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UNIT 1 THE ART OF COMPUTER PROGRAMMING
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1.0 INTRODUCTION

In this unit you are going to be introduced to phmciples of computer
programming. As you know, a Computer is not a usdévice as an
entity without a programming force driving its optons.

Generally, a complete a computer system is maad# tige following:

Hardware
Operating System Software
Application Software

In fact, a better way of illustrating the aboveassfollows:

USERS

APPLICATION

SOFTWARE Programming Interface

OPERATING SYSTEM

HARDWARE




As you can see above, programming plays a veryngakeole in the
usefulness of a computer system, forming the iaterflink between
human users and the computer machinery. This uflitherefore take
you through the fundamentals of computer progrargmin

2.0 OBJECTIVES

By the end of this unit, you should be able to:
Explain the major types of programming
Discuss the fundamental principles of programming
Identify computer programming with problem-solvipgpcess.

3.0 MAIN CONTENT
3.1 Types Of Computer Programming

As you are now aware, a Computer is simply a dewiaaipulate | by a

person.

Moreover, a complete functional Computer systemssis of the
hardware and software, that is the programs. Nowtvidra Program
itself?, you may ask. The following definition gs/éhe answer.

Definition of a Computer Program

A PROGRAM is a series of step-by-step instructitimst provides a
solution to a particular problem and directs thenpater on what to do
exactly. Now, though a program is a set of instams, but the
statements must be submitted to a computer as tatardirect the
computer behaviour. There are generally two majgpes of
programming:

System Programming
Application Programming

You will now study the features of the above twpdy of programming
System Programming.

In short, system programs constitute the drivingddoehind 'tile
operations of the Computer System. They are spgdasigned to
facilitate the use of the hardware and to makeCimputer System
function efficiently and run quickly.

During the early days of Computer Systems, humamaiprs monitored



computer operations, decided on the order in whigimitted programs
should be run and made ready the input and oultfii devices. Even
though the speeds of Central.

Processing Units (CPUSs) increased as a resultrbyf @actronic
revolution, the speed of human operators behindpeeational
procedures of the computer did not increase. Tivere therefore time
delays and errors by the human operators whichtitotesi most of the
problems that led to the development of a SupetiGlier program)*
handle the problems caused by human-operators spbisal program
is what we call an OPERATING SYSTEM (OS). See &firdtion
below:

Operating System

An Operating System is a collection of system paiagg that jointly
controls the operations of a computer system ane#gources. AQ
simply helps you to efficiently and reliably rurhet programs At
manage your files. Now, with an OS installed onryoamputer system,
most )f the responsibilities of human operators tharacterized Abe
early generation computer operations, such as pngptie 1/0 device
to be used for each program or loading the progiatasmemory, are
now all done by the operating system.

There are two types Of programs that make up ther@ing System:-

Control Programs
Processing Programs

Control Programs

The OS control programs generally oversee the sysigerationskid
carry out tasks such as Input/Output (I/O), schadulcommunicating
with the Computer user or programmer and handlmgriupts. An
interrupt is just a signal sent to the CPU indogitthat an event 'hat
occurred.

Processing Programs

The OS processing programs are those that faeilgfiitcient processing
operations by simplifying program preparation areaaition for you as
a user. The major processing programs existingarGS are as follows:

Language Translators
Linkage Editor
Library Programs



Utility Programs
Full discussions oreach of the above programs are beyond the scope of
this course. Youwill learn more of them when you take full course o
OS. All that have been said so far are on system programming. As a
reminder, take a breakand attempt the following exercise.

SELF ASSESSMENT EXERCISE 1

I.  What is a program?
Define systemprograms
But before concluding onthe brief review of OS, the following are
somecommon examples obperating systems:
Disk Operating System (DOS) — Microsoft original OS.
Microsoft Windows Operating Systems (Window s 95, 98.
2000)
Microsoft Windows NT
Microsoft Windows XP
Unix
Linux
: Novel Netware
The above are found on most Personal Computers.(PlG#ever, we
equally have the:
: Macintosh Operating System - which runs only onApele
Macintosh machines.
Palm OS — which runs on Handheld computers, PC &hon
Palmtops.
Windows CE — a slimmed version of Windows that rons
handheld PCs.
Symbian OS that runs on PDAs or Mobile phonesNké&ia
9300/9500

Application Programming

Application Programs are those that perform speatomputational
tasks or data processing to solve user's problems. Fromd#fisition,
you can see that application programs concentratéhe particular
problems to be solved.
Broad categories of application programs are staédalv:
. Word Processing Software

Database Applications

Electronic Spreadsheet applications

Desktop Publishing applications

Web Publishing Software

Communication Software

Accounting Software



Graphic Tools

Design Software (e.g. CAD Packages)
Modeling Software

Video Editing

... and others

Full details of some of the above types of software iar@nother
course: "Software Application Skills" in the School Science and
Technology. You may wish to refer to it. Now youllvgo to the next
section of this unit.

3.2  Basic Principles Of Programming

As you have already seen in the last section, apaten program is
designed to solve a specific problem following #meecution of the
program instructions. However, you should know th&omputer does
not solve problems the way we do. Human beings mase of

reasoning, intelligence and intuition to solve peols while computers
solve problems according to instructions suppligghtmgrammers.

In view of the above, every program has to be pigmkesigned so as to
solve the problem behind its development effectively and aataly.
Before you are introduced to the basic steps iralin program
development, you should know the aims guiding tasigh of a good
computer program. These are as follows:

Reliability
Maintainability
Portability
Readability
Performance
Memory Saving

Let us see these one by one.

Reliability
By reliability, we mean that you should be ablelépend on the
program to always do what it has been designedto d

Maintainability
By this, we mean that you should be able to matthié/program when
the need arises.

Portability
The concept of portability in programming is thapragram should be
capable of being transferable to a different compptatforms with a



minimum modification, if any at all.

Readability

A program should be easy for other programmersdd and
understand. For example, a readable program isrdasmaintain.

Performance
A program that doesn't carry out the expected tagphiekly and
efficiently has lost the performance aim. Therefaremajor aim in
program design is that the program should execuigkly and
efficiently too.

Memory Saving
What is meant here is simply that a program shoatde unnecessarily
too long and requiring excessive large memory &caie.

Having gone through the aims underlying the des@fngrograms, you
will now see below the different stages involved program
development:

Problem Definition

Solution Design

Program Coding or Writing

Program Testing

Program Documentation and Maintenance The abovéwil
explained further as follows:

Problem Definition

Problem formulation or definition is very essentraprogramming and
it begins with recognition of a need for informatiby a user or an
organisation. The programmer is expected to andgheseroblem
thoroughly in order to understand what is requokds solution.
Generally, if you describe a problem carefullyhe beginning of the
programming process, your program will be bettef manght cost less to
develop.

One way of defining a problem is to do that in terof the following:
Input
Output
Processing

Starting withOUTPUT, this represents the information requirements of
users of the program. This is the reason mosteofithes the

programmer can simply use a report generated loggrgam to design

the corresponding input form or interface.

Having determined the output requirements, thenNIRUT required to



provide the output should be determined too. Fnalhsed on the input
and output requirements, tRROCESSING can then be determined.

Solution Design

After the definition of the problem is completele tdesign of the
solution is the next step and this may take thenfof one or more
programs.

What is best to do here is for the programmerke &ach step or
segment of the problem definition and then workatgntative program
flow. When you approach the solution by handlingnresegment
separately, you can concentrate on developingfamnesit and logical
flow for that segment. This is the approach empdoyewhat is called
"Modular Programming”, where a program is divided into parts or
modules for easy development and maintenance.

To develop a program logical flow, there are twganaspects:
General Logic
Detailed Logic

The"general logic"flow design can be done by usingtructure

Chart" which shows the major elements of the program hail t
relationships to each other. After the generaldalgiscription, you must
deal with theé'detailed logic".This is simply the step-by-step operation
of each block in your structure chart. Below foaewle is a structure
chart for a simple Payroll program:

Main
Segment

| T i T 1
Gross Pay Deduations Net Pay Files Update Print
Compatation Computation Computation Chequen

J

—J ]

By detailed logicwe mean each of the boxes in the above chart should
be described in clear terms.detailed logicdescription, you will

definitely need to use such tools as FlowchartsRseldocode which

will be treated later in this course.

In general, there is nothing frightening about ingta C Imputer
Program after describing the problem and its sotytyou simply need
to understand the basic logic patterns involvegrogramming which



will be fully described under "Structure Programgiimnit in this
course, that is, in unit 6.

Program Coding or Writing

Next to the two steps of program development diesdrabove is the
coding or writing of the program itself in a spécipfrogramming
language, especially High Level Languages (HLLyhsas Basic,
Pascal or C++, which you will be introduced tohe hext unit.

Generally, the definition and solution of a probldmnot depend on a

particular programming language. But most of thees, the proposed

solution may limit the choices of languages that loa employed. It is
also necessary to know that some language' arer Iseited for some
types of problems as you will see in the next unit.

Program Testing
After the coding or writing of a program, it is suitted to the computer
for testing. Generally, testing involves the follow.

Debugging

Compiling

Testing (in stages)

Debugging
Errors in programs are usually calldnigs and the processing of
removing errors in your programs is calebugging.

Compiling

Though you will be taught in detail the procesgprdgram compilation
in unit 8, but you should know that your prograns lt@a betranslated
before the computer can execute it. Compiling is way of translating
your program. The other is by usihgerpreters,which will be treated
ahead in unit 8.

Testing
Usually, for a large program that has been develajsegng modular
metho I, there are various stages of testing d@wel

Unit Testing

Integration Testing

System Testing

User Testing

Unit Testing involves testing the separate components or mocages
they are being developedintegration Testing involves testing the
program as separate modules are put togetherl\;inalthe part of the
programmer System Testingoccurs when the whole program is being



tested in its final form to be ready for use. Hoem\there is also the
usual need for the user's testing. This is whenudex of the program
tests the final program to see whether it meetsihieger needs.

Program Documentation and Maintenance

There is no good programming without documentafidms is the
documentation of all the work involved in the pragr development.
The documentation should consist of all writtenotigsions and
explanations of the program and other materials@as®d with the
development.

Generally, proper documentation serves as a referguide for
programmers and system analysts who are to mdwfptograms and
their procedures when the needs arise. When amisegen grows for
example, program modifications must keep pace igtbhanging
needs. Hence the process of documentation is avirangne.
Maintenance includes any activity aimed at keeppirggrams in
working condition, error-free, and up to date. Yaill now round up
this unit.

4.0 CONCLUSION

In this unit, you have been introduced to the twamitypes of
programming, namely, System programming and Appboa
Programming. As you have learned in the unit, sygteogramming
facilitates the use of the Computer hardware aaduhning of the
application programs. The application programssargly those that
solve the users' problems. The unit has equallgrtalou through the
basic stages involved in programming.

5.0 SUMMARY

This unit has shown you that the computer maclargmply an
electronic device which only becomes a useful tomugh its
programming. According to what you have learneth@unit, every
computer program is designed to solve a specibblpm or perform a
particular task. Hence the art of programming staytdefining your
problem and then followed by the designing of tbkeitson. A very vital
aspect of programming from what you have learndtisunit is the
documentation of your program and this should beragoing process
for a program that is regularly modified to keeg@avith the changing
needs of its user.

6.0 TUTOR-MARKED ASSIGNMENTS

l. Define a program and hence distinguish betwegstem



programming and application programming.

2. What are processing programs?. Give examplésese in an
operating system.

3. (a) Discuss portability and maintainability irogramdesign.
(b) What is integration testing?
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1.0 INTRODUCTION

Historically, instructions for Computer processimgthe early days of
the Computer had to be either wired on control [sgaard plugged into
the machine at the start of a job processing or toatdle read from
punched cards in distinct steps of the job proogssAny of these
methods was very slow since the computer had ta veai these
instructions to be fed in by a human operator.

To speed up processing, the computer memory becaefal to store
instructions as well as data. This developmentothiced what was
known asStored-Prograntoncept. The need to represent instructions in
one form of code or the other gave birth to theamobf Programming
Language and the first form of these codes becahw 18 called the
Machine Language (ML).

In this unit, the above short history will be buifton to introduce you to
computer programming languages and their classidics. Your study
objectives for this unit will therefore be as falls:

2.0 OBJECTIVES

By the end of this unit, you should be able to:
Categorise Computer programming languages.
State the various types of languages.
Identify different levels of Computer programmiranguages.

3.0 MAIN CONTENT
3.1 Classification of Languages

Before you see the general classification of pnogneng languages,



you will recall the origin of programming language®ntioned under
the Introduction. You have been introduced to wisaknown as the
Machine Language which is generally known as tmguage that the
computer understands. With the birth of the Machim@guage, two
broad categories of languages are as follows:

Low-Level Language

High-Level Language

Low-Level Language

Machine Language is generally called the lowestelléanguage and it
was the first language available to computer pnognars. It is very fast
since the language needs no translation becaussiitsctions are made
up of zeros and ones (O's and | 's). Thus Machaeguage is merely
data to the computer and the program can modifglfitsluring
execution.

Theadvantage®f Machine Language (ML) can be summarised as
follows:

Fast execution speed

St irage Saving

Programmer's full control of the Computer and #@pabilities
However, ML has somdisadvantageas follows:

Difficult to learn

Highly prone to errors

Totally machine-dependent — this means that prognantten

in ML will only execute on the specific machine yheere

written.

You have been informed that ML is the lowest-ldaglguage. Hence it
is the most efficient language and it is good fou yo know that every
computer responds only to its machine language.

The next in the hierarchy of languages that iserlde the Machine
Language is théAssembly Language (ALAssembly Language was
developed in the early 1950s to alleviate some ha&f difficulties
associated with the Machine Language. Symbolic sasnennemonics
were used to replace the binary code of the Machiaeguage.
Remember that a mnemonic means a memory aid. He¥ice
instructions are easier to remember than the Qislda of the ML
instructions.

Below are theadvantage®f the AL:
It is efficient in processing time and in the usen@mory space.
It encourages Modular Programming, where program®eoken
into modules.
It provides an error listing which is useful in dejging.



Since it is very close to machine language, itss éast.
Just as you have seen tbesadvantagef Machine Language, the
Assembly Language also has its disadvantages. Sbthese are stated
below:
It is cumbersome in usage.
Assembly Language has one-to-one-relationship mgrchine
language, meaning that one Assembly Language cisiruis
translated into one Machine Language instructidms Pprocess
leads to long program preparation time.
Assembly Language is machine-dependent like thehMac
Language.

SELF ASSESSMENT EXERCISE 1

State the problem associated with machine depegdgrdL, and AL.
Now, remember that under introduction to this unityvas stated that
languages can be broadly categorised into two asllevel and High-
Level languages. However, there are various waysatégorising
computer programming languages. One way of doimgyishto classify
them by the following:

Level

Purpose
Orientation
Structure
Translation Method

Level Classification

You have already seen this above as low- level high- level
languages. High- Level Languages will be treatethennext section of
this unit.

Purpose Classification

Under this classification, you have:

General-Purpose Languages

Special-Purpose Languages
A general-purposéanguage is one that can be used to solve a variety
problem types. From what you have learnt alreadyutlbow- level
language, it means that the lower the level, theengeneral purpose the
language. Aspecial-purposelanguage is one that can be used for
specific types of problems, such as a languageecaWPL (Word
Processing Language) developed by Apple for woodgssing.

Orientation Classification



In this classification, you have the following:

Procedure — Oriented Languages

Problem — Oriented Languages
In using A procedure-orientedanguage, you have to specify how to
solve a problem by indicating the procedures thmpder will follow
step by step. However, in problem-orientedlanguage, you simply
specify what to obtain as your results while thevellgpment of the
procedures is left to the language.

Translation Method Classification

Among all the Computer programming languages, dhly machine
language is in machine-executable form. All otherguages must be
translated into O's and | 's, the only things ustberd by the computer.
Now, translators take the forms of the following:

Interpreter
Compiler
Assembler

Interpreter

Some languages are interpreted by convertingsiigrce program"”
into machine language as the program is being ¢ésdclnterpreters
translate code line-by- line which therefore matkesn run slowly than
other translators. For example, sonic BASIC languagysions only
interpret programs instead of compiling them. Hogran Turbo Basic,
KBASIC or BASIC 4GL you can compile the BASIC soarode into
an executable code.

Compiler

Unlike an Interpreter, a Compiler translates afremirogram into
machine language before the execution of the progkaCompiler
usually translates the SOURCE program into anqgihegram called
the OBJECT program which is the machine language~e of the
source code. With the object program created by gompiler, you

will never use the source program again except wienvant to
modify it. Generally, a compiled program runs fasktan an interpreted
program.

Assembler

You have already been introduced to the Assembihgluage which is
neither compiled nor interpreted. For the langu@ge,simply
assembled. Since the assembly language is alréasly to the machine
language, assembling a program is therefore legstonsuming than
compilation.

Before you proceed to the next section on High-Leaag ages, it is



worth noting that advancement in computer programgnanguages
has added a new classification of languages, c¥kgy High Level
Languages (VHLL's) or what are usually referred$dhe 4th
Generation Languages (4GL's).

Below are the basic characteristic layers of a BMGL:
: Database

Data Communication

Data Processing

End User Facilities (EUF)

From the above, database languages such as Fokbase and
Foxbase are 4GL's. A language such as Visual Besich equally has
database capabilities can also be classified aGlafdom the above
characteristics.

Now, you will be introduced to the High- Level Larages in the
following section.

3.2  High Level Languages

In the previous section, you have learnt aboutlLine-Level language
which is fundamentally machine-dependent. In cattt® machine-
dependence of low- level language, High-Level Laggs (HLL'S) are
machine- independent.

High-Level Languages are either
Procedure-Oriented, or
Problem-oriented

You will recall that the above two classes of lamges were mentioned
underorientation classificatiorof languages in the last section. High-
Level Languages can further be classified agaiolasvs,
remembering that there are many ways of classifgorgputer
programmmg languages:

Scientific-Oriented Languages

Business-Oriented Languages

Multi-Purpose Languages

Education-Oriented languages

Natural Languages
It is good for you to know that a language can hawe of the above
characteristics with one of the two earlier feasurthat is,problem-
oriented or procedure-orientedeature. This should not confuse you.
Now, it is time to introduce you to some commonhRitgvel languages.
Detailed features of some of these languages \wiltrbated in other
units in this course.



FORTRAN

You are starting with Fortran because it is gemeraferred to as the
first high- level language. The name is the shat fFORmula

TRANSslator. Fortran is a scientific-oriented andolgem-oriented

language. Since early computer users were scigrdrsl engineers, it
was not therefore surprising that the first higbvel language was
designed to solve scientific problems. The languags developed by
an IBM (International Business Machines) groupbgdlohn Backus in
1957, though its first appearance was in 1956 awogrto some

authors. There have been various versions of tigukge as follows:

Fortran Il in 1959

Fortran IV in 1966

Fortran 77 in 1977

Fortran 90/95 — the latest version.

You will learn more about the language in unit £@his course. BASIC
BASIC is the acronym faotBeginner's All-purpose Symbolic Instruction
Code and it is the most popular programming languageisltan
Education-oriented language developed in 1965 $erhy Colleges and
Universities for instructional purposes. It is aB@eneral-purpose and
procedure-oriented language. BASIC can be intezdreand also
compiled. You will learn more about BASIC in thiswrse. Today, we
have a number of BASIC language versions which gan use to
develop beautifully designed software packages.

PASCAL

Pascal language was designed in 1971 like BASICa a®aching
language. The language was named after Blaise IPagua was a
French Mathematician and Philosopher and the iveaot the first
mechanical adding machine. You are going to leabout the
fundamentals of the language in unit 12 of thisrseu

Cor C++

The C language was developed as an improvemenhefetrlier
versions, A and B which were developed by Bell Labaries. C
language was developed in conjunction with the UNbgerating
system; in fact it is the language of the Unix gp@g system. The
language is lower in level than a language likecRlabut higher than
assembly language. Presently, we have the C++ aisdaV C++
languages which are the later versions of the maigC language.

A good number of big organisations today prefer @fegrammers for
their in-house software development because oé#lsential features of
C++ which are absent in other languages. You uslh &e introduced to



the basic features of C/C++ language in this couksgood knowledge
of C++ will help you to understand Java languagsilgavhich is an
essential language in Web publishing.

COBOL

COBOL stands for'COmmon Business Oriented Languageid was
developed in 1960 as a language suitable for bssi@gplications.
Except for some big organisations which are unmgllto rewrite their
programs using one of the modern languages, COBQilmost totally
abandoned by programmers today.

There are a number of other high-level languagatsytbu may ha ye no
cause to study today because of the new trendogrgmming. Some of
these are listed below:

ADA - named after Augusta Ada Byron, th& 1
Computer programmer. It was developed in 1983 I8/ Defence
Department.
APL - A Programming Language, developed betweer? £l
1968.
PL/1 - Programming Language 1, developed in 1964.
LOGO - developed in 1966.
RPG - Report Program Generator, developed in the
1970's.
LISP - Short for LIST Processor, developed in 1960
as a Special — purpose language designed to matepul
nonnumeric data.

Though you will not be introduced to the essengabgramming
languages in this course until later in your acadeprogramme,
however, there are some vital programming languggeswill need to
study as a programmer. Examples of these are:

HTML - Hypertext Markup Language
Java - an object-oriented language
SQL - Structured Query Language
You will be introduced to the HTML in this course.

SELF ASSESSMENT EXERCISE 2

Define a procedure-oriented language and give waongles from the
list of languages mentioned in this unit.

4.0 CONCLUSION



In this unit, you have been introduced to the galndassification of

computer programming languages, namely, low- lawel high-level
languages. The two low-level languages are the madanguage and
the assembly language, the former being the lowest.

The machine language, as you have learnt in this ignthe only
language understood by the Computer and all o#tmgyuages have to be
translated into the language for the Computer tecete their
instructions.

5.0 SUMMARY

This unit has presented to you an overview of cdeypprogramming
languages. Apart from the low- level languages, eélgnthe machine
and assembly languages, you were introduced to soamemon
examples of high-level languages The basic chaiatts of some of
these languages such as BASIC, FORTRAN, PASCAL, Gnd
HTML will be treated later in this course.

6.0 TUTOR-MARKED ASSIGNMENTS
1. Identify the first, second and third generationglaages.
2. (@) Give two common advantages of the machine and
assembly languages.
(b) How are languages translated into machine code?

3. (@) Classify the languages below:
0] Fortran (i)  BASIC (i) C++
(iv) Pascal

(b) State the features of 4GLs.

7.0 REFERENCES/FURTHER READINGS
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1.0 INTRODUCTION

As you already learnt in unit 1, a Computer programsually designed
to solve a specific problem. However, a PROGRANMbhgk to a larger
class of problem-solving techniques known as ALGUHRMS. This
unit is therefore aimed at introducing you to thasib theory of
problem-solving and its relationship with algoritbinYou will also be
taken through the fundamental features of an algworin the unit.

You will now see your study objectives in the nsattion. 2.0

OBJECTIVES

By the end of this unit, you should be able to:
Define the basic concepts of problem theory
Explain the principle of solving complex problems.
Discuss the characteristic features of an algorithm
State various forms of representing algorithms.

3.0 MAIN CONTENT
3.1  Problem Theory and Algorithms

The design and development of algorithms rest walelthe principles

of problem theory. You may ask, what is an algonithPrecisely, an
algorithm is a procedure for solving a particulestgem. This definition

will be expanded more in the next section. It isdjto also quickly state
here that a PROGRAM is an ALGORITHM but the conedssnot true.

An algorithm has to be expressed in a high- lexegliage to qualify as
a program.

Now, every problem is usually characterized byftllewing states:



Initial State

Goal State.
Every algorithm is designed to transform a probfeom its Initial (or
unsolved) state to its Goal (or solved) state bymseof permissible
operators or steps specified by the algorithm. Walneed to see an
important definition below.

Definition (Stepwise Refinement)

Complex problems that cannot be solved directlyustaally simplified

into sub-problems and sub-goals until you obtaisub-problem state
that you can solve directly. Such a problem solvingthod is called
Stepwise Refinement.

The principle of stepwise refinement is usually éyed in Computer
program development in which an initial highly abst representation
of a required program is gradually refined throughsequence of
intermediate representation to obtain a final progrin a chosen
programming language.

Before you go to the next section, below is an irtgt set of concepts
in algorithm theory closely related to problem-sodyvprinciple.
Problem State Assertions

The description of problem states is often givenwdyat you call
ASSERTIONS in problem theory. The assertions awessilied as
follows in association with algorithm development:

Initial Assertion
Final Assertion
Invariant Assertion
Pre-condition
Post-condition.

The above types of assertions are discussed bagflgllows:

Initial Assertion

This is the declaration or statement that precedesfirst step of an
algorithm and it simply describes the initial pretnl state before the
execution of the associated algorithm.

Final Assertion

This is the assertion following the last step obégorithm which
describes that goal state of the associated problenis, after the
associated algorithm has been executed.



Invariant Assertion

This is an assertion that is true under the execudf a step in an
algorithm irrespective of the number of times ttepss repeated (both
before and after the execution of the step).

Pre-condition
A precondition is the assertion preceding a stegnodilgorithm. By this
definition, you will see that Initial Assertion @asprecondition.

Post condition

A post condition is the assertion following an altfon step and by this
definition, it also means that Final Assertion ast-condition.
Generally, precondition and post-condition areethlhtermediate
Assertions and they generalize Initial and Finad&xtons respectively.

3.2 Basic Features of Algorithms

In the last section, you have been introducededuihdamental
concepts of problem theory and the fact that aardhgn is a procedure
for solving a particular problem. Now, you will heing through the
features of an algorithm. As stated in the lastisecbelow now is an
expanded definition of an algorithm.

Definition (Algorithm)

An Algorithm is a prescribed set of well-definedesior instructions for
the solution of a problem in a finite number ofpsteOn the other hand,
you can define an algorithm to be a sequence dfdedined, finite
steps, ordered sequentially to accomplish a task.

In fact, most recipes for dishes are simply al¢pons, however, with the
avoidance of a statement such as "Add Salt to"tadthy? The reason
is that an algorithm step should not contain such ambiguous
statement.

Now, you will see below the features or charactiessof an algorithm.
You may as well call them Algorithm Criteria astethbelow.

Algorithm Criteria
Every algorithm is expected to satisfy the follog/ieriteria:
: Input Criterion

Output Criterion

Precision Criterion

Finiteness Criterion

Efficiency or Effectiveness Criterion.



The above five criteria will now be discussed beltwput Criterion
There should be zero or more values which are rexilgrsupplied to
the algorithm.

Output Criterion

An algorithm should provide an output of implemdiaia or
experimentation. This is very essential to cheek ¢brrectness of the
algorithm.

Precision Criterion

Each step of an algorithm must be clear withoutampiguity or any
inherent assumptions.

Finiteness Criterion

An algorithm must terminate after a finite numbdr steps. There
should also be a stopping criterion to terminatalgorithm in a case of
a step with repeated execution.

Efficiency Criterion

Each step of an algorithm must be sufficiently basiat it can be
carried out in principle. That is, each step muestdasible (in addition
to being definite or precise). There must nevermbempossible task
included in algorithm steps. In actual programmiag, example of
impossible tasks is when a quantity is being digidg zero.

You will now be introduced to an essential methbcheasuring the
efficiency of an algorithm, presented under whatssally termed
algorithm complexity.

Algorithm Complexity

What is meant by algorithm complexity here is siyriple difficulty of
solving computational problems, measured in terhs®me resources
employed during the computational process. Thiescribed below.

Suppose P is an algorithm with n as the size oiripet data. Usually,
Time and Memory (or space) employed by P are twpmmeasures of
the efficiency of P. While time is measured by dmmthe operations
that consume the maximum time among other opergtibe space is
measured by counting the memory locations neededéglgorithm.
You can see from the above description that aligwricomplexity is a
functionf(n) which gives the running time and/or memory requeais
of the algorithm in terms of the simeof the input data.

Generally, the memory requirements of an algorignensome
multiples of input data size and the program iy, in brief, an
algorithm is said to be efficient if it requirestfollowing:



Minimum Memory

Minimum Time.
But generally, unless otherwise stated, algoritfiimiency mostly
refers to the running time of the algorithm anig mot usually possible
to of sin an algorithm with the minimum time andmuey features.
Hence you have to make a choice between alteriggatams; that is,
one with minimum time or one with minimum memory.

Algorithm Representation
Below are the common forms of representing algorith

Pseudocode
Flowcharts
Formulae.

There are other forms of representing algorithmgkiiou may not
bother about for now at this level. Some of thesent are:

Decision Trees
Nassi-Shneidermann Structured
Flow Diagrams (NSSF)
Warnier-Or Diagrams.

Apart from the first three forms listed above, thst three are seldom
used today despite some of their merits, espediayNSSF diagrams.
You will be introduced to flowcharts in the nextitutiowever you will
see the definition of Pseudocode below.

Definition (PSEUDOCODE)

A Pseudocode is a logical representation of anrdiigo using third
generation language (3 GL) style such as DO, WHILETHEN-
ELSE, etc. Pseudocode is also called structuredidbngince it is
English- like in structure. It is essential to knomat a Pseudocode is
not directly executable on a computer except itramsformed into a
high- level language code.

Interestingly, Pascal language has a general fornts Pseudocode
which cannot be said of other languages. The gefera is as
follows:

ALGORITHM name
DECLARE

definitions and declarations
EXECUTE



statements to be executed
END name.

As you can sec above, a Pascal Pseudocode is sinaolg up of four
blocks:

Algorithm Name
Declarations
Executable Statements
End of algorithm.

See an example below.
Example 1 (Pascal Pseudocode)

ALGORITHM average
DECLARE

a, b, c: REAL
EXECUTE

INPUT a, b

c? (at+ b)/2

OUTPUT ‘c=', c

END average.
The above example finds the average of two numbéos. can see
below how the above Pseudocode can be transforrasidly énto a
Pascal code.

Example 2 (Pascal Code)

PROGRAM Average (INPUT, OUTPUT);
VAR a, b, c : REAL;

BEGIN
READ (a, b);
c:=(a+hb)z

WRITTEN (' c=', ¢);
END.
You will return to this example in the unit on lotluction to Pascal
Language in this course. However, you can see hasvvery easy to
transform a Pascal Pseudocode into its associa&ibelbvel language
Pascal code.

The symbol ? in the Pascal Pseudocode in Exampk chlled the



ASSIGNMENT OPERATOR or SYMBOL and it is used in qgdaof
equality sign. The general usage is as follows:

variable ? expression.

The above is read dexpression is assigned to variable"variable
becomes expression"

In the Pascal pseudocode above if you have an pstiiement as
follows:

OUTPUT 'c=", ¢, MORE
the equivalent Pascal code statement will become:

WRITE ('c =", ¢);
which means that the next output will be printedlomsame line.

SELF ASSESSMENT EXERCISE 1
I Why do you think the END statement in the Pag&s®dudocode
in Example 1 has to bear the name again?

WRITE: variable list
Or
OUTPUT variable list

As you have already seen in the example above,ufmubstatement
could consist of a message or a string of chamttemake the output
more meaningful to the user.

Instruction Execution
The instructions in an algorithm are usually exeduine after the other
as they appear in the algorithm steps.

Algorithm Completion

Generally, an algorithm is completed with the execu of the last
instruction. However, an algorithm can be termidatat any
intermediate state by using the exit instruction.

4.0 CONCLUSION

In this unit, you have learnt the basic conceptproblem theory and
how they are related to algorithm development. Tihié has also shown
you the essential criteria that characterize evgorghm. If you
remember, they are:

Input
Output



Precision
Finiteness
Efficiency.

Finally, in this unit, yothave been introducedo some various forms
of representing algorithms.

5.0 SUMMARY

Problem theory is very fundamental to the desigd development of
algorithms as you have been taught in this unie Thit has therefore
taken you through some basic concepts of probleworyh

As you will remember, a major concept in problemedty is
ASSERTION which describes the state of a problemtds being
transformed by algorithm steps. This unit has agecifically shown
you the major characteristics of algorithms and hlogy are represented
in various forms. The next unit will specificallgke you through a very
essential and common vay of representing algorithms which is very
basic to computer programming design.

6.0 TUTOR-MARKED ASSIGNMENTS

1.How does the method of Stepwise Refinement affect
development of an algorithm?..............

2.  What is the essential factor in the measuremeancaaﬂgorlthm
EffICIEBNCY? oo

3.  Construct an algorithm to compute the sum of ngets starting
with the kth integer.
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1.0 INTRODUCTION

The task of computer programming rests to a laxgeng on the ability
of the computer programmer to properly make usthefinitial analysis
and design tools available to him. Programmingne of the essential
components of the broad task of system analysis degign. For
analysis and design work to be useful, it must kpressed in one
understandable form or the other. In general practanalysts and
programmers make use of diagrams and charts astampoools. In this
unit, you will therefore be introduced to the usé fowcharts,

specifically in programming. Below are your studyjextives for this
unit.

2.0 OBJECTIVES

By the end of this unit, you should be able to:
State the types of flowcharts employed in prograngmi
Identify various ANSI (American National Standatdstitute)
symbols used in flowcharts.
Construct simple flowcharts for simple programs.

3.0 MAIN CONTENT
3.1 Types of Flowcharts and Symbols
Under the broad area of System Analysis and Desifrwhich

programming is a component, you can classify dimgrand charts used
by analysts and programmers as follows:

Data Flow Diagrams (DFD).
System Flowcharts
Forms Flowcharts



Program Flowcharts
Hierarchy or Structure Charts
Hierarchy plus Input-Processing-Output (HIPO) Chart

Though your emphasis will be or Program Flowchirthis unit,
however, see some brief descriptions of the ahisvad follows.

Data Flow Diagrams

The common symbols use DFD d in are
Open-ended rectangle or Sinks.
Circles or Bubbles.
Arrows.

The Sinks are as shown below

or

They signify files or other sources of information.

The Bubbles are as stated above circles:

A bubble is an operation or a procedure that tans$ data.

The arrows ? represent the flow of data and they asually

accompanied by comments to indicate the flowingud@here is what is
called SANDWICH PRINCIPLE which states that "Evdaybble falls

between at least two data flow arrows".

System Flowcharts
While Data Flow Diagrams focus on the flow of datal the general
operations in using data to obtain results, sydtewcharts perform the



same role but in addition specify the data proogstachniques to be
used. Since system flowcharts provide more dethis; are therefore
referred to asDevice-Specific" _especially when automated
processing methods are employed.

Forms Flowcharts

The DFDs and system flowcharts already consideneglrgp any
indication of the units of an organization thatfpen the data
processing task and which units use the informatitmwever, Forms
Flowcharts are simply employed to supply this imation of how
documents and forms flow among the organizationasuThey don't
indicate how data are processed.

Program Flowcharts

You have already seen three types of charts albatgtovide the
overview of the flow of data and the assignmentiin€tions among the
agents in a system. When all the agents are huyoargall the system a
MANUAL SYSTEM. But when computers are employed &fprm
some procedures, the system is called a COMPUTHRISESTEM.

Now, program flowcharts or what are also calleddiicoor Block”
diagrams are the charts employed to depict thelstegiep procedures
to be used by a computer system to process datialliysthe flowchart
symbols are arranged in the same logical sequenesgitch
corresponding program statements will appear irptbgram.

As a programmer, you are expected to be very famaith how to
construct a good program flowchart. This is becdlasecharts provide
excellent way of documenting your program. Moreo¥lewcharts
serve as good maintenance tools since they camplyed to guide
the programmer to determine what statements ateregljto make any
necessary modifications and where to locate thdmasBn updated
flowchart provides good documentation for a revisemram.

Now, at this juncture, it is in order to quicklytioduce you to the
flowcharts symbols as approved by ANSI (Americarniddeal Standards
Institute).

Flowchart Symbols
Flowcharts generally make use of symbols that sseyaed specific
meanings. The common symbols are as follows, irtahie below:



Table 1 ANSI Flowchart Symbols

SYMBOLS DESIGNATION ORNAME MEANING
Oval "~ Terminals
Rectangle Process
Diamond Decision
Paralielogram Input/Out
Rectangle with Double Predefined Process
Vertical Bars or Modules
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Curve-sided Quad Output
Multiple Curve-sided Quads Muiti-document
, Preparation or
Hexapon Initialization
Trapezium Manual Input
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|
-_ | — Armows or Flowlines Flow Directions
Q |
@ ;{ndznnml Cylinder Direct Access Storage
T Open Rectangle Comments

There are yet some few other symbols not includetie above table
that are among the symbols adopted by ANSI andISiSo
(International Standards Organisation).

Now, you can draw these symbols easily by usingith@ tools
available in some software packages such as Flovecha Microsoft
Word Autoshapes. You will be given examples assediavith the use
of the above flowchart symbols in the next section.

Program flowcharts can be divided into two:

Macro Flowchart
Micro Flowchart.

A macro flowchart is the flowchart that outlineg ttpeneral flow and
major segments of a program. It is also called'Madular program
flowchart" where the major segments of the progasencalled the
modules.Specifically, macro flowcharts are those calleddgl
Diagrams as earlier mentioned.

Unlike macro flowcharts, a micro flowchart shows thgic of the
program in full detail. Hence it is also called2etail Flowchart".
Micro flowcharts usually depict the processing stegrjuired within a
particular program and often consist of a one-te-correspondence
between flowchart blocks and program statements.

Now, you remember that you were being introducedatwous types of
flowcharts and you are yet to treat structure am@Hcharts before it
was seen to be getting a bit late to introducefibmchart symbols.
Now, see the brief descriptions of the remaining types below:



Hierarchy or Structure Charts

Structure charts are diagrams that depict the proes of an operation
in a hierarchical form. A typical example of a faieghical chart is the
one showing the organizational structure of an mgdion. Structure
charts are usually read from top to bottom and teftight and they
concentrate majorly on those procedures that shbalcexecuted to
perform the job or each module. This is referredas "Top-Down
analysis".

HIPO Charts

HIPO (pronounced "hypo") as you have already learnt dstafor
Hierarchy plus Input-Processing-Output. HIPO chanve design
approach similar to that of structure charts amy #dwre more concerned
with WHAT is done than with HOW it is done. Sindeetemphasis in
this unit is more concerned with flowcharts thakdily provide aids to
programming, you will therefore presently not beheosed with detail
description of HIPO charts.

SELF ASSESSMENT EXERCISE 1
Among the various types of charts introduced abmentify those that
provide details essential to practical programming...............ccceenn...

Answer

Program flowcharts and system flowcharts, but nspeifically the
former (i.e. program flowcharts).

You will now go through some simple applications ofifttharts.

3.2  Applications of Flowcharts

In this section, you will be introduced to some simpbamples of

problems with their associated flowcharts. You wstirt with the
example in unit 3, having the following Pseudocode.

Start
read: a, b
set ¢ = (at+b)/2
write: ¢

End.

However, remember you used Pascal Pseudocodecfabtbve example
in unit 3. Before drawing the simple flowchart ftve problem, modify
the Pseudocode as follows:
Start

read: a, b

setc=(a+Dh)2



if ¢ <0 ther
write: "Average is negative
re-star
else
end if write: (

End.
The flowchart for the above problem is as follo

Example 1

c = (a+b)2

NO

S
C END )

The above flowchart uses the most commonly usedsignnamely:
Terminals
Input/Outpu
Processin
Decision
The original problem was deliberately modified you to use thi
Decision box in the flowcha
Now your exercise belc



SELF ASSESSMENT EXERCISE 2
Reconstruct the above flowchart for the same prolmath manual
input and a print output.

Answer
The new flowchart is as follows:

E START )
/ READab /

¢ =f(a+bh)?2

END

You observe that "PRINT" is used in the DocumennhBgl to make it
more appropriate. The same word can be used iRskadocode since
you are free to be flexible in your use of word$seudocode.

You will now go through another example, having fibléowing
Pseudocode:

Example 2

START
DOWHILE staff number ? 0
READ: staff weekly work record
IF work is hourly THEN
CALCULATE gross pay

ELSE
Pay = (annual salary)/52
ENDIF
Update payroll file
ENDDO

END.



In the above Pseudocode, the calculation of thesgpay is taken to be
a pre-defined process. The flowchart is as followasn unbroken form:

! START ?
()
READ weekly
work record

Staff Number
Y
NO

YES ’
CALCULATE Gross Pay
Gross Pay = Ansal/52

UPDATE
Payroll File

To minimize the use of a long flowline, a connedtas been used in
the above flowchart. In the flowchart, you will @pge that the program
is terminated when the staff number is enteredeas.zZAs you will
observe in the flowchart, expressions have to beteshed in forms that
the boxes can easily accommodate.

As you have already learnt in the previous sectbrthis unit, the

predefined process box is representing a moduteeoprogram, which
in the above example is the segment of the prodraincomputes the
Gross Pay.

Later in your course of study, you will definitebame across more
complex problems that will demand the use of mdrthe flowchart
symbols you have already been introduced to inuhis You will now
round up the unit.

4.0 CONCLUSION



In this unit, you were taken through the genergesy of flowcharts
employed in system analysis and design with speemphasis on
program flowcharts.

As you learnt in the unit, program flowcharts candivided into two:
Macro flowcharts and Micro flowcharts. While therfeer focus on the
major segments of a program, the latter show thgiclmof the
programming in full detail. There are standard sglmbapproved by
ANSI and ISO as presented in Table 1 in the uniu Yieed to get used
to the symbols since flowcharting provides a vemyod) way of
documenting your program.

5.0 SUMMARY

The unit has introduced you to the fundamentalfasécharting as an
essential step to good programming. You were akert through some
examples of flowcharts, using the most common sysabou need to
practice with more complex problems that will sugjgdae use of more
symbols of flowcharts.

In summary, below are some rules that guide flowtaig

Organise flowcharts in modules
Use the standardized symbols approved by ANSI 8ad |
Vary symbol size but not shape
Maintain good and consistent spacing between sysrfbolgood
readability.
Arrange program flow from top to bottom and leftright.

* Never cross flowlines
Avoid the use of connectors unless they are negessavoid
too many breaks in the flowchart
There must be no path or flowline that goes nowhé&hes is a
rule that is consistent with the concept of a "roprogram"
that has one entry and one exit.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is the sandwich principle and in what typeludrt is it

applicable?
2. Distinguish between system flowcharts and programdharts.
3. Let f(x) be a given function with xmin and xmaxtae

minimum and maximum end points over which f(x)ds t
tabulated. Let dx be the increment in x. Studyfdtewing
pseudocode and then construct an appropriate flamvédbr it.



START
READ: xmin, xmax, dx
Set x = xmin
WHILE (x = xmax) DO
Sety =1(x)
WRITE: xly
Set x = x+dx
END WHILE
END.
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1.0 INTRODUCTION

In this unit, you will be taught an essential methaf programming,

known as "Structured Programming”. The structuredg@mmming

design is a programming tool developed in the 198€sa way of

defining the elements of a problem and as at tatkathe best approach
to all computer programming tasks.

This unit is aimed at introducing you to the basd&ments of structured
programming with their appropriate illustrativeviloharts. Now, look
at your study objectives for this unit.

2.0 OBJECTIVES

By the end of this unit, you should be able to:
Define the three basic structures of structure@mmming
Explain the techniques employed in structured @ogning
projects.
Develop computer programs using any of the pattefns
structured programming.

3.0 MAIN CONTENT
3.1 Basic Logical Structures

Before you go into the three types of logical patsethat characterize
structured programming you need to understand theefiis of this
method of programming. To start with, you needriow that without a
standardized method of solving a problem, a programmay spend
more time than expected in finding an appropriatet®on method and
in the development of the associated program. tired programming
gives room for well-thought-out program logic and\pdes an attempt
to keep programs as simple and straight forwambasible.



Basically, structured programming employs Modul@pfoach and
Top-Down Principle, the concepts which you have e@tross in the
previous units. Now, the fundamental objectivestaictured
programming are as follows:

To increase programmer productivity

To increase program clarity by reducing complexity

To reduce program testing time

To reduce program maintenance time and effort.
Here is an essential feature of structured progriaugnit is a_"GO-TO-
less" programming technique, meaning that the BRANattern
characterized by GO TO statements is highly disoged in structured
programming. This is because a GO TO statement esaumn
unconditional branch from one part of the programanother and an
excessive use of such statements leads to consncisanges in the
program execution flow. Moreover, a program with nmaGOTO
statements is very difficult to modify by progranmse
Having gone through the above preliminaries butdrtgnt aspects of
structured programming you will now see the thressid logical
patterns that characterize structured programmiihgy are as follows:

Sequence Structure
Selection Structure
Iterative Structure.

Sequence Structure

In sequential structure or what you can also aajuential logic, the
steps are executed one after another as seriahtapes. This can be
illustrated by the following flowchart:

Process A

Process B

Process C

In fact, most processes, even of very compie@blems will usually
follow this elementary sequence structure or logic.



Looking at the above flowchart, there are tarrows, oneat the tof
leading to the first process box and one at thbtleading out from
the last process box. They respectively represemiENTRY and
EXIT points of the program segment. It is good tateshere that ae
basic guideline of structured programming is thethemodule shoul
have only one entry point and one exit point. Hais treason, |
program that has only one entry and onet is called a PROPE
program.

Selection Structure

The selection structure uses conditions and bon the decision take
by the computer after compariscof data, one of the available
alternatives is selected. For this reason, ialso called Alternation
structure or Conditional structure. Ycan also call it the IFstructure
The selection structures can be categoras follows:

Single Alternation
Double Alternation
Multiple Alternation

Single Alternation
This is described by the follong flowchart:

Condition

Process

In the above flowchart, if the conditio is satisfiethen the
instruction(s) in the Process box (or what is atsdled ACTION
BLOCK) is/are executed. If the condition is notisi@d, the contro
transfers to the next instruction folling the checking of th
condition.

The pseudocode is as folloy

IF conditionTHEN
actionblock statement(sENDIF

Double Alternation
The structure is illustrated belc



FALSE TRUE
Condition

ELSE

THEN
Process

Process

You will do the following exercise no'
SELF ASSESSMENT EXERCISE :

I.  Construct the pseudocode for the above stru
Answer
IF condition THEM
Action — block - 1
ELSE
Action block — 2
ENDIF

Where actio-block-1 constitutes the THEN Process and a«~block-
2 represents the ELSE Proc

As you can see in the aboflowchart, if the condition is satisfied, th
the instruction(s) in the THEN process box is/atecaited, otherwis
the instruction(s) in the ELSE process box is/aexated

Multiple Alternation
The structure is seen in the following flowcharingsttree conditions:



Congdition - }

Condition - 2

Condition - 3

TRUE

Condition - 4

TRUE

FALSE

Looking at the above flowchart, you will see thiahone of the four
conditions is satisfied, then the process in theéSELbox will be

executed.

You will now study the third structure below

Iterative Structure

Iterative Structure is of the following two formsrmerally
WHILE Loop
DO-UNTIL Loop.



WHILE Loop

To start with, an iterative structure is also ahlilee Loop or Repetition
structure. Now the WHILE loop which you can alsd ttee DO-
WHILE structure is illustrated below:

FALSE

Condition

TRUE

Condition

A pseudocode for the above flowchart is as follows:

WHILE conditionDO
statement(s)
ENDWHILE.

When using the WHILE loop, the following points &®sential:

Have an instruction that initializes the conditlmefore the use of
the WHILE structure.

Let there be an instruction that modified the ctadiwithin the
loop. Without such a statement, the loop will rdpéself
indefinitely.

As you have seen in thabove flowchart, the "condition" is used to
control the loop. Thus the loop is executed uhi €ondition no longer
remains true.

Now, see the other type of loop structure in tH®wang illustrative
flowchart.



DO-UNTIL Loop

Process

Condition

You can also call the above structure the REP-UNTIL structure. A
Pseudocode for this logical structure is thereés follows:

REPEAT

Statement(sUNTIL
Condition

SELF ASSESSMENT EXERCISE

Construct a flowchart for the Pseudocode be
DO

Statement(s

WHILE conditior
Answer

The above illustrated structure is of course alB®D-WHILE structure
Do you see thatBefore, you end the description of the Loop strie

there is another special type of loop which you sianply callthe
FOR Loop.

For Loop
This is illustrated below, using the following floart



FORI:jTOkbysDO/—

Process

A Pseudocode for the above type of loop is asvidlo
FORI1=jTO bys DO
Statement(s)
ENDFOR.

In the above pseudocode, the variables are defiaddllows:

[ ) index variable

J ) initial value
k ) final value
S : step size.

Essentially, the index variable i controls the |lodple the step size
caneither be negative (to implement decrement) ortpesto
implementincrement). When the step size is not stated, ¢ifiudt
step size isakento be 1.

For example, a flowchart for positive step sizasdollows:



Process

i=i+s

With the above you will now go to the next sectio@iore you round
up this unit.

3.2 Structured Programming Methods

In this section, you will be introduced to the tmethods employed in
developing a structured program. The two methoes ar

Level programming
Path programming.

Level Programming

Programming by level is also called Top-down prograng technique
and it is characterized by writing all the programadules on level one
or top-most level before programming the modulesewel two. In the

same vein, the modules on level two are programibeidre the

modules on level three, and so on.

An illustration is as follows:



LEVELS MODULES
1 Module
1
| |
2 Maodule Module Module
2 3 4
|
I I
3 Module Maodule Module
5 6 7
4 Module
)

Then, look at the second technique illustratedwelo
Path Programming

This is a method where all modules along a logiedih in the program
are developed in sequence. See the illustratiambel

LEVELS MODULES
1 Module
]
I I
2 Module Module Module
2 6 8
. \—I
3 Module Module Moedule
3 4 7
4 Module
5




The Path Programming is also called Backtrackiragramming. The
method helps the programmer to backtracks to teeudnwritten
module that is directly connected to the path beiegeloped, until all
modules are developed.

Before you round up this unit, remember you hawenliaught in the
unit that in structured programming, each moduteughhave only one
entry point and one exit point. Do you remembertwhacall a
program characterized by one entry point and omtepeint? It is

called a Proper Program. The modules are usuakgdi together by
DRIVER PROGRAMS. A driver program simply directetbomputer
to ENTER the appropriate module, and when the coen@XITS the
module, control is returned to the driver prografou will now round
up the unit.

4.0 CONCLUSION

In this unit, you have been introduced to the blgecal structures
that characterize structured programming. A veryomabjective of
structured programming as you have learnt in thisis to increase
program clarity by reducing complexity. This is fli@damental
principle behind the use of modular approach apedimwyn technique
in structured programming.

The three basic control structure, c: patterns eygal in structured
programming are Sequence, Selection and lIterattivetares. The
illustrative flowcharts for these patterns weresgrged in this unit.

5.0 SUMMARY

This unit has basically focused on the various sygidogical
structures you need to employ to develop structpredrams. Very
much related to the subject of structured prograrg &re the two
well-known programming techniques called Level Pangming and
Path Programming. These two methods were illustriat¢his unit.
Based on what you have learnt in this unit, soneg@mming
languages will be introduced to you later in thosise with some
typical examples that employ the principles alreledynt in this unit.

6.0 TUTOR-MARKED ASSIGNMENTS

Why is structured programming called the GO-TEBIS
Programming?

Among the three types of patterns that chanaetestructured
programming, identify the structure that seemsedarinerent in
the other two.



3. (@) Construct a flowchart for a FOR-Loop whea step size
IS negative.
(b)  Which of the following types of loop structur@$OR-
Loop is a special case?
WHILE Loop
DO-UNTIL Loop.

7.0 REFERENCES/FURTHER READINGS
Brightman, R.W. and Dimsdale, J.M., Using Compuieran
Information Age, Delmar Publishers Inc., 1986.

Mandell, S.L., Computers and Data Processing, \Rebtishing
Company, 1985.

Salaria, R.S., Computer Oriented Numerical Methé&tgnna Book
Publishing Company, Delhi, 1999.
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1.0 INTRODUCTION

This Unit is aimed at introducing you to the ruditse of BASIC

language. As you already know in the previous BRSIC stands for
Beginner's All-purpose Symbolic Instruction Codlbe language was
developed in the early 1960s by John Kemeny andriBisoKurtz of

Dartmouth College, as a teaching language. Therareany versions
of the language. Examples are:

I. BASICA - Advanced BASIC
GW BASIC - Eagle BASIC QBASIC - Quick BASIC

iv. Turbo BASIC

V. Visual BASIC

vi. BASIC 4GL

vii. KBASIC

viii. FreeBASIC

ix. SpeedBASIC

X. ExtremeBASIC

Xi. MediaBAS1C

xii. YaBAS1C

xiii. XBASIC
xiv. Liberty BASIC
x v . Just BASIC .

XVi. WXBASIC



XVii. smallBASIC
XViii. Gambas

Versions like BASICA and GW BASIC are already talearer by other

versions listed above. Visual BASIC is a version tbé language
specially designed for Windows platforms and isatpdne of the

programming tools with very high preference amorrggpammers.

However, it is interesting to know that BASIC laiage remains one of
the best programming tools gaining wide acceptaves in the face of
rapid developments of various computing platforms.

= Cf\RHﬂH» ITB.EXE

- Turhp Pasic - -~
Hues Compily Gyt dvoy :

™ Help gpsp Th Hexk i DKL Bive/mone

Figure 1: Turbo Basic Screen

For example, SmallBASIC has been designed to runvanous
platforms including Windows, Linux and Pocket P@tfarms. Gambas
Is designed for Linux operating system, while nafghe versions listed
in (vi) — (xvi) are for Windows platforms and thegmpete favourably
with Visual Basic. Specifically, SpeedBASIC is ateanpt to create an
object oriented BASIC style language, similar testal Basic, with its
own Integrated Development Environment (IDE). Thasi& source
code is converted to C++ while a compiler is used¢dmpile and link
the C++ source with libraries handling Graphic Ubgerface (GUI),
File 1/0O and etc. For example, below, is a screkot ©f KBASIC
Professional, Version 1.4, released May 2006, twsiou that BASIC
has worn a beautiful object oriented look andyi€ts reigning alongside
other programming languages today. Il
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In brief, this unit will concentrate on the varieabl and characters
employed in BASIC programming. Since every langudge its
Reserved Words, this unit will also introduce yausome BASIC
reserved words that are common with most BASIOpnegers and
compilers.

Now, look at your study objectives for this unit.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

Define the types of variables used in BASIC languag
statements.

Describe the use of the major characters and syanisad in

BASIC

Explain the meanings of some BASIC reserved words.

3.0 MAIN CONTENT
3.1 Basic Variables and Characters

The BASIC Interpreter or Compiler (since you campde your BASIC

program with Turbo BASIC, KBASIC, MediaBASIC andhets, for
Example) handles variables as names of memoryidmsatMemory
can just be visualised as a litn2.e Post Officenwiis Post Office
boxes as memory locations or cells. You know tlzthePost Office
box has an address to identify it. The contentthefbox can change
from time to time but the address remains uniqueighanged. The
same occurs in the computer memory. Now, in additioidentifying
memory locations, variable names are also usedetify the types
of data being stored in the computer memory. Thotlggre are



several types of data, in this unit on BASIC, youll wnly be
introduced to two, and hence two types of varighiasnely:

Numeric Variables
String Variables

NUMERIC VARIABLES

Generally in BASIC, variable names must start witletter and can be
followed with numbers or other letters, For exampleariable name
can be as long as 40 characters (as in MS QB&¢ckxamples of
variables names are Al, B3, AB4, JONH, REJ2, Y& smon.

Numeric variables are simply those that representbers. In BASIC,
such numbers can be whole numbers, decimals, gesdive or
negative integers. In other several programminguages, you may
need to identify specifically the type of the valeg either as REAL,
INTEGER, LOGICAL, COMPLEX or CHARACTER. However,
BASIC is a more accommodating language and mosiores may not
bother you on identifying the variable type.

STRING VARIABLES
Variable names are also employed to represent cieardata in
memGry. Character variable names are similar toanicnvariable
names, but they refer to memory locations contginfraracter
strings,where collections of characters are caldng Variables.
To specifically distinguish a string variable, thalar symbol $ is used
at the end of the variable name. Examples of strargable names are
therefore as follows:

A$, JOHNS, B2$, REJS, etc

It is good for you to also know that the dollarrs® also appears at the
end of almost every BASIC reserved word that dedth strings.
Now, while the values of numeric variables are $ymmmbers, the
values of string variables are given as charactexdosed between
double quotes, such as "NAME", "OK", etc. the spabaracter can
also be made as part of the string.

You may find the following points very helpful asychoose your
variable names:

Keep your variable name as short as possible simeaeed to
type it every time you need it in your program c@deugh you
can copy and paste, every time).

Select a meaningful variable name to assist yognmembering
what it represents.



SELF ASSESSMENT EXERCISE 1

Identify the following variables as acceptable nacceptable, giving
your reason(s) if unacceptable in BASIC.

I. ADA
i. $x
ii. TAX
\YA 8BIG
V. W.3
Answers
i Acceptable

ii.  Unacceptable — the dollar sign ($) must be pladtd the

name.

iii. Acceptable

iv. Unacceptable — a letter must begin the name and not

number.

V. Unacceptable (for common versions) — only letters a
numbers are allowed in the name.

Below, you will now see the meanings of some charaor symbols
used in BASIC language.

The characters will be grouped for your understagais follows:
- Alphabetic characters

Numeric characters

Data — type Suffixes

Mathematical Operators

Special or other characters

ALPHABETIC CHARACTERS
a—zorA—Z
That is. BASIC accepts letters A to Z, either iwém or upper cases.
NUMERIC CHARACTERS
0 —9and A — F (or a —1) for hexadecimal numbers

DATA-TYPE SUFFIXES

$ String
! Single Precision
# Double Precision

% Integer



& Long Integer

MATHEMATICAL OPERATORS

+

Addition

Multiplication

Subtraction

Relational symbol or Assignment symbol
Less than

Greater than

Decimal point

U Exponentiation

<>  Not equal to

*

vV A

/ Division

<= Lessthan or equal to
>=  (Greater than or equal to
\ Integer division

Special car Other Characters

: - (Colon) separates multiple statements on desiinge

; - (Semicolon), controls PRINT statement output

: - (Comma) also controls PRINT statement output

- (Single Quote) used for comment line in pla¢&R&M.

? - Used in place of PRINT. BASIC also uses itNBUT
statement prompt

You will see the use of some of the above symbaol$ éharacters in
subsequent units on BASIC in this course. In the section, you will
now be introduced to some keywords or reserved svor@ASIC

3.2 Reserved Words Or Keywords In Basic

Just as words have their meanings in the naturgjuiage, the same
thing applies in programming languages, reserveddsvayenerally
describe the operations to be performed by the abenp If your
reserved words are wrongly coded, you will defiyiteeceive syntax
error message during the running of the program. @svital
programming rule, it is essential to avoid usingy a the reserved
words as a variable name to avoid program errorsgluexecution.
Now, for your understanding, the BASIC reserved dgoare grouped
below according to their programming tasks.



What a long list! Yes, but you may not use mosthef above keywords
in your programming lifetime!. Some programmers‘temen know that
some of the above keywords exist in BASIC sinceirtlpgogram
demands do not necessitate their use.

The above list of keywords simply shows you that3@ is a very rich
language in terms of programming tools. Gettingugaed in BASIC
will help you a lot in studying other object oriedtversions BASIC
such as Visual Basic.

Some of the reserved words as seen above appear miode than one
programming task. In the subsequent units, yoused the use of some
of the commonly used keywords in some examples.

4.0 CONCLUSION

This unit has introduced you to the two common $ypkvariables used
in BASIC programming, namely:

Numeric Variable
String Variable
The unit also shows you the various types of chiaracgenerally



employed in BASIC. As in natural language and imeotprogramming
languages, there are specific meanings to keywiar@8ASIC and the
unit has provided you a very extensive list of resd words used in
BASIC.

5.0 SUMMARY

BASIC language is still today a good language wshwide range of
programming tools for the development of a wide genof
applications. It's basic knowledge is very esseritia programmers
who want to quickly understand for example othejecib oriented
versions of BASIC such as Visual Basic, KBASIC,. etc

What you have learnt in this unit on BASIC will lEnployed in
various examples you will come across in subsequerts on the
language in this course.

6.0 TUTOR — MARKED ASSIGNMENTS

1. State four (4) types of variables including the typoes
commonly associated with BASIC programming.

2. Using the appropriate symbols, write the follogvexpressions in
BASIC code:

(@) 4dac+6bCi B
3 2

(b) 4dac+6béi b
3 2

3. State three reserved words in BASIC that candeel under more
than one programming task.

7.0 REFERENCES/FURTHER READINGS
Brightman, R. W. and Dimsdale, J. M; Using compsiiaran
Information Age, Delmar Publishers Inc; 1986
Microsoft Corporation, MS DOS Quick Basic Version,11992.
KBASIC Software Corporation, KBASIC Professionalititth, 2006
http://www.kbasic.com
http://www.freeprogranmmingresources.com
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1.0 INTRODUCTION

Having been introduced to the common types of et used in
BASIC and a summarized grouping of its reserveddaothis unit is
aimed at leading you gently into BASIC programmifigpe unit will
therefore introduce you to the most commonly usatésients you can
hardly do without in BASIC code.

As already learnt in the last unit, BASIC programghhas its peculiar
features. For example, you have learnt that a bi@iaame can be as
long as forty (40) characters in BASIC programmifdnat simply
suggests to you that BASIC Programming language itsaown
environment bounds. This unit will therefore alatraduce you to the
limits that characterize BASIC Programming envir@minbefore you
go into in-depth programming using the language.

2.0 OBJECTIVES

By the end of this unit, you should be able to:
Start up a BASIC programming environment.
Use the common statements in BASIC programming.code
State the environment limits that characterize BASI
programming.

3.0 MAIN CONTENT
3.1 Commonly Used Basic Statements
Before introducing you to the common statements BASIC

programming code, you need to see the programnmuaigonments for
the following commonly available versions of BASI@erpreter.



Microsoft Quick BASIC
Turbo Basic.

Microsoft QBASIC Interpreter
Below is the Quick BASIC Interpreter window enviroant:

Figure 1

The Quick BASIC program is a DOS program usuallipséd with
MS-DOS operating system. Thus the program is rgaalihilable on
any computer system running on fully installed M&®Version 5 for
example.

As you can see in the above figure, the Interprstex menu-driven
environment where you can type your BASIC code aund the
program immediately. With this version of BASIC aoogl
environment, you cannot compile your program into executable
form as you can do in Turbo Basic environment shbelow.

Turbo Basic Interpreter

The Turbo Basic Interpreter or Compiler environmsrds seen in the
following figure (as preizenud in Unit | of this Maic



Figure 2

As you can observe from the above figure, the enwitent is also
menu-driven but with available option to compiles thource program
into an EXEcutable file. This is shown in the négtire below:

Figure 3

The editing window changes to the window when yauraady to type
your BASIC source code:



Figure 4

Now, you will be introduced to the following vergmmon statements:
- REM Statement
Assignment or LET Statement
INPUT Statement
PRINT Statement
GOTO Statement
IF... THEN... ELSE Statement
END Statement.

Before you see the forms of the above BASIC statesndé is good to
state that a BASIC statement has the following ggdrierm:

Line Number(optional) statement

In other versions of BASIC like GW-BASIC, you musimber every
statement, but in MS-QUICKBASIC or Turbo Basic,dimumber is
optional. Line numbers are necessary when your rprogcontains
GOTO statement(s) or GOSUB statement(s). Now, tgetesl with
BASIC statements stated above.

REM Statement

The REM or REMark statement is simply a comment statemieat t
provides information about the program or any sfsegments to the
programmer. The REM statement provides no inforomatio the
computer itself and hence the statement is nevecwd&d during the
execution of the program.

For example, a REM statement may explain what aable name
represents or what program segment (or module). doemmple of a
REM statement is as follows:



10 REM This program finds the average of ‘two numbe

The above code has a REM statement broken intdies. In line 20,
the single quote character is used in place ofdékerved word REM.
You may have a REM statement without any commestttjucreate an
empty line within the code for good readability.uBhyou may have
REM statements that look like the following:

40 REM
50 REM****rsksrsrkrsk

Assignment or LET Statement

The assignment or what is also called the LET stat# is simply used
to assign values to variables. The general formasifollows:

line # (optional) LETvariable = expression
or
line # (optionalvariable = expression

whereline #represents LINE NUMBER.

In BASIC, the equality (=) sign is the assignmemhbol. In the above
general format, the expression on the right hade san be any of the
following:

A constant

An Arithmetic formula

A variable.
As you can see in the above general format, somsoves of BASIC
(such as MS-Quick BASIC and Turbo Basic) do notunex the
reserved word LET in an assignment statement. Hiengeptional.
Examples of assignment statements are as follows:

10 X =25 B$ = "NOUN"
20 Y=X"2 + 3*X-4

30 N$ =B$

40T=Y

SELF ASSESSMENT EXERCISE |

Identify the types of the "expression” in the abagsignment
statements.



Answer

Line 10:
25 - Numeric constant
"NOUN" - String constant.
Line 20: X" 2+3*X —4 -Aformula
Line 30: B$ - String variable
Line 40: Y - Numeric variable.

For your observation, line 10 has two statementakioed into one
line by using the colon (:) symbol as already idtroed to you in the
last Unit.

INPUT Statement

When a computer program is designed to run mangsjraach time
working with different input data, an INPUT statarhés necessary in
the code. In using INPUT statement, a single statercan be used
for multiple variables in place of multiple INPUTtagements.
Examples of INPUT statements are as follows:

10 INPUT X1: INPUT A$
20 INPUT X2, X3, B4
30 INPUT "SCORE =", EX

In line 30, a string constant is used in the stat@nto help the
program user see on the screen an information aheutalue to be
entered for variable "EX". That is, when line 3CGisecuted, you will
see something like the following on the screen.

SCORE =?

The question mark (?) simply indicates that thegpam is requesting
for an input from the keyboard.

PRINT Statement

Very central to the output phase of any BASIC paogis the PRINT
statement. This is used to display the resultsoofiputer processing.
To send an output to a printer, you use LPRINTeadtof the PRINT
statement.

The general format is as follows:

Line # (optional) PRINTexpression.
The expression in the above statement can takietimeof the



following:

Variables

Arithmetic expressions

Literals

Combination of the above three types.

By a literal, we mean an expression that consisédphabetic, numeric
or special characters.
Examples of PRINT statements are as follows:

10 PRINT X : PRINT

20 PRINTA,B

30 ?C;D

40 PRINT “VALUE=", V

50 PRINT3*A—B

60 PRINT T$

70  PRINT "THE SOLUTION IS"
80 LPRINTW

In line 10, the second PRINT statement prints aptgrine. This is

necessary to provide a good space between outyast lin line 30, the
guestion mark (?) is used in place of the resewedd PRINT. In

QuickBasic, the symbol is automatically changedh® word PRINT
when you move out of the line to the next. Wheme 189 is executed,
the value of the numeric variable W is sent togheter.

Now, you will observe that semicolon (;) is used the PRINT

statement instead of the comma (,) symbol. Thesectvaracters give
different formats to the result output of a PRIN&tement. Assuming
that the values of A,B,C and D are as follows: 2,8 =1,C=23,D
= 0. When line 20 is executed, you will have arpautike this:

2 1
while the execution of line 30 will appear likeghi
230

You will observe that the values of C and D areted immediately
after the other while the values of A and B ara@ted with spaces
between them, specifically, there will be 14 spabeswveen them.
Generally, BASIC divides your output screen intoawlare called
PRINT ZONES. There are five (5) of them, the fetdrting at column
1, the second at 15, the third at 29, the fourtd3tthe fifth at 57.
Using semicolon in your PRINT statement is a wayiofng enough



space between the printed values. However, a nmexéle way to
format your output is to use the TAB function whighl be introduced
to you in the next unit.

GOTO Statement

Very often, when you use an IF ... THEN statemeni condition
causes the computer to execute the next line of IBAS®de whit?
another condition requires it to execute some cmieewhere else if
the program. Therefore, in order to move or bratwlhe code that
doesn't follow the IF... THEN statement, you needuaconditional
branch statement, which is the GOTO statement. Tinedins that,
every time the computer encounters a GOTO statentdmtanches to
the specified program line irrespective of any ¢od in the program.
As you will remember, you have learnt in this ceutbat structured
programming discourages GOTO statements.

Now, an example of GOTO statement is seen in thewong code:
10 CLS:INPUTA
20 IFA<3THEN GOTO 40

30 ? : PRINT
40 END

IF ... THEN... ELSE Statement
This statement works just like IF ... THEN stateingsed in the above
BASIC code, except that the ELSE part is executéle condition is

not satisfied.

An example is as follows:

10 CLS

20 INPUT X

30 IF X>0 THEN PRINT "POSITIVE" ELSE? X
40 END

In the above code CLS statement simply clearsdfrees.
END Statement

Every program has a terminal point. In BASIC, thE[E statement
signifies the end of the program as used in thev@lmmediate two
BASIC codes. Since line numbers are optional in esoBASIC
versions, therefore an END statement can appeawtsrg in the
BASIC program where the program logically ends. SoBasic
versions don't even require an END statement, aacuickBASIC.



SELF ASSESSMENT EXERCISE 2

Study the following flowchart and provide the ecalent BASIC code:

Answer

The BASIC code is as follows:
10 INPUT A,B
20 C=2*(A+B))/2
30 LPRINTC
40 END.

Now, you will be introduced to the BASIC Programmienvironment
limits.

3.2 BASIC Programming Environment Limits

Below are the programming environment limits theg¢ allowed in
BASIC. They are simply the minimum and maximum eslwor sizes
for the following:

Names
Strings
Numbers
Arrays
Procedures
Files



Name, String and Numbers

The knowledge of the above limits is very esserdislyou develop
programs using the BASIC language. Some of the BA8érsions

mentioned in Unit 1 of this module might have theits a bit varied
from the above. You will now round up this unit.



4.0 CONCLUSION

In this unit, you have been introduced to the comstatements you are
going to frequently use in BASIC programming. Th@stncommon
BASIC Interpreters today are the Microsoft QuickiBaand Turbo
BASIC Interpreters with the latter having a menaility to compile
your BASIC code into an executable file. Remembet tin Unit 1
Module 2, you were introduced to many other versiai BASIC
Interpreters and Compilers.

The Unit has introduced to you the various limitattcharacterize the
BASIC programming environment.

5.0 SUMMARY

The unit having shown you some common statement8ASIC

programming, you are now ready to get started \pribgramming in
BASIC language. You were equally introduced to fgiregramming
environments of the most two common BASIC Intergrgtnamely, the
MS-QUICKBASIC and the Turbo BASIC interpreters.

As you have learnt in this unit, there are sam@ammming limits in
BASIC associated with the following:

Names
Strings
Numbers
Arrays
Procedures
Files

Knowledge of these limits is very essential for ysuccessful running
of your BASIC programs. In the next unit, you wile introduced to
more BASIC statements that are not covered inuhis

6.0 TUTOR-MARKED ASSIGNMENTS
1. Study the following flowchart and write the cesponding
BASIC code.



2. (a) Give the 1 — character alternatives you can
use in place of
the following statements.
(b)When is GOTO statement needed in BASIC
programming,?
3. What do you observe from the programming envirortmen
limits for Single and Double Precision Numbers?

7.0 REFERENCES/FURTHER READINGS
Borland International Inc., Turbo Basic Version,11987.

Brightman, R.W. and Dimsdate, J.M., Using Compuitean
Information Age, Delmar Publishers Inc., 1986.

Mandell, S.L., Computers and Data Processing Waislishing
Company, 1985.

Microsoft Corporation, MS-QUICKBASIC 1.1, 1992.
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1.0 INTRODUCTION

In the previous two units, you have been introduoedow to get started
with BASIC programming. Definitely, as you have iseender the
reserved words in BASIC, there is so much to leabout BASIC
statements that cannot be covered in this counse giou are expected
to learn some fundamental concepts in other prognam languages as
well.

In this unit, you will therefore be introduced tonse additional BASIC
statements that are frequently encountered, whitp@ number of
other BASIC statements would definitely be studigd/ou as you make
progress in your computer programming courses oryas are

confronted with programming problems that mightuieg their use. If

you remember what you learnt under Structured Rragring, there are
basically three types of structures, namely, secgielselection and
looping structures. As you will observe, the fisb types of structures
have been encountered in the last unit in the tserme of the BASIC
statements. For example, IF... THEN... ELSE stat¢ntkescribes a
selection structure while the sequence structunehisrent in almost all
programming statements.

Now in this unit, you will be introduced to BASIGasements that
describe looping structures. However, in the preadsntroducing one
particular BASIC statement, attempt would be mawalso introduce
you to more statements in order to cover a goodhbeunof BASIC
statements. The first part of this unit will fist all show you additional
method of entering data into BASIC programs.

2.0 OBJECTIVES

By the end of this unit, you will be able to:



Explain the different methods of entering data B&SIC
programs by using different types of BASIC statetsen

Use additional BASIC statements not covered indseunit.
Write a BASIC code that performs a repetition, othise called
looping.

3.0 MAIN CONTENT
3.1 Data Entry Statements

In BASIC, there are three commonly used methodsnééring data into
BASIC programs. The three methods use the followB4SIC
statements:

INPUT Statement
LET or Assignment Statement
READ/DATA Statement.

Good enough, you have been introduced to the twst types of
statements in the last unit. You will thereforetaaght in this unit the
use of the READ/DATA statement as another way ¢émemg data into
your BASIC program. Before then, see below the garguidelines on
using the three statements given above.

Use the LET or Assignment statement when the datzetused
by your program are constant. Moreover, the LETestant is
often used to assign a starting value to a varjahleh as zero.
This is normally called an INITIALIZATION. Remembehat,
you can simply state your assignment without thé& kEyword.
Use the INPUT statement when a Question-and-Ansmgete is
required by your program. This is the method yao alse when
input data are likely to change frequently.

Use READ/DATA statement when you are to enter mdata
values. This is the same method you use when egtéadta into
arrays.

READ and DATA Statements

The READ and DATA statements always work togetherduse values

contained in the DATA statements are usually agglgo variables
listed in the READ statements. The general forroattie READ and
DATA statements is as follows:

Line # READvariable list
Line # DATA data list



A DATA statement can have one or several data itentseach of the
data is known as Bata ElementDATA statements are not executed but
only provide information to the program. Becausehis, you can place
a DATA statement anywhere in a program with theresponding
READ statement.

Now examples of READ/DATA statements are as follows

10 READ B, C, D$
20 READ X, Y

60 DATA 20, 40.2, "DAY"
70 DATA 60, 32.

Generally, the READ statement tells the computesetarch through the
BASIC program to locate the first DATA statemenheTcomputer then
assigns your data values consecutively to the bigsain the READ

statement. You will therefore see the reason whytlird value in line

60 in the above code is a string constant, bectnies¢hird variable in

line 10 is a string variable.

BASIC maintains what is calledata Pointer.The pointer simply keeps
track of the next data element to be read. ThasREAD statement is
attempted after the data list has been exhaustatessage is going to
alert you that the end of the data list has beached. The BASIC
Interpreter or Compiler takes all the data itemsaih the DATA
statements and forms one combined data list, omglethe DATA
statements from lowest line number to the highest then using the
data from left to right.

Now, though you have already been told that DATAteshents may
appear anywhere in a program, however it is a comprogramming
practice to group them together either at the beggor the end of a
program. Such a practice makes program debuggsigrea

Look at the following code:

10 CLS

20 READ DS, ER, B$

30  PRINT TAB (2); DS; TAB (4); ER; TAB (8); B$
40  DATA 23,455, BIRTH =

50 END



Do you notice any error(s) in the above code? Tiere any error at
all. The interesting thing about DATA statementthst it is the only
place where character strings do not have to bdossd within
guotation marks as used in line 40 above for thiagstvariable (B$)
value.

In the above code, attempt has been deliberatetiert@mintroduce you
to the TAB function which is normally used with PRI statement to
provide flexibility in your output format. The gera format for the
TAB function statement is as follows:

TAB (expression)
where the expression in the parentheses may bemerituconstant,
numeric variable or arithmetic expression, to thlé computer the
column at which printing is to start. For examplethe above code, the
computer is to tab to column 2 before printing ¥h&ie for variable DS.
The semi colon after the TAB function simply instisithe computer to
start printing at the next column, i.e. column 3.

SELF ASSESSMENT EXERCISE 1

What happens if comma (,) is used in place of selmic(;) after the
TAB function?

Answer

The printing will be done in the pre-defined Piimnes, ignoring the
columns specified in the TAB function expression.

3.2 Using Loops in BASIC

There are programmable problems that require exgculf the same
instructions a number of times. For example, a@aprogram requires
calculation of some pay values repeatedly for exanployee until the
employee list is exhausted. The BASIC statement&xecute such
repetitions are the FOR and NEXT statements.

The general format for the statements are as fatlow

line # (optional) FORoop variable initial valueT O terminal valueSTEPstep value

# (optional) NEXTloop variable.

In the above general format, the loop variablalso called the INDEX
variable. The STEP statement is optional but olgessary when step



value is different from the default valdeAs you have already learnt in
unit 5, the step size can indicate increment oretaent.
An example of FOR ... NEXT statement is seen below:

10  PRINT
20 FORX=1TO3STEPO0.5
30 Y=SQR(X)

40 W =INT (X)

50 PRINTY, W

60  NEXT X

70 END

The output of the above program is as follows @€uickBASIC
Interpreter):

1 1 1

15 1.224745 1
2 1.414214 2
2.5 1.581139 2
3 1.732051 3

Again, the above program has included two BASIG&ifp functions:

SQR — Square Root Function
INT — Integer Function

where the Integer function returns the numberig @n integer or the
next lower integer, if otherwise.

SELF ASSESSMENT EXERCISE 2
What other expression can you use in place of Qe finction?

Answer
SQR(X)=X~"0.5

Nested FOR and NEXT Statements

There are cases when you can have nested loopsisThak of one loop
can be within another loop. See an example below:

10 FOR1=1TO4

20 FORJ=1TO9
30 PRINT I; J
40 NEXT J



50 NEXT 1

As you can observe above, it is customary to indeatinner loop to
enhance readability. In the nested FOR and N F fdfesients as you
have in the above example, always be careful oitothe FOR from

one loop with the NEXT from another. In other wqgrdse loop must be
completely inside another. In the above examplelth@op is the Inner
Loop which is completely inside the | loop whichihe Out Loop.

It is interesting for you to also know here thatREQO NEXT loops
equally help you to enter successive data itengsargrogram instead of
using the INPUT statements.

Now, below are very essential rules you should ralbvex when using
FOR... NEXT loops.

i)  -The initial value must be less than or equal ®términal value
when using a positive step value, i.e. when implgimg an
increment.

i) When implementing a decrement, i.e. when the sw@pevis
negative, the initial value must be greater tharequal to the
terminal value.

iii)  The step value should never be o, since this wiaddlt in an
endless loop.

iv)  Transfer can be made from one statement to anethibm a
loop. However, you cannot make a transfer from adestent
within a loop to the FOR statement.

V) The value of the index (or loop) variable should @ modified
by program statements within the loop.

vi)  The initial, terminal and step expressions can hdavup of any
numeric variable, constant or arithmetic expresgmriormula).

vii) Each FOR statement must have an associated NEX€hstat.

viii) FOR and NEXT loops can be nested. However tREXT
statement of the inner loop must precede the NEdiesent of
the outer loop.

SELF ASSESSMENT EXERCISE 3
What are the two basic steps taken by the computen it encounters
a FOR statement?

Answer

These are steps:
It sets the index variable to the initial value gfied.
The first time the FOR... NEXT loop is executede tROR
statement tests to see if the index variable vaieeeds the



specified terminal value. If the value does not emxt the
terminal value, the statements in the loop are weec
Otherwise control is transferred to the statemelfibwing the
NEXT statement.

Using FOR.. .NEXT Statements in Arrays

It is usually valuable to be able to store manygalunder the same
variable name. Though these data values are not¢dsio the same
memory locations, but they have the same identifseich variable are
calledSubscripted Variable®ut more precisely, a set of variables with
the same name and different subscripts is callcARRAY .

By the above definition, it then means that simpiriables are
Unsubscripted Variables.

Usually, the BASIC interpreter or compiler is demd to assume that
an array will have no more than ten (10) or eley&h) elements or
subscripts (depending on the BASIC version). Buyireagrammer can
specify the number of elements in an array for Wwhieemory space
must be reserved, if he needs more than 10. Youadhis by using the
DIM statement or the DIMension statement, with ¢femeral format as
follows:

Line #DIM variable I (limit 1), variable 2(limit 2), variable 3 (limit 3),

The variables are the array names while each igrdh integer constant
that represents the maximum number of memory logatiequired for a
particular array. You don't actually require a Dfthtement for arrays
of ten or fewer elements.

As a programming rule, DIM statements must appeas iprogram
before the first reference to the arrays they dlescrand as a good
practice, you should place the DIM statements atbidginning of your
program.

SELF ASSESSMENT EXERCISE 4

What is the flowchart symbol appropriate for thévDdtatement?

Answer

The symbol is the Preparation Symbol:



Examples of DIM statements are as follows:

10  DIM A(50), B(2)
20  DIM D$(3), PR(K)
30 DIMITEMS (J+K).

As you can see above, the subscript of an arragharcan be:
a Number
a Numeric variable
c
an Arithmetic expression.

Now, back to FOR and NEXT statements. They cambeffecient
method of reading data into an array. Look at tlewing example:

10 FORT=1TO9 STEP 2

20 Y (M) T+3
30 Y (T+1) T*3
40  NEXT

From the above code, you have the following resaflfgrocessing:

T is assigned the value of 1 at the beginning.

(T +3)or4isstoredinY (1) while (T * 3) ori8stored in Y (2)
Then T is stepped to 3 and (3+3) or 6 is stored (8) and (3* 3)
or 9is storedin Y (4).

The above process continues until T = 9.

Before rounding up this unit, look again at thddaing example:

10  DIM N$ (20)
20 FORJ=1TO3

30 READ P(J)
40 N$(J) = "PRICE"
50 PRINT N$(J); J, P(J)

60 NEXT J : GOSUB 200
70 DATA 2.23,4.5,6.3
80 END



200 REM Below is a SUBROUTINE
210 PRINT "PRICES INSUFFICIENT"
220 PRINT

230 RETURN.

The output of the above program is as follows:

PRICE 1 2.23
PRICE 2 4.5
PRICE 3 6.3
PRICE INSUFFICIENT

In the above program code, you have been introdagach to another
statement, namely, the GOSUB statement which geaial case of the
GOTO statement. The GOSUB statement is specificelgd to transfer
control to a program SUBROUTINE, which is a block ande that
performs one task each time it is executed. Whem gwide your
BASIC program into sections such as subroutines,are using a form
of structured programming which you already knovealed Modular
Programming. Usually, you end a subroutine with &TRERN
statement while it is a good custom to begin yalorgutine block with
a REM statement as seen in the above code.

You will now round up this unit.
4.0 CONCLUSION

In this unit, you have been taken through addili@®SIC statements
such as:

READ/DATA statements

FOR.. .NEXT statements

DIM statements.
GOSUB...RETURN statements
Some library function statements.

The unit has explored different ways of using sahthe statements to
enter data into your program apart from the INPWd@ the assignment
statements treated in the previous unit.

Specifically, this unit has also introduced youhow to implement
loops by using the FOR.. .NEXT statements with dseociated rules
when using the statements.



5.0 SUMMARY

This unit, apart from introducing you to more BAS#tatements has
equally treated the fundamental concept of an ARRa#d how it is

treated in BASIC. Though the examples shown focusaithly on One-

Dimensional arrays, you can equally encounter Twodhsional

arrays such as matrices in your programming assgtsn Two-

Dimensional arrays are simply represented as faliow

AU, .1) - for numeric variables.
B$(K,S) -  for string variables.

You have already learnt in this unit that the DItdtement is normally
used to specify the number of array elements. Thi¢ las also
introduced you to the GOSUB statement which is ecigph case of
GOTO statement.

With this unit, being the third unit dedicated t&8IC programming,
you can now get started with BASIC programming peois while the
table of reserved words in unit 6 will help youdevelop yourself in
BASIC programming beyond what you have coveredthis ¢ourse.

6.0 TUTOR-MARKED ASSIGNMENTS

1. State the various types of BASIC statementscgpuuse to enter
data into your program.

2. State an important rule to be followed when gsiasted loops in
BASIC.
3. Identify the error(s) in the following program:
10  PRINT
200 FORI=1TO 4 STEP -2
30 PRINT 2 *1
40 FORJ=I1TO5
50 PRINT J
60 NEXT |
70  NEXTJ
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1.0 INTRODUCTION

In this unit, you are going to be introduced to foedamentals of
Fortran language. Fortran, as you will remembeansacronym for
FORmula TRANslator which was developed by John Backnd his
team between 1953 and 1957. Since the appearaiisefiodt compiler
in 1957, Fortran has undergone various revisiorislksvs:

Fortran Il - in 1958
Fortran IV - in 1962
Fortran 66- in 1966
Fortran 77 - in 1978
Fortran 90/95 - in the 90s.

Fortran is the first High-Level Language which wakesigned
principally for scientific and engineering enviroants. In order to
favourably compete with other programming languagbih are well
structured, an ANSI committee was inaugurated B01® formulate a
new standard for Fortran., This led to the Fortg&nversion which
incorporates all of Fortran 77 features and can paien well with
structured languages such as Pascal and C++. Howpkesently,
Fortran 90 compiler is still uneasy to come by au the most
commonly used compilers are still for Fortran 77.

To start with, this unit will give you a snapshdt Fortran language
features, especially, some rules guiding its pnogreoding before

introducing you to descriptions of variables anastants in Fortran.
Your study objectives are as follows:

2.0 OBJECTIVES

By the end of this unit, you will be able to:



Describe the basic rules guiding the coding of freorprograms.
Distinguish between the various types of variabled constants
in Fortran.

3.0 MAIN CONTENT
3.1 Getting Started with Fortran Programming

Later in this course, you will be introduced to sofew features of
Fortran 90, but meanwhile, unless otherwise statext of the features
you will be going through below are Fortran 77 addpHowever, just
as you have been told of various versions that &iBASIC language
interpreters, the same applies to Fortran compilers

Below are some available compilers for Fortranafglage:

Microsoft Fortran 77

FORTE — Fortran Environment

Fortransoft

ProFortran

WATFOR 77— Interpretive Fortran Version.

Each line of Fortran code can be typed using anZIAgext) editor
such as Microsoft Notepad editor. However, the chades must be
entered according to the following rules:

Column 1: Used for comment line by entering le@g(or
symbol * for some compilers).

Columns 2-5: Statement number or label.

Column 6: Blank or character for continuation line
(e.g. +, $, depending on your compiler).

Columns 7-72: Fortran statement s.

Columns 73 — 80: Optional sequence number.

It is good to state here that Fortran 90 allows fim@m source coding,
that is, there is no restriction on where Fortréatesnents are to be
located as specified in the above Fortran 77 ruMsreover, a

comment can be placed at the end of a statementidpb an

exclamation mark (!) precedes the comment.

Before you get introduced to the Fortran variakled constants, below
are the common characters recognized by Fortrayukage:

The 26 letters: A — Z (upper or lower cases).
The 10 digits: 0 — 9
The 12 symbols: =+-*/(),.$"



The Blank character.

Remember that the above list depends orFtitran compilers. You
can also see immediately below the operatanployedby Fortran.

Fortran Operators

The Fortran operators are classified as follows:
Arithmetic Operators
Relational Operators

Logical Operators.

Arithmetic Operators

+ - Addition

- - Subtraction

* - Multiplication
/ - Division
- Exponentiation
= - Assignment.

Relational Operators

(Please, take note of the dots (.) before and #feetwo characters)

LT. - Less than (<)

LE. - Less than or equal to (=)
.GE. - Greater than or equal to (=)
.GT. Greater than (>)

EQ. - Equal to (=)

.NE. - Not equal to (?).

Logical Operators

AND. AND (U)
OR. OR ()
NOT. NOT )

3.2 Fortran Variables and Constants

You will start with the variables since a great Ideé flexibility is
gained when you allow a quantity to be referredbyoa name rather
than a constant value. Generally, the major aim of any otation is
to find unknown values from known ones.

Just as in any other programming languages, vasaibl Fortran can



be given names consisting of several alphanuméacacters, but for

most compilers of Fortran 77, the number of chargotan be as many
as six, the first being a letter as in BASIC lamgpialin Fortran, there

are several types of variables as follows:

REAL

NTEGER

OUBLE PRECISION
OGICAL

COMPLEX
CHARACTER

Among all the types of Fortran variables, the neashmon two are the
REAL and INTEGER types. A very peculiar charactarisf Fortran

Is that it assumes that the type of a variableniglied by its spelling.
The integer and real variables are identified #eWs:

REAL : Al, X2, B8, DAY, ...
INTEGER : JOS, 12, K4, MONEY, ...

Precisely, an INTEGER variable starts with anyhs tharacters |, J,
K, L, M, N while REAL variable begins with any otheharacter
outside I - N (i.,e.A—Hand O — 2)

For example, the following are not valid variabbemes in Fortran

4AB It begins with a number (4)
BX.5 It contains an illegal character (.)
C$ It contains an illegal character ($).

The above method of specifying variable types irtraa is one of the
rigid rules you find in Fortran. Care should alwdgstaken in handling
variables in Fortran especially in assignment statdgs. Mixing of

different types of variables in the same expressicem easily lead to
errors without conversion functions.

Though Fortran assumes the type of a variable $yfinst letter, it
however gives you the opportunity to change thesyoreed type by
using declaration statements such as follows:

INTEGER X, Y, ZERO
REAL 12, JOS, NUM.

By default, variable name ZERO for example, is @ xariable since it
starts with Z, but with the above declaration steet, ZERO will be
treated as an integer variable in the statemente®wing such



declaration. As a common practice, DECLARATION staénts are
usually given at the beginning of your program befdhe first
references to the names defined in the declarataaements.

In case you intend to have mixed-type expressithad,is expressions
containing different types of variables, you widted to use the Fortran
Intrinsic functions such as REAL and NT for realdamteger
expressions respectively.

See the following examples:

B = (3/5) * (F — 32)
NUM = R *J/3

The above two Fortran assignment statements Wikhitely give you
errors when executed. The errors can be corresteden in the
modified expressions below:

B = (10/5.0) * (F— 32.0)
NUM = INT 9R'REAL (J)/3.0).

From what you can see above, it is always advidablse decimal
points in real numbers to avoid mixed-type errors.

SELF ASSESSMENT EXERCISE 1

Explain the roles of the REAL and NT functions usethe second
Fortran statement above.

Answer

The variable NUM is an integer variable name araddfore represents
a memory location to be occupied by an integer ezaltherefore, the
expression on the right hand side should be coelgleif an integer

type.

By writing: .
R REAL (J)/3.0

the expression becomes of type real. Finally, hyivg:
INT (R * REAL (J)/3.0)
the expression on the right hand side can now beyraed to NUM,

which is an integer. Another way of carrying out tonversion on the
right hand side is by writing the whole assignmentollows:



NUM = INT(R)* J/3

This last form of expression is simpler and may gild the same
result like the other one but INT function i auncator.

You will now be introduced to the Fortran constanisist as in
variables, the most commonly used constants irr&o#dre the real and
integer constants.

An Integer Constantis a positive, negative or zero whole number
without a decimal point or commas. Therefore, FBortassumes your
number having no decimal point as an integer. Exesnpre 4, 32,
6932, ...

A Real Constanbn the other hand is a positive, negative or zero
number with a decimal point. You can express reaktants in

Scientific Notation — e.g. 2.304E-3, 3.42E+3
Double Precision Notation — e.g. 2.304D-3, 3.42D+3.

Just as there are several types of variables dpart the real and
integer variables, there are also other constditwed in Fortran in
addition to the real and integer constants. Fomgte, in Fortran, you
also have the following types of constants (toreated later in other
units):

Complex Constants
Logical Constants
String Constants.

SELF ASSESSMENT EXERCISE 2

Identify the error(s) in each of the following,ahy, and attempt
correcting them:

i.  Fortran Variables: $AB, 62A, BB4, X4+2
ii. Assignments:

a. A=X¥2+4+ 732

b. MAX3=J4—K2

c. NAT=I"2+45%*]

Answers
I Variables: The variable names SAB and 62A arteHootran
valid variable names while X4+2 is containing aei@por.
. Assignments:
a. A=X*2+REAL (J) **2



b. No any error
c. NAT =TNT (REAL (I) **2 I- 4.5 * REAL (J).

4.0 CONCLUSION

In this unit, you have been taken through the fumelaal rules guiding
Fortran programming and coding. As you have learrhis unit there
are some rules to be followed while coding your tfor source
programs. For example, column 1 is specially re=rior character
"C" to enteryour comment. This is analogous to using REM inSBa
language. Your Fortran statements are to be enbe®deen columns 7
and 72. However, the column rules that exist intféor 77 are rather
non-existent in the Fortran 90 version whose coenpd not yet widely
available.

This unit has equally shown you the types of vdesland constants
employed by Fortran. While emphasis has been laidth®e most
commonly used types, that is, the real and intégeses, you will be
introduced to the other types later in the course.

5.0 SUMMARY

As you have learnt in this unit, Fortran is veryafuo assume the type
of your variable by the first letter of the variabEvery variable name
that starts with I, J, K, L, M and N is assumedé&an integer unless
you change the presumed type by using the dedaratatement
keyword REAL or its form of intrinsic function. Stang a variable

name with other letters is assumed that the varisleal by Fortran.

Remember that the unit also introduced you to ¥iped of operators
used in Fortran language programming. These operaiitl be used in

some examples in the subsequent units. With allyitha have learnt in

this unit, you are now ready to start using somete statements in the
next unit.

6.0 TUTOR-MARKED ASSIGNMENTS

1. From what you have learnt about Fortran 77 isuhit, state the
two main areas of strict compliance with Fortralesu............

2. State types of variables and constants availaldf@rtran
PrOgrammMiNg ....ccoeeeeruriiiieeeeeeeeeeesssmmmmmm e eeeeeeenrnnnneeeeeeeeeeens
3. Rewrite the following expressions to correct thees.

(a) J2=K*2.0+3*M4
(b) REJU =1 - 4*B**3
(c) NAME =J/3+4*R.
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1.0 INTRODUCTION

In this unit, you are going to be introduced to twmmon reserved
words or keywords available in most Fortran compilduring your
study of the BASIC language, you have seen the nébkdving a good
knowledge of a language's keywords since they geogommands to
the compiler of the language. The keywords or reskrwords also
provide the tools needed to solve your programmpaiadblems.

Library functions are very essential in most prognang problems
since they are the same as quick methods of priageasnumber of
program statements in a single statement. In thi§ you are also
going to be introduced to Fortran library functions

A very simple program statement characterized bypk data entry
and output of processing will also be introducedhis unit using the
common Fortran statements acceptable by most cerapil

2.0 OBJECTIVES

By the end of this unit, you should be able to:

: Identify Fortran reserved words and library funotitames.
Discover the differences in some Fortran keywordstaeir
BASIC language counterparts.

Write simple Fortran programs using the READ andITiR
statements.
Describe the various types of specifications usdedRMAT
statements.



3.0MAIN CONTENT
3.1Fortran ReservedWords and Library Functions

The Fortran reserved words are listed below wighgeneral format of
using them, as supported by most Fortran compilers.



Below, you are also introduced to the Fortran Genéntrinsic

functions with their meanings, caution should destain using Fortran
library functions since specific names are giventhe functions
according to the type of value expected from prsicgs that is,
whether real, integer, complex or double precisialue.

Now, study the table below:






In the above table, the fourth column is to guide pn what data type
to expect when any of the intrinsic functions isleated on different
types of arguments. For example, "C ? R" shows thatfunction
CABS" produces a real number, taking a complexesgon or value as
the argument. Some of the above functions will Is@duin some
examples in this course.

Now, get started with learning the most frequentgd Fortran
Statements in the next section.

3.2Using READ, WRITE and FORMAT Statements

One of the most common and simple statements igr@noming is one
that directs you to enter some few data into theg@m to see some
results of processing an assignment statement.ybliswill see below,
using the READ and WRITE statements which are twr&n standard
INPUT and OUTPUT statements. You can also use tRENTP
ATiement in place of the WRITE statement.

Now, for, accepting data during the execution pf@gram, Fortran
employs the READ statement in a list directed fasrfollows:

READ * [, list]

Please, you should remember that the square bsaeketnot part of
Fortran but simply denote an optional item. Thathe comma and the
list are optional.

For example. the following statement:

READ*, X, Y, Z
causes the computer to request for real value uhgats from the
keyboard, that is, thETANDARD INPUT DEVICERemember that X,

Y. 7 are assumed to represent real numbers by adrorto, when
entering the values, they must contain decimaltpoin



Another wayof using the READ statement is as folloy
READ(*, *) [, list]

This form of READ statement requests for input destafrom the
keyboard, giving you no specified data format. Arengeneral form o
this variant of READ statement is as follo

READ (unit, O <list>

where 'unit' identifies the INPUT device from whitiie data list is t
be read. The parameter f" indicates format desoripwvhich is usually
a number that locates the FORMAT statement to leel.u§he 'unit
parameter is also a numbe¢pecified in an OPEN statement where
path and the name of the input data file is spetifBefore you se
some examples, see the general forms of WRITE ¢dNPRtatement:
also below:

WRITE (unit,f) <list>
WRITE (*,*) [,list]
PRINT*, <list>.

In the above forms of output statements, the rapeter denotes tt
STANDARD OUTPUT DEVIClthat is, the MONITOR. This is whe
‘unit' = *" in the WRITE statemel

Now, look at the following example as shown in the figures below
using the WATFORY interpretive environment. The WATFOR 77 a
like an Interpreter and helps you to receive immaediesults o
executing your Fortran progra

Figure 1

By typing 'run' or 'RUN' at the command mpt, the program gives yc
an input prompt of blinking asor to enter your data. In the abc



program, two real values are requested whose susgures is to k
assigned to Z. Entering:

X = 12.4
Y = 45.7¢
the result yields Z = 2249.5680(

Figure 2

Below, you will now see the use of FORMAT statemwhich is
usually used to add flexibility to READ and WRIT&®ment:
See this in the Fortran program code below, usiegVATFOR 77
program editor and interpret

Figure 3



In the above program, There are three output s&tmthe first prints
the string:

“*** SOLUTION BELOW***'

The second prints an empty line while the thirchisrithe values of X,
Y andZ, using a FORMAT statement in line number 2. The FGRM
statement directs the computer to print 1 blankcegdaefore printing
the first real or what is also called Floating Romumber X. The
number should be of length 5 and 2 decimal platésially the
decimal point is part of the length. The speciimatis given by
"F5.2".

You will observe that even though the value of Xrémd into the
program as 12.4, but it is finally printed as 12td@bey the FORMAT
statement specification. You will also see thautftothe value of Y is
read in as 45.78, it is finally printed as 45.8dese of the specification
"F5.1" in the FORMAT statement. The value of Yasbie printed after
2 blank spaces as specified by 2X in the statement.

Below is the general format for the FORMAT spead@ifion for each of
the variable types allowed in Fortran:

i) kim: for Integers, where k specifies the numbeintéger fields,
each occupying m spaces.

ii) KFL.j : for floating point or real numbers, whereecifies how
many real numbers in | space each with j decinadgs.

ICELj: for k real numbers in scientific notatioadh of length 1

and j decimal places.

iv) kDL.j: for k Double Precision numbers, each of l#ngj and |
decimal places.

V) kAw: for k characters of length w.

Vi) nZd: for n consecutive items in a hexadecimal sgstach with

field length d

vii) nOd: for n consecutive items in an Octal systerohewth
field length d.

viii) Lw: for logical value of field length w.

SELF ASSESSMENT EXERCISE 1

State the Fortran equivalent keyword or symbotferfollow BASIC
language keywords and symbols:

i. REM

i INPUT



ii.  SOQR (iv) » (v) PRINT

Answers

i) C — in the first column
i) READ

i) SQRT

iV) *%

) PRINT or WRITE.
Look at the following example before you round his wnit.

INTEGER A, B
C Program To Calculate Average of Two Numbers
READ *, A, B
MEAN = (A +B)/2
WRITE (*,*)
PRINT 5, A,B, MEAN
5 FORMAT (11Cl2,13,14)
END.

The above program converts A and B into integeratdes from their
presumed real type. Here you see that the PRIN&mstnt is used with
the FORMAT statement with line label 5. In the FORMstatement,
A is to be printed as an integer of length 2, Beoigth 3 and MEAN of
length 4. To take care of the length specificatibartran adds blank
spaces behind the values to make up for the nuoflsgraces.

You will now round up this unit after this exerciselow:
SELF ASSESSMENT EXERCISE 2

Rewrite the FORMAT statement in the above progriaf) B and
MEAN are to be of the same length 4 when printed.

Answer
5 FORMAT (IX, 314).

This is because there are 3 integers to be prietath of length 4.
4.0 CONCLUSION

In this unit, you have been introduced to the nesdmvords in Fortran
and the generic intrinsic functions. Just like B&3&hnguage, you need
to be acquainted with the Fortran keywords to ble &b use the rich
resources of its programming features.

And you have seen in the list of library functio®®rtran somehow



"discriminates” between the types of the functiaesording to their
data type. Like in variable names, the first letiéethe function name
specified the type of value you should expect wiging the function.
Fortran is very unique in its way of accepting ihgata and producing
the output of results. FORMAT statement is usualyployed in
conjunction with the READ and WRITE statements toovire
flexibility.

5.0 SUMMARY

In this unit, you have really got started with Fart programming with
the introduction to the reserved words and libréupctions. Get
acquainted with the common keywords to start witd gou will soon
discover that Fortran is not difficult to learn.

In the next unit, you will be introduced to additad Fortran keywords
as employed in some examples.

6.0 TUTOR-MARKED ASSIGNMENTS

1. State the differences between the followingraorreserved
words:
a. COMPLEX and CMPLX
b. INTEGER and INT
C. DOUBLE PRECISION and DBLE.
2. a. Classify the following functions into integeeal, complex
and double precision types:
i) DSIN ii) AMOD iii) IDIM iv) CABS
b. What are the meanings of the above functiorfa)n
3. Write a Fortran program that requests for thresd numbers from
the keyboard, subtracts 48 from their sum and theitdes the
result by 6 before sending the output to the screethe input
statement, let the program use the following speadibn for the
three numbers: length is 8, decimal places are H& dutput
should be unformatted.

7.0 REFERENCES/FURTHER READINGS

Fatunla, S.O., Fundamentals of Fortran Programmiibg\ + JANE
Press, 1993.

Monro, D.M, Fortran 77, Edward Arnold, 1987.
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1.0 INTRODUCTION

As you will remember under BASIC programming, thesea way of
executing repeatedly, a set of program instructidnst as BASIC has
its own form of statements to perform a loop operatFortran also has

special statements in handling loops in a program.

This unit will therefore introduce you to tiO ... CONTINUE
statements employed in Fortran for program loops.

The unit will also show you how to handle alteroatior selection in
Fortran through the use &F ... THEN ... ELSE statements. This will
therefore afford you the opportunity of seeing h@bational operators
are used in Fortran language. In the process afggthrough some
examples in this unit, you will be introduced torsoadditional Fortran

statements. Your study objectives for the uniteséollows.
2.0 OBJECTIVES

By the end of this unit, you should be able to:

* Use the DO statement to process simple prograpslo
Write Fortran programs using the IF ... THEN .. SH
statements.



Use some additional Fortran statements to solvessomple
problems.

3.0 MAIN CONTENT

3.1 The Fortran DO Loop

Before seeing the practical examples of using tl@ fatement in
Fortran, it is good to emphasize that the loopcstme helps to conserve
both space and time in program coding when a pnobilevolves

repeated execution of a number of program instrasti

In general, a loop segment can be divided intcetihmain sections as
follows:

the loop HEADER
the BODY of the loop.
the loop TERMINATOR.

The general form of the DO statement is as follows:
DO label [,]Jvariable = expression |, expression 2.

On the other hand, you can also express the gelD€ratatement as
follows:

DO labelcounter = lower limit, upper limit, step size.

As already stated above, every loop is expectedate a terminator,
and the 'label' in the above general forms of Dadeshent is actually the
statement label of the loop terminator. In Fortrdrg terminator of a
loop initiated by a DO statement is given by a CONIJE statement.

Now see a simpl®O... CONTINUE statement below:

DO 10J=1.40

BODY OF LOOP

10 CONTINUE.

The above example simply directs the computer peat 40 times the
statements between the DO and CONTINUE stateméhts.block of



statements which constitutes the body of the la@lso called the
RANGE of the DO statement (including the termingtstatement).

You learn how to program by studying program exasp&o, study the
following program closely because it consists ofliadnal features in
Fortran to be explained shortly:

PROGRAM ITER
REAL X, T, FF
C  BELOW IS A USER-DEFINED FUNCTION
F(X) = X**2 +3.0
OPEN (7, FILE = 'C:\NOU\OUT.DAT,
$ STATUS = 'NEW))
WRITE (7,10)
10  FORMAT (2X, 'T' 10X, 'FCT))
DO20T=0,4,05
FF = F(T)
WRITE (7,%) T, FF
20  CONTINUE
END

Definitely, you will observe that a few keywordsveabeen added in the
above program. In brief, below are some additicieatures beyond
what you have learnt on Fortran in this course:

The use of the keyword PROGRAM

The use of a user-defined function
Introduction of the OPEN statement

The use of a line continuation symbol ($).

The keyword PROGRAM is used in Fortran as a Prodtaader
statement, usually to give a name to your progradec

Below the comment line is an assignment statemdnthvdefines a
function F(X). The use of user-defined function éssential in

programming especially when a program has repeatedences to such
a function at different points of the program. Asuycan see in the
above program, the function statement is usedaenitte following the

DO statement. See the next explanation on the CfR&iRment.

The OPEN Statement

The OPEN Statement is used primarily to connedeaf the printer to
your program. Below is the general form of theestant:

OPEN [UNIT =] number, filespec list)



where "filespec" stands for file specification ahdre are various types
of Fortran specifiers. The most common specifiees a

FILE =
STATUS =
ACCESS =
Others are:
IOSTAT =
ERR=
FORM =
RECL =
BLANK =

As you can see in the example above, two specifters used in the
OPEN statement, namely, "FILE =" and "STATUS =".

Briefly, in the above example, the OPEN statemesrinects your
program to a device with unit label specified by thumber 7 as
indicated in the 'WRITE statements. In your cake, device is a hard
disk and the file to be used is specified to resndthe folder "NOU",

whose name is "OUT.DAT".

The STATUS specifier simply directs the computercteate the file
during the program execution, hence its status tgp®NEW". Other
types of STATUS identifiers are:

OLD
SCRATCH
UNKNOWN

A file identified as OLD for example, is a file aady existing on the
drive before the execution of your program.

Now, back to the DO... CONTINUE statement in thewsbexample,
the body of the loop is to calculate the valueshef function F(T) for
values of T from 0 to 4 with step size 0.5. Thaulssare to be written
to the file created by the OPEN statement. Theuwuwipthe program is
as seen below:



Figure 1

As you can see from the output above, the file "QRAT" can be
opened by you by any ASCII editor such as "Notef

In your DO ... CONTINUE statement, if the step sigaot given, th
Fortran compiler takes the step size as 1, justtlie BASIC languag
interpreter.

SELF ASSESSMENT EXERCISE :

There was a statement in the above example thahetasecessarn
What is the statement and wil

Answer

The statement is
REAL X, T, FF

Thedeclaration statement is not necessary becausatiables X, T
FF are already assumed to be real by de

3.2 Using IF... THEN... ELSE Statement

It is good to state here that the use of IF ... NHE ELSE statement
very important inFortran because it enable s Fortran programs f
written in a way more harmonious with structuredgsamming

The simple IF ... THENtatement has the following for

IF (logical expressionTHEN
block of statements
END IF

next statemeni



It is a common programming practice to indent tloelk of statements
between the IF statement and the ENDIF statemenenioance
readability of your code.

Remember that ENDIF keyword in Fortran is a sivgbed unlike in
BASIC where the keyword is broken into two (i.e.[EN-).

The ELSE statement is used in conjunction with IFHEN statement
as expressed below:

IF (logical expressionJHEN block of statements
ELSE

block of statements
ENDIF.

Now, look at the following example:

READ (*,%) X, Y

IF (X+Y . EQ. 0.0) THEN

WRITE(*,*) 'X = -Y'
STOP

ELSE
Z = (X+Y) + 2.0
PRINT *, X, YZ
END IF

In the above program code, on reading in the vaties and Y from
the keyboard, the IF statement checks if X+Y =fChis is true, the
control is transferred to the next two statemefte STOP statement
terminates the program execution at this pointthé value of the
logical expression is .FALSE., the control is pass® the statements
following the ELSE statement.

In the above program, take note that the relatiopatator .EQ. is used
and not the equality (—) sign.

SELF ASSESSMENT EXERCISE 2

Give the IF statement version for the above progi@mchecking the
following conditions:

I X>Y
. X=Y



Answers
I. IF (X.GT.Y) THEN
or
IF (X-Y .GT. 0.0) THEN
il IF (X.LE.Y) THEN
or
IF (X-Y .LE. 0.0) THEN.

Before you round up this unit, see below the varifmsms of IF
statements:

The logical IF
The block IF
The ELSE IF

Their general forms are as follows:

Logical IF
IF (logical expression) statement

An example is as follows:
IF (J.GT.4) GO TO 40

Block IF
IF (logical expression) THEN

An example is already given in the above Fortrasheco

ELSE IF
ELSE IF (logical expression) THEN.

The use of IF... THEN... ELSE IF statement is egky necessary to
avoid having too many ENDIF's when using the IResteent to check
many conditions in a multi-selection structure. Are general format
for the ELSE IF statement is as follows:

IF (first logical expression)
THEN first block of statements
ELSE IF (logical expression) THEN
second block of statements
ELSE IF (logical expression) THEN
ELSE IF (last logical expression) THEN
last block of statements
ELSE

block of statements



ENDIF.
You will now round up this unit.
4.0 CONCLUSION

Definitely, you cannot cover everything about Famntprogramming in
this course as you should have observed in this dihis unit has
simply attempted to introduce you to additional coom statements you
will frequently need to use in Fortran programmingeveloping
programs that involve loops and conditional stat@s)eare common
features in programming. This unit has shown yow km handle loops
in Fortran by using the DO... CONTINUE statementsu have also
seen the use of IF statements in its various f@mnasalso how to use the
relational operators in Fortran code.

5.0 SUMMARY

Fortran is very easy to learn as you have seehisnunit and the last
two units. This unit has extended the use of Forsttements to the
basic features of structured programming availabtbe language.

With these three units on basic features of Forpwogramming, you
have been equipped with the fundamental knowledgeodran to get
started with the language

In the subsequent units, you will also be introdute the fundamental
knowledge of some other languages so as to haveoad bbasic
knowledge of the commonly used programming langsiage

6.0 TUTOR-MARKED ASSIGNMENTS

1. Use the WATFOR 77 software to code and runoliewing
Fortran program:
INTEGER SUM
SUM=0
DO10D=1,7
IF (K.GT. 3) THEN
SUM = SUM + K
ELSE
SUM = SUM * K
ENDIF
PRINT*, SUM 10 CONTINUE END
2. a. State the three segments that characterizepaalw hence
write out the segments in the loop contained in the
program above.



b. Describe the use of the following status idesrsf
employed in OPEN statement:
OLD
SCRATCH
3. What is the difference between the STOP and END
statements?

7.0 REFERENCES/FURTHER READINGS

Fatunla, SD., Fundamentals of Fortran ProgramnAip + JANE
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1.0 INTRODUCTION

This unit will introduce you to the third language this course,
namely, the PASCAL Language. In this unit, you via#l discovering
for the first time what was never necessary inftre two languages
you have studied. Pascal has its own unique wayodé development
as you will remember in Unit 3 of this course whandying some
basic elements of algorithms. You will remembert thascal was said
to have its own specific form of pseudocode that yman easily
transform into Pascal code.

In this unit, you will therefore be introduced twetbasic characteristics
of Pascal language and its keywords and functiNiosv, look at your
study objectives below:

2.0 OBJECTIVES
At. the end of this unit, you should be able to:

Describe the fundamental characteristics of Pgscgrams

Distinguish some differences between Pascal laregaad other
programming languages

Identify the essential operators and keywords usé&hscal

programming

Describe the Pascal Library Functions.

2.0 MAIN CONTENT

3.1 Getting Started with Pascal Programming



To start with, it is good to state that Pascal vdesigned to be
compatible with structured programming conceptsseBgally, the
language offers alternative logic structures toigtioe use of branching
(or GO TO) statements that is highly discouraged structured
programming.

Pascal allows variables of any length, althoughyotile first six

characters have meaning to the computer and itoie ringlish- like

than the Fortran language. Generally, Pascal has bleserved to have
poor input and output (I/O) capabilities, howevdrhas very good

graphic capabilities unlike BASIC and Fortran.

Below is the summary of the elements of a Pas@aram illustrated in
the following chart.

Figure 1

Generally, each Pascal program has two basic parts:

HEADING
BODY.

The program heading is for definitions and deciarat In fact, the
program heading starts with the word PROGRAM fokowby an
identifier and program parameters. You will seetlhéise in examples
very shortly.

The program body simply consists of Pascal statésneach of which
must be separated from its successor by a SEPARAWDRN is
usually a semicolon. However, it is good to remiiit certain reserved
words also serve as separators in Pascal coding

To learn how to program and explain some importanicepts, you
need to study program examples. You will now s@eogram below to
learn the general basic characteristics of a sifRpkxal program.



PROGRAM Circumference (INPUT, OUTPUT);
(This program finds the circumference of a circle)

CONST
Pi=3.14159;
VAR
Radius, circum: REAL,;
BEGIN
READ (radius);
Circum: = 2 * Pi * radius;
WRITE (' Circumference =', circum);
END.

Before explaining the features of Pascal progrargrirthe above
program, do the following exercise.

SELF ASSESSMENT EXERCISE |

Construct the Pascal Pseudocode for the above IRmegaam.
(Remember you studied this in Unit 3 of this colurse

Answer
ALGORITHM Circumference
DECLARE
Pi=3.14159
radius, circum : REAL
EXECUTE
INPUT radius
Circum ? 2 * Pi * radius
Output 'circumference =', circum, MORE
END circumference.

Now, closely looking at the above program examyde, will observe
that a Pascal program can be said to consist dbtlesving sequences:

Definitions
Declarations
Statements
Optional Remarks.

When you divide a Pascal program into two majoitspafeading and
Body, the heading identifies the program name dni ibetter and
conventional to use an identifier that suggeststwha program is
expected to do. The name of the program is follovegd(INPUT,

OUTPUT) which indicates to the computer that thegpam will receive
data from its standard input device and also tréndata to its standard
output device. The words INPUT and OUTPUT are irs thontext



called theProgram Parameters.

Below the program header is a comment enclosednilitfaces { }. So,
Pascal uses braces instead of using a keyboard &ASIC or a
character as in Fortran. The comments can be plaogdhere in a
program where a space is allowed. Some Pascal tmpilso accept
double asterisk symbols (*...*) to enclose comments

There are two word symbols:

CONST
VAR.

The word symbol CONST indicates that the follownhata items will

definethe CONSTANTS to be used by your program. The veyrdbol

VAR also indicates the beginning of theclarationsof the names or
identifiers to be used for VARIABLE data.

The body of the program starts with the word symB&GIN and

terminates with the word END. Remember that the Et#@iement is
followed by a full stop (.) as an essential parth&f program code. END
statements in subprograms end with semicolons. Rwbat you have
seen above, a Pascal prograrpusctuation — sensitive.

Before you are introduced to the Pascal keywordk @perators, you
will observe in the above program example thatatb&@gnment operator
in Pascal is made up of a combination of two sisgi@bols (:=).

To fully get started with Pascal programming, yeed to be introduced
to the Pascal programming environment. Below is phegramming
environment for Turbo Pascal Compiler:



Figure 2

See the next menu screen

Looking at the above two screen windows of the ®uiasca
compiler, you will observe some similarities withet Turbo BASIC
environment. You will be using the compiler to rgeme Pasc:
programs later in this cour:

3.2 Pascal Keywords and Operator
The reserved words used in Pascal are as fol

AND, ARRAY, BEGIN, CASE, CONST, DISPOSE, DI
BOOZEAN, CHAR, DO, DOWNTO, ELSE, END, FILE, FOI
FUNCTION, GET, GOTO, IF, IN, INTEGER, INPUT, FALSI
LABEL, MOD, NEW, NOT, OF, OR, OUTPUT, OTHERWISEV
MAXINT, PACKED, PACK, PAGE, PROCEDURE, PROGRAI
PUT, READ, RECORD, READLN, REAL, REPEAT, RESE
REWRITE, SET, THEN, TO, TRUE, TYPE, UNPACK, UNTINAR,
WHILE, WITH, WRITE, WRITELN, TEXT



Already, some of the above reserved or pre-defi@stal words have
been used in the program example considered inlabie section.
Looking at the example closely, the following resel words were
employed in the program.

PROGRAM
CONST
VAR
BEGIN
REAL
READ
WRITE
END
INPUT
OUTPUT.

Below, you have the operators being used in Pg@sogkamming as
classified generally:

Arithmetic Operators

+ : Addition
- Subtraction
* - Multiplication
- Division
= - Assignment

Relational Operators

< : Less than

> : Greater than

= : Equal to

<= Less than or equal to
>= Greater than or equal to
< Not equal to

Boolean Operators

AND : The AND Operator
OR : The OR Operator
NOT : The NOT Operator.

SELF ASSESSMENT EXERCISE 2

There is an operator that exists in BASIC and Barbut is missing in
the groups of operators listed above. What is it?



Answer
The Exponentiation Operator.

The single operator for exponentiation is a uniguddsent feature in
Pascal.

You will now be introduced to the groups of Paditabry functions
and procedures as follows in the next section.

3.3 Pascal Standard Functions and Procedures

The commonly used Pascal library functions and gulaces are
classified as follows:

Arithmetic Functions
Transfer Functions
Boolean Functions
Procedures.

Arithmetic Functions

SOR (X) Square of X (i.e. X2)

SQRT (X) Square Root of X (i.€X)

ABS (X) Absolute Value of X (i.gX|)

EXP (X) Exponential Function of X (eX)

LN (X) Natural Logarithm of X (logeX)

SIN (X) Sine of X

COS (X) Cosine of X

ARCTAN (X) Arctangent of X (tan-1(X))

Transfer

CHR (X) Character corresponding to the valuehef t
integer type X.

ORD (X) Ordinal number of the scalar X.

TRUNC (X) Integer result of truncating X.

ROUND (X) Integer result of rounding real Xttoe

Boolean Functions

EOF (filename)
EOLN (filename)

ODD (X)

nearest integer

Returns TRUE if end of file is cbad
Returns TRUE if end of line eached in
the file.
Returns TRUE if the integer parameteisX
an odd number.



Procedures

NEW (X) : Creates a new address for the poiXter
DISPOSE (X) : Disposes of the address of the poiXxt

The following two functions are also employed irs&a:

SUCC (X) X Supplies the value after the currenti@af
scalar type
X within the ordered set of values that the
scalar type on take.

SELF ASSESSMENT EXERCISE 3

Discuss how to express the exponentiation operadind tangent
function in Pascal since there are no direct wdyesxpressing them.

Answer

The exponentiation operation can be expressed g ube SQR
function. This can also be done by the EXP and lwhtfions, carefully.
The tangent function also can be expressed by tisen§IN and COS
functions.

You will now round up this unit, having been intumetd to the basic
knowledge of Pascal to get you started with thg@mmming language.

4.0 CONCLUSION

In this unit, you have been introduced to the gaifeatures of the
Pascal language.

Something unique with PAS as you have seen inuthiisis the peculiar
punctuation marks that are essential in its codi&einmn BASIC and
Fortran that you have studied in this course.

The unit has also introduced you to the commongdugserved words
and operators with the language library functions.

5.0 SUMMARY
In this unit, you have seen that as good as thedP&siguage is, being

developed to be compatible with structured programgnfieatures, yet
the language has few demerits.



For example, there are no direct ways of expressipgnentiation and
tangent function as in other languages.