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2. FIRST STEPS

Programming is both an art and since. It is an Engineering discipline indeed.

Why write a Program?  To solve a specified problem.

The Problem may be; 

A word processor, controlling the traffic lights in a city, Controlling and landing a spacecraft to a planet, Creating a compiler, creating an operating system, simulating the movements of a surgeon for an operation  robot etc. No end..

2.1 Three basic steps in programming

The task of writing a program to solve a particular problem can be broken down into three basic steps.

1) Specify the problem clearly

2) Analyse the problem and break it down into its fundamental elements

3) Code the program according to the plan developed at step 2.  

There is also a fourth step, which is the most difficult in general,

4) Test the program exhaustively, and repeat steps 2 and 3 as necessary until the program works correctly in all situations and also do not forget that establishment of a program may take very long time.

A structure plan helps to create well-designed programs. Some of the key aspects of program testing are also briefly discussed. (top-down approach_widely accepted practice, bottom-top approach_sometimes necessary)

We will follow the steps end practice ‘structure plan’ on an example.

Example:

Write a program, which will ask the user for x and y coordinates of three points and which calculates the equation of the circle;

passing through those three points. [image: image1.png]x v Dy By LR -0



Then display the coordinates (a, b) of the centre of the circle and its, r.

1. Problem specification - First step

This needs extra knowledge of linear algebra and analytical geometry. That is out of the scope of this course.

Every equation of the circle can be reduced to the form
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If we write this equation in the form 
Completing squares we have,
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The centre is at the point 
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And the radius is
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The equation contains 3 unknowns. Thus we need three equations to obtain the result. After solving the system of equations we obtain the centre of the circle as (-E/2,-D/2) and the radius as 
2. Analysis of problem - Second step

The major steps;

1) Read three sets of coordinates (x1, y1), (x2, y2) and (x3, y3)

2) Calculate the equation of the circle

3) Display the coordinates (a, b) and radius r.
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Numerical Problems may exist. For example;
Three points may lie on a straight line. There may not be a solution (This means that the equations are ill-conditioned).

Always consider for the potential numerical problems. Arrange your code accordingly.

3. Solution - Third step

Create an F Program code for the problem. 

Example 2.1
program circle

use Geometry

! this program calculates the equation of circle passing

! through three points

! variable declarations

real :: x1,y1,x2,y2,x3,y3,a,b,r

! step 1

print *,"please type the coordinates of three points",

print *,"in the order x1,y1,x2,y2,x3,y3"

read *,x1,y1,x2,y2,x3,y3 ! read the three points

! step 2

call calculate_circle(x1,y1,x2,y2,x3,y3,a,b,r)

! step 3

print *,"The centre of the circle through these points ", & 

   "is (",a,",",b,")" 

print *, "Its radius is ",r

end program circle

Typical output of the program after execution is

please type the coordinates of three points

in the order x1,y1,x2,y2,x3,y3

4.71 4.71

6.39 0.63

0.63 3.06

The centre of the circle through these points is (3.502342, 1.826847)

Its radius is 3.125862

2.2 Some basic F concepts

Example 2.1 is a very simple program. It does contain many of the basic building blocks and concepts, which apply to all F programs. It has only the main program unit.

F90 and thus F removes the fixed format of F77.

· Each line of an F program contains on statement or part of a statement. The statements can be spread over 39 continuation lines

· Each line can have a maximum of 132 characters.

· Every main program unit must start with a program statement and en with end program statement.  Program and end program statements are followed by a program name. 

The first line of the program reads

Program circle

The name and other F identifiers must obey the following rules

· It must begin with a letter, upper or lower case

· It may contain letters A-Z, a-z, or digits 0-9 and underscore character ,  _  , which can not be the last character of the name.

· It must consists of up to 31 characters

· F requires that the same pattern  of upper and lower case letters be used on every occasion of the same name. Circle and circle are considered different by the compiler.

There are also reserved words like program, call etc. They have special meanings in F or are the names of intrinsic procedures. They may not be used for any other purpose by the programmer.
In the compiler reserved words are printed in bold and blue

typeface to distinguish them from the others.

use geometry

This statement informs the compiler that part of the program is to be found in the module called geometry. This will be explained in detail In one of the coming weeks

! this program calculates the equation of circle passing

! through three points which are (x1,y1),(x2,y2) and (x3,y3)

· These two lines are comments.

· A comment line is given purely for information for the programmer or anyone else reading the program.

· It is ignored by the compiler. A comment line starts by  putting an exclamation mark, !, at the 1st column. When typed after a statement the rest of the line is considered as comment.
! variable declarations

real ::x1,y1,x2,y2,x3,y3,a,b,r
The first line is a comment and  indicates  that the following line

contains one or more variable declarations. The second is a specification statement.  This gives information about the program. In the example it specifies the nine identifiers as the names of variables to be used to hold numerical information.

! step 1

print *,"please type the coordinates of three points",

print *,"in the order x1,y1,x2,y2,x3,y3"

The comment line informs of the first step of structure plan. Next two lines contain executable statements which are obeyed first during the execution of the program. They are also known as list-directed output statements.

read *,x1,y1,x2,y2,x3,y3 ! read the three points
This line is a list-directed input statement. It tells the compiler that information will be read from the keyboard.

! step 2

call calculate_circle(x1,y1,x2,y2,x3,y3,a,b,r)

· The call statement of step 2 calls a subroutine, whose name calculate circle is given in the statement.

· The items enclosed in parentheses are known as the arguments.

· They are used to transmit information between the main program and subroutine

! step 3

print *,"The centre of the circle through these points ", & 

   "is (",a,",",b,")" 

print *, "Its radius is ",r
· Step 3 of the structure plan relates to the display of the required results.

· The first print statement incorporates the continuation line concept. The ampersand at the end, &, informs the compiler that the statement is continued in the next line Use this concept wisely. You can not split a name or a sequence of  characters contained between quotation marks across two lines.
end program circle

The final statement of a program must be an end program
statement followed by the name of the program as specified

in the initial program statement.

The structure of a main program unit is

program  name

use statements

.

.

Specification statements

.

.

Executable statements

.

.

end program name
2.3 Running F programs on a computer

After you have typed your code using a text editor, it is a very simple procedure to run your program. In this course F-World  F program development environment by imagine1 and  Microsoft PowerStation Fortran, available within Microsoft Developer Studio, will be used. You may also type your code using the facilities of these to environment. The F-World does not let you to create executable files, but you may run your programs on it.

For Microsoft Developer Studio the three basic steps of compiling, linking and the execution is done by;

• Pressing Ctrl+F8 or using pull-down menu named “Build” located at the top of the page easily performs the compiling procedure.

• Linking is done by pressing Shift+F8 or pull-down menu

• For the execution it need to key in Ctrl+F5 or pull-down

menu (Build).

2.4 Errors in programs

Errors fall into two distinct groups

1) Syntactic (or grammatical) errors

2) Semantic (or logical) errors. 

A logical error may result in a nonsensical meaning (division by zero, zero argument in natural logarithm, etc.) yielding to the program falling during execution or incorrect answers.

Example of a syntactic error: (no comma between * and ”)

print * "The centre of the circle through these

points is"

When detected such an error:

syntax error detected between * and 'The centre of the circle through these points is'
· A program may contain more than one error

· Compiler usually continues to check the rest of the program. Therefore no machine code will be produced and no execution will be able to be performed.

· Errors detected by the compiler (called the compilation error) are no great problems.

· The errors should be corrected from the first one since the other apparent errors may disappear when the first one is corrected once.

· The number of errors related to the carelessness of the programmer and they can easily corrected when the program recompiled.

· Semantic errors are far more serious

· There is an error in the logic of the program.

· Sufficient experience is needed to reduce the semantic errors.

As an example to the semantic error, a division by zero is added to the end of the last print statement. This means that prints the result of r over zero.

print *,"a=",a," b=",b," and its radius is ",r/0

The compilation, linking procedures will pass but after the execution an error message will be displayed.

run-time error M6103:MATH

-floating-point error:divide by zero.
2.5 The design and testing of programs

· Programs should be well-designed

· This will lead to reliable, efficient, easily maintained portable programs.

· All programs should be tested to ensure that they produce the correct answers from valid data, and react in a predictable and useful manner when presented with invalid data.
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