorithm and a trace table: 

a. Given two numbers X and Y determine which is the largest and display the largest number. 
b. Given the heights of three buildings find the average height. 

c. If Sunday is day one of the week and Saturday is day seven of the week, write an algorithm which gets a number and displays the day of the week as a word. 

d. You have a shopping list of 8 items, each item has a number on the list, a description and a price: find the total of the shopping list. 
e. With the shopping list from the previous task find the lowest priced item. 
Pseudocode

After this lesson you should be able to: 

1. explain what is meant by pseudocode 

2. list the pseudocode statements for input, output, iteration, decision and processing 

3. use a pseudocode language to represent programs 

4. use arithmetic, relational and logical operators in pseudocode 

5. use subprocesses/subroutines in pseudocode 

Like the last lesson this lesson is quite large but as you learn more the course gets easier! The major differences between this lesson and the previous are: 

· you use pseudocode instead of step-form. 

· the arithmetic, relational and logical operators are introduced. 

· the notion of the subprocess is introduced. 

· you learn a little bit more about iteration. 

This lesson and the next lessons two use pseudocode to introduce quite a few topics. Keep in mind though that most of the topics can be applied to the other methods of stating algorithms. 

What is pseudocode

Pseudocode, like step-form, is a written way of stating algorithms but uses a much more restricted vocabulary. It is very much like a 3GL and for many programmers and program designers is the preferred way to state algorithms and program specifications.

Although there is no standard for pseudocode it is generally quite easy to read and use, for instance here is some pseudocode: 
WHILE kettle_empty DO 
       Add_Water_To_Kettle 
END WHILE 
As you can see it is a precise statement of a while loop.
Pseudocode is a written statement of an algorithm using a restricted and well-defined vocabulary. In the next section you look at the vocabulary in detail. 

Input, output, iteration, decision and processing in pseudocode
It is useful to separate the pseudocode into several groups as shown here: 

	Group
	Key words
	Example

	Input/
Output
	INPUT, READ
Used to get values from a data source, a keyboard for instance 

DISPLAY
Used to output values to a data sink, a screen or printer for instance
	INPUT counter
DISPLAY new_value

	Iteration
	REPEAT 
 statement  
UNTIL <condition>
The Repeat ... Until loop which was introduced in the introductory lesson on algorithms. The REPEAT loop executes the statement until the condition becomes true.

WHILE <condition>DO 
 statement  
END WHILE 
This is the While loop also introduced in the introductory lesson on algorithms. The WHILE loop executes the statement while the <condition> is true.

FOR <var> = <start value> to <stop value> 
ENDFOR
You haven't seen this loop before but it is a special case of the While loop. The FOR loop iterates for a fixed number of steps. The While and Repeat loops can be for a variable number of steps.
	SET count_value TO 0  
REPEAT  
 DISPLAY count_value 
 ADD 1 TO count_value; 
UNTIL count_value > 10 
WHILE count_value < 10 DO 
 DISPLAY count_value 
 count_value = count_value + 1 
ENDWHILE
 FOR count = 1 to 10 
 DISPLAY count + count 
ENDFOR 
The statements inside the loops are indented to aid the readability of the pseudocode. 

	Decision
	IF <condition> THEN 
 statement 
ENDIF IF <condition> 
 THEN statement 
 ELSE  statement 
ENDIF
Both of these decision forms were first introduced in the algorithms introductory lesson.
	IF count > 10 
 THEN DISPLAY count 
ENDIF IF count > 10 
 THEN DISPLAY 'count > 10' 
           ADD 4 to sum 
 ELSE  DISPLAY 'count <= 10'  
            ADD 3 to sum  
ENDIF



Program designers tend to prefer to use operators like: 

·    +         add 

·     -         subtract 

·     *        multiply 

·    /      divide 

·     =          assign 

These are the arithmetic operators. 

These are more intuitive since we use them in arithmetical expressions and they are easier to write, for instance: 

count = count + 22 
x = count / 12 
sum = sum - count 
x = count * sum 

The assignment operator, =  (as count = count + 32) means assign the results of the operation on the right-hand side to the variable on the left-hand side. 

There are two other classes of operators which are useful in psuedocode. One class is called the relational operators. These are used to evaluate the relationship between variables and are: 

· == equal to (a pair of equals signs) 

· <= less than or equal to 

· >= greater than or equal to 

· <> not equal to 

Using relational operators: 

	IF count == 32 THEN ...
	This decision states that if the variable count contains 32 execute the statement following THEN.

	WHILE count <= 50 DO
 ... 
END WHILE
	The statements in the while loop will execute while the value of count is 50 or less.

	REPEAT 
 ... 
UNTIL count > 12
	The statements in the repeat loop will execute until the value of count exceeds 12.

	IF count <> total THEN ...
	If the value of count is not the same as the value of total execute the statement following THEN.


Don't confuse == (equal) with = (assignment). The first determines if a variable is the same as a value or another variable, but the second (assignment) makes a variable become some value. Remember == is two equals signs.

A statement like count <= 50 is a proposition, you might remember from an earlier lesson that a proposition is a statement that has a truth value, it can be TRUE or FALSE. If count is less than or equal to 50 then the proposition count <= 50 is true. For example some pseudocode might help: 

count = 51 
IF count <= 50  THEN DISPLAY 'Count is less than 51' ENDIF 
IF count > 50    THEN  DISPLAY 'Count is greater than 50' ENDIF 

The other class is called the logical operators which are used to form compound propositions and the logical operators are: 

· AND 

· OR 

· NOT 

Using logical operators
	AND
	IF (x = = 32) AND (y = = 7) THEN sumxy = x + y

	OR
	IF (letter = = 'A') OR (letter = = 'E') THEN DISPLAY 'Vowel'

	NOT
	IF NOT (letter = =  'A') THEN DISPLAY 'Not letter A'



The logical operators can be used to combine relational expressions.

The statement IF (x == 32) AND (y == 7) THEN sumxy = x + y says that if it is true that x == 32 AND it is also true that y == 7 then add x and y together and store the result in variable sumxy. 

The statement IF (letter == 'A') OR (letter == 'E') THEN DISPLAY 'Vowel' says that if the variable letter contains either 'A' or 'B' then display the word vowel on the output device. The whole expression (letter == 'A') OR (letter == 'E') is false if both letter == 'A' is false and letter == 'E' is false. 

The NOT operator in the last example statement IF NOT (letter = 'A') THEN DISPLAY 'Not letter A' is used to reverse the sense of a relational expression. If it is true that letter is equal to 'A', the NOT operator in NOT (letter = 'A') will give a value of FALSE. 

	Here are some examples using the relational and logical operators, assume that A contains 20 and B contains 15

	Expression
	Result

	A >= 20
	TRUE

	A > 20
	FALSE

	A == B
	FALSE

	A == B + 5
	TRUE

	(A > B) AND (A > 20)
	FALSE

	(A > B) OR (B > A)
	TRUE

	(A < B) OR (B > A)
	FALSE

	NOT (A > B)
	FALSE

	NOT (NOT (A > B))
	TRUE



Problems with evaluating expressions:
What do we do with an expression like x = a * b + 7? If a is 10 and b is 5 is the answer 57 or is it 120? In other words do we do the multiplication part first (a * b) followed by the addition ( + 7) or do we do the addition part first (b + 7) then multiply by a? 
You might remember from school that there is an order of precedence for evaluating arithmetic expressions. In my day it was called PODMAS or BODMAS which I think meant parentheses (or brackets) outside divide, multiply, add, subtract. This means do what inside the parentheses first, and do divide, multiply before add and subtract. If we apply the PODMAS rule in the case of x = a * b + 7 the correct answer is 57. 

The same applies in computer languages and for our operators, arithmetic, logical and relational the order of precedence is: 

· ( ) parentheses 

· NOT 

· * / AND 

· +  -  OR 

· ==  >  <  <>  >=  <= 

The precedence is from top to bottom and on each line from left to right. Evaluate whatever is in parentheses first, then NOT followed by *, /, AND then +, -, OR then last the relational operators.

Probably the best way to start with pseudocode is to see an example so I've copied the vowel-counting sample from an earlier lesson and re-written it using pseudocode: 

	Step-Form
	Pseudocode

	1. Set curr to 1 

2. Set last to 6 

3. Set count to 0 

4. Read letter at curr 

5. If letter is vowel then increment count 

6. Increment curr 

7. If curr <=  last go to step 4 
	curr = 1 
last = 6 
count = 0 
REPEAT 
  READ letter 
  IF letter is vowel THEN 
      count = count + 1 
  curr = curr + 1 
UNTIL curr > last 



Like the step-form the pseudocode executes from the first statement at the top down to left obeying any branching statements that might occur in decisions and loops. 

Algorithms and pseudocode

Whenever you are acquiring new skills there is no substitute for practice but first I will show you another example. 

The problem: Design a program which accepts as input two numbers in the range 0 to 99 inclusive and which sums the numbers, finds the difference of the numbers and displays both the sum and the difference. 

We have some processes: 

· Get two numbers or get a number but do it twice 

· Add the numbers together 

· Find the difference between the numbers 

· Display the sum 

· Display the difference 

and perhaps not so obvious, 

· ensure that the numbers are in the range 0 to 99 inclusive. 

We have some variables: 

· Num1 

· Num2 

· Sum 

· Difference 

We have some decisions: 

· Ensure that Num1 is in the range 0 - 99 

· Ensure that Num2 is in the range 0 - 99 

There are no loops that I can see so it's time to build a preliminary algorithm. Here is a first effort: 

	Pseudocode algorithm example 1

	INPUT Num1  
INPUT Num2 
Sum = Num1 + Num2 
Difference = Num1 - Num2 
DISPLAY Sum 
DISPLAY Difference 
	The first stab is OK except that I haven't checked to make sure the numbers are in the correct range. My next attempt is one way I could do that.

	1 REPEAT 
2   INPUT Num1 
3 UNTIL (Num1 >= 0) AND (Num1 <= 99)
4 REPEAT 
5    INPUT Num2 
6 UNTIL (Num >= 0) AND (Num2 <= 99) 7   Sum = Num1 + Num2 
8   Difference = Num1 - Num2 
9   DISPLAY Sum 
10 DISPLAY Difference
	You can see that I was wrong about there being no loops in the algorithm.

I've used repeat loops that will ensure that Num1 and Num2 are in the correct range. In the case of Num1 the loop will not terminate until it is true that Num1 is greater than or equal to 0 AND it is true that Num1 is less than or equal to 99.


I have abbreviated variable names to minimize the column widths: 

	Step
	N1
	N2
	Sum
	Diff
	N1 
>= 0
	N1 
<= 99
	N1 >= 0 AND  
N1<= 99
	N2 
>= 0
	N2 
<= 99
	N2 
>= 0 AND 
N2
 <= 99

	1,2,3
	-1
	?
	?
	?
	FALSE
	TRUE
	FALSE
	?
	?
	?

	1,2,3
	102
	?
	?
	?
	TRUE
	FALSE
	FALSE
	?
	?
	?

	1,2,3
	10
	?
	?
	?
	TRUE
	TRUE
	TRUE
	?
	?
	?

	4,5,6
	10
	6
	?
	?
	TRUE
	TRUE
	TRUE
	TRUE
	TRUE
	TRUE

	7
	10
	6
	16
	?
	TRUE
	TRUE
	TRUE
	TRUE
	TRUE
	TRUE

	8
	10
	6
	16
	6
	TRUE
	TRUE
	TRUE
	TRUE
	TRUE
	TRUE



In the first two lines of the trace table you can see that since the values of Number_1 are outside the range the expression (Num1 >= 0) AND (Num <= 99) evaluates to FALSE. This means that the algorithm stays in the repeat loop. 

Exercise 1:
It's now time for you to do some of your own work. Given a classroom full of people: 

· find the average height 

· the number of people 

· the height of the tallest person 

· the height of the smallest person 

All measurements should be in metres. 

Subprocesses and subroutines

The last topic in this lesson on pseudocode deals with an important concept in program design - the concept of the subprocess. Subprocesses are also known as subroutines, subprograms, procedures and functions. The topic isn't essential to your understanding of pseudocode and you might decide to skip it for now. However it will be very useful to read this if you are planning to go on to do some programming. 

The subprocess is important for a number of reasons, amongst these are: 

· it provides a means of simplifying programs by making common processes available to a wide number of programs 

· it permits the modularisation of complex programs 

· it makes for more reliable programs since once it is shown that a process works then it can be made a subprocess and need not be tested again 

In pseudocode we can write a process and give it a name, for example: 

GET_NUMBER:
REPEAT 
     INPUT X 
UNTIL (X >= 0) AND (X <= 99) 
RETURN X 

You will recognize this as the first repeat loop from Pseudocode algorithm example 1 except that I've added a couple of things. I've named the repeat loop GET_NUMBER: and I've added a new pseudocode statement RETURN. 

It might help you to understand it if I first use it then I explain it. 

	Using CALL, RETURN and END

	CALL GET_NUMBER(Num1)  
CALL GET_NUMBER(Num2)  
Sum = Num1 + Num2  
Difference = Num1- Num2  
DISPLAY Sum  
DISPLAY Difference  
END
GET_NUMBER:  
REPEAT  
  INPUT X  
UNTIL (X >=0) AND (X<=99)  
RETURN X  
	The CALL statement is another new pseudocode statement. It directs the algorithm to find a subprocess called GET_NUMBER and execute it. The CALL statement also passes a parameter in parentheses (Num1 or Num2) to the subprocess. In effect CALL transfers the sequence to the subprocess. When the subprocess finishes it has a RETURN statement which returns to the main program to the statement following the original CALL. The RETURN statement also returns a value for the parameter. 

In this example the first CALL has Num1 as a parameter and the subprocess returns whatever value X had which becomes Num1. The second CALL has Num2 as a parameter and the subprocess returns whatever value X had which now becomes Num2. 

The END statement at the end of the main program separates the main program from the subprocess or subprocesses if there happens to be more than one. 
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diagram which might help explain the concept. 



Summary

      You will probably agree that this has been quite a substantial lesson but you should have learned a great deal, not just about pseudocode but also about topics that are very relevant to computer programming. If you go on to learn computer programming you will find that the skills learned here will have a very practical application to the task of learning a computer language. 

In this lesson you studied:

· pseudocode and a pseudocode syntax 

· how to design programs using pseudocode 

· what arithmetic, relational and logical operators are, and how to use them 

· subprocesses and the use of CALL and RETURN statements 

Question Set 4: 

1. What is pseudocode? 

2. List the arithmetic operators. 

3. What does the relational operator <> mean? 

4. How does the operator = = differ from the = operator? 

5. What is the difference between INPUT and DISPLAY? 

6. If X contains 12 and Y contains 10 state whether the following relational and logical expressions are TRUE or FALSE: 

a. X > Y 

b. Y < X 

c. X <> Y 

d. X = = Y 

e. X <= Y 

f. X - 4 > Y 

g. X - 9 = = X - Y 

h. (X > 7) AND (X <= 15) 

i. NOT (Y = = 9) 

j. NOT ((X > 3) OR (Y > 11)) 

7. Determine what the correct answer is for each of the arithmetic expressions: 

a. 11 + 7 * 3 

b. 22 * 4 - 10/2 

c. 4 * 8 / 2 + 11 * 3 

d. 40/2/5*10 

8. For each of the problems which follow use psuedocode to design a program and a trace table to test your code: 
  

a. Read characters from the input and count how many letters, how many digits and how many other characters (not letter or digit). 

b. Find the floor area of a house given the width and depth of each room. Display the total area and total number of rooms at the end of the program. 

c. Count the words in a book. 

More work with loops and sequence 

After completing this lesson you should be able to:
1. describe and use nested loops 

2. describe and use compound statements 

3. use indentation to show program structure 

Nesting loops - loops within loops

    The situations where nested loops might be used are quite common, they are the kind of situation where we need to get a piece of data from a number of pieces and carry out some processing on each piece. For example we might be reading student records from a disk drive and for each student record we might count the number of subjects that the student is enrolled in and calculate what fees the student should pay. 

Here are some examples of the structure of nested loops: 

	REPEAT  
 REPEAT  
  ...  
 UNTIL Inside_Loop_Done  
UNTIL Outside_Loop_Done  




REPEAT  
 REPEAT  
   REPEAT  
      ...  
   UNTIL End_1  
 UNTIL End_2  
UNTIL End_3  
	WHILE In_Loop_1  
    WHILE In_Loop_2  
        ...  
     END WHILE  
END WHILE  




WHILE In_Loop_1  
  WHILE In_Loop_2  
    WHILE In_Loop_3  
        ...  
    END WHILE  
  END WHILE  
END WHILE 



To demonstrate the use of nested loops I'll borrow the student records example from above. Assume that we have a database of student records and each student record is something like: 

Student name 

Subject title, subject cost 

Subject title, subject cost 

Subject title, subject cost 

Subject title, subject cost 

There are one hundred students and each student is enrolled in four subjects. I need to know the total fees that will be collected. 
Repeat and While nested loops

	st_count = 0 
total_fee = 0 
REPEAT 
 INPUT student_name 
 subject_count = 0 
 REPEAT 
   INPUT subject_title 
   INPUT subject_cost 
   total_fee = total_fee + subject_cost 
   subject_count = subject_count + 1 
 UNTIL subject_count = 4 
 st_count = st_count + 1 
UNTIL st_count = 100 
	st_count = 0  
total_fee = 0  
WHILE st_count < 100 DO 
 INPUT student_name  
 subject_count = 0  
 WHILE subject_count < 4 DO  
   INPUT subject_title  
   INPUT subject_cost  
   total_fee = total_fee + subject_cost  
   subject_count = subject_count + 1  
  END WHILE  
 st_count = st_count + 1  
END WHILE 



There is no real limit to how deeply loops can be nested but it is not common to find loops nested more than three deep. 

The compound statement and indentation
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You have probably noticed that I have tended to use indentation within loops. There is a method to my madness. One aim is to make the algorithms easier to read; the other is to stress that processes that are indented to the same level belong together. In the diagram here I have exaggerated and outlined the indentation so that you can see how the statements in the algorithm belong together. In some cosmetic respects it isn't necessary to use indentation but there is a situation where the use of indentation is mandatory, otherwise your program designs are going to be misleading or, worse, wrong.


For instance: Is the piece of pseudocode on the left different from the piece on the right?
	x = 22  
y = 1  
IF x = = 22  
 THEN y = x + 7  
z = y + 2  
j = z + 9  
DISPLAY y, z, j 
	x = 21  
y = 1  
IF x = = 22  
 THEN y = x + 7  
            z = y + 2  
            j = z + 9  
DISPLAY y,z,j 



There is no obvious difference except that the code on the right uses indentation and the indentation is meant to show that the statements y = x + 7, z = y + 2 and j = z + 9 will only execute if x = =  22 is true. This kind of arrangement of statements is called a compound statement. 

Often when using the IF statement it isn't necessary to use ENDIF but in cases where compound statements are used it is better to make use of ENDIF to avoid any confusion: 

	x = 22  
y = 1  
IF x = = 22  
 THEN y = x + 7  
ENDIF  
z = y + 2  
j = z + 9  
DISPLAY y, z, j
	x = 21  
y = 1  
IF x = = 22  
 THEN y = x + 7  
            z = y + 2  
            j = z + 9  
ENDIF  
DISPLAY y,z,j



Summary
In this lesson you studied the nesting of loops and the use of indentation and compound statements. This was quite a short lesson which built on the material learned in the previous lesson on pseudocode. The next lesson introduces some new topics which basically represent  the end of the material which is relevant to all the methods of designing programs introduced in this course.

Designing programs with flow charts

What is a flow chart?
Step-form and pseudocode program designs are both text-based, the statements are written. Flow charts are a graphical method of designing programs and once the rules are learned are very easy to draw. A well-drawn flow chart is also very easy to read since it basically uses just two symbols, two decision constructs. and two iteration constructs: 

· the sequence symbol, 

· the decision symbol, 

· the decision construct if ... then 

· the decision construct if ... then ... else 

· the repetition construct - repeat, 

· the repetition construct - while, 

there are other symbols but the real work is depicted by the two symbols and the constructs. This shouldn't come as a surprise since in the step-form and pseudocode that is what you have been learning.


The language of flow charts
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The major symbols are the DECISION (also known as selection) and the SEQUENCE (or process) symbols. The START and STOP symbols are called the terminals. The SUBPROCESS symbol is a variation on the sequence symbol. There are also connectors drawn between the symbols and you will see these used in the examples below. There is at least one other sequence symbol which is used to represent input/output processes but I think it is unnecessary so I don't use it.

There are some important rules concerning the symbols and these rules apply also to other ways of stating algorithms: 

· Processes have only one entry point and one exit point. 

· Decisions have only one entry point, one TRUE exit point and one FALSE exit point. 

Repeat loop. Note that the repeat loop has the process preceding the decision. This means that a repeat loop will always execute the process part at least once. This is an important point to remember because it may not be what you want to do. For instance assume you are a world power in control of an arsenal of nuclear weapons and have written a program to launch missiles in the event of an attack. Your program contains a loop which launches a missile each time you are struck by an enemy missile, for example:

REPEAT 
  LAUNCH MISSILE 
UNTIL ENEMY
 STOPS 
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Is a repeat loop a good idea in this case? Probably not since, if we assume you are not under attack and you run the program, the repeat loop executes the process at least once and you will probably start the next world war. A while loop would be a safer and more humane choice
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While loop. The while loop is basically the reverse of the repeat loop, the decision comes first, followed by the process. The while loop is usually written so that it iterates while the condition is true, the repeat iterates until the condition becomes true. An interesting question is: When should a repeat loop be used rather than a while loop? and vice-versa. The while loop should be used when it is possible that the process or processes which are in the scope of the decision (that is, in the loop) may not need to execute. For example assume you have a designed an air-conditioner controller program and the program turns on the compressor while the ambient temperature is above the desired temperature. A while loop is a good choice here since the ambient temperature may be at the desired level before the compressor part of the program is executed. If a repeat loop was used then the compressor would be turned on but it wouldn't be necessary. That would be wickedly ignorant of green sensitivities. A repeat loop would be a good candidate for the kind of situation in which a program needs to check for an external event at least once. For example: assume you have now written a program for a video cassette recorder and it has a menu for doing things like tuning TV channels, setting the date and time, programming events and so on. When the menu is displayed it is a QUIT option along with all the others, the VCR doesn't know which option will be chosen so it stays in the menu mode, that is repeats it, until QUIT is selected. 
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The IF ... THEN construct is shown here and is also known as the NULL ELSE, meaning that there is no ELSE part. I have use lines with arrow-heads (connectors) to indicate the flow of sequence. Although this is important in flow charts once you have gained some skill in using them and if you draw them carefully you will find that determining the sequence is straight forward. A typical rule is to use arrow-heads on connectors where flow direction may not be obvious. 
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The IF ... THEN ... ELSE ... construct has a process at each branch of the decision symbol. The only difference here is that each value of the decision  (TRUE/FALSE) has a process associated with it. 


Using flow charts to design programs
With other topics I've explained the use of technique with an example. There is something of a precedent there. This flow chart example uses all the symbols except the subprocess symbol.
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The algorithm sums all the even numbers between 1 and 20 inclusive and then displays the sum. It uses a repeat loop and contains a null else within the repeat loop.

The equivalent pseudocode is: 

sum = 0  
count = 1  
REPEAT  
   IF count is even THEN sum = sum + count  
   count = count + 1  
UNTIL count > 20  
DISPLAY sum

You can see quite clearly from this example what the price of flow charting is. There is quite a bit of drawing to do in addition to writing the legend in the symbols. The pseudocode is quite simple by comparison so why would you use flow charts?

The major reasons are that the flow chart. 

· is easier to read 

· more closely follows a standard, this is not the the case with pseudocode 

· probably lends itself more readily to computer-aided techniques of program design 

Some rules for flow charts

Well-drawn flow charts are easy to read. What must you do to draw well-drawn flow charts? Here are a few rules: 

1. Every flow chart has a START symbol and a STOP symbol 

2. The flow of sequence is generally from the top of the page to the bottom of the page. This can vary with loops which need to flow back to an entry point. 

3. Use arrow-heads on connectors where flow direction may not be obvious. 

4. There is only one flow chart per page 

5. A page should have a page number and a title 

6. A flow chart on one page should not break and jump to another page 

7. A flow chart should have no more than around 15 symbols (not including START and STOP) 

Exercise 1:


Now it's time for you to try your hand at designing a program using a flow chart.

Draw a flow chart and trace table for the following problem: 

Ahmed sells bunches of flowers at the local shopping centre. One day Ahmed's boss tells Ahmed that at any time during the day he (boss) will need to know: 
· how many bunches of flowers have been sold 

· what was the value of the most expensive bunch sold 

· what was the value of the least expensive bunch sold 

· what is the average value of bunches sold 

Using nested loops in flow charts
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	The nested while loop is shown here. This example is much simplified, it doesn't show any initialisation of either of the loops, the outer loop doesn't do any processing apart from the processing the inner loop, neither loop shows any statements which will lead to the termination of the loops.

Each single step through the outer loop will lead to the complete iteration of the innner loop. Assume that the outre loop counts through 10 steps and the inner loop through 100 steps. The sequence in the inner loop will be executed 10 * 100 times. Nested loops will do a lot of work.
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	The repeat loop shown here, like the while loop example, is much simplified. It does show two processes, sequence 1 and sequence 2, one process in the outer loop and one process in the innner loop. 

Like the while loop the nested repeat loop will see a great deal of work done. If the outer loop does a thousand iterations and the inner loops does a thousand iterations then sequence 2 will be executed 1000 * 1000 times. 



Exercise 3:

Design a program using flow charts which: 

· reads the data and displays the names of the students in the class 

· counts the number of students in each class 

· counts the number of classes 


Exercise 4
Rewrite the nested loops and the multiway selection from above as pseudocode.


 
Summary

In this lesson you studied flow charting, which is the third of the program design techniques on our list, there is just one to go. You should have learned 
· what program flow chart is 

· what symbols and constructs are used in drawing flow charts 

· what the guidelines are for drawing flow charts 

· how to use flow charts in program design 

· how to use nested loops in flow charts 

You should also have learned a little bit more about loops and decisions and gained some more practice at designing programs. You will probably agree that flow charts, although easy to read, are a fairly time-intensive way of program design.

The next lesson introduces Nassi-Schneidermann diagrams, another graphical technique.
Question Set 1 

1. Briefly define a flow chart.

2. Sketch and name each of the symbols used in flow charts.

3. Sketch the following constructs in flow chart form: 

1. repeat loop 

2. while loop 

3. if .. then 

4. if ... then ... else ... 

4. Briefly describe the kind of programming problem in which you would use a repeat loop rather than a while loop.

5. What are the major advantages and disadvantages of using flow charts?

6. Briefly list the rules for drawing flow charts.

7. Give some reasons for why is it a good idea to use subprocesses in program design.

8. Sketch a flow chart for each of the following problems: 

1. Counting the number of five cent pieces in a money box and finding how much there is in dollars. 

2. Counting the number of votes  for each of three candidates in an election and determining the winner. 

3. Determining the average age in years of a class full of students. 

4. Finding a name in a list of names. 
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