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Chapter 1 

Introduction 

A computer is a tool uaed to BOlve certain clMSes of problems. For a computer to 
be able to solve a problem, we have to know bow to solve the problem ourselves 
and then use the computer to apply the method to given data. The programmer 
specifies the method in a program; the computer provides speed and accuracy. 

1.1 Automating a Problem Solution 
The figure below shows a clerk seated at their desk with a calculating sheet in front 
of them. They have an in.fray into which slips are placed and an out-tray into which 
they place results. They also have a calculating machine to do the arithmetic . 

I Out-tray I 

Calculator 

The clerk's task is to take an input slip which contains the following information 
about employees 

• rate of pay 
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• number of houn worked 

and they have to prepare an output 11lip with the above information plus calculationa 
for 

• overtime houn 

• normal pay 

• overtime pay 

• total pay 

A 11eetion of the calculating sheet conta.ina instruction, that enable them to perform 
the desired calculationa. These instructiona are 

1. Take the next slip from the in.tray and copy the name, rate and total hours. 

2. Calculate the overtime boon as (Total hours - 40) . 

3. Calculate the normal earnings as (40 x Rate) . 

4. Calculate overtime earnings as (Overtime hours x Rate x 1.5) 

5. Calculate gross earninp as (Normal earnings + Overtime earninga). 

6. Prepue an output alip and put it in the out-tray. 

7. If there are any more slips in the Urtray go to 1tep 1, otherwise atop. 

• 

Now let us automate thil 1yatem with a computer • 

Input Device Output Device 

r:==-i Memory 

~ 

I ~ntrol I EJ 
The in.tray is replaced by an input device. There are many typee of input devices 

that may be attached to a computer. We will consider it as a convenient means of 
putting information into the machine. The out-tray is replaced by an output device. 
There are many types of output devices that may be attached to a computer. We • 
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will consider it as a convenient means of getting information out of the machine. The 
instructions are coded and stored in a program. The calculating sheet, with both its 
instruction area and work area, is replaced by the memory. Memory is a temporary 
storage area which stores the program and its calculations during execution of the 
program. The calculator is replaced by the Central Proceaaing Unit {CPU). This 
performs the calculations. Finally, the clerk is replaced by a control program. The 
function of the control program is to take each instruction in turn from the memory 
and cause the appropriate action to take place. This might be 

1. To read some information from the outside world via the input device. 

2. To write some information to the outside world via the output device. 

3. To calculate some quantity, using the central processing unit. 

1.2 Solving Problems Using Computers 
The steps involved in solving problems by using computers are 

1. Formulate the problem carefully and determine exactly the objective to be 
reached. 

2. Find a method for solving the problem. The method is referred to a.s an 
algorithm. 

3. Organise the information associated with the problem in a way suitable for 
processing by the computer. This is called preparing the input data . 

4. Prepare instructions for the computer. A program is a sequence of instruc• 
tions, which is a translation of the algorithm found in step 2 into a computer 
language. 

5. Run the program on the computer, with the input data, to prodUce an answer 
to the problem. 

If you wanted to solve a problem without using a computer, you would still carry 
out the first two steps, and some modification of the third. 

1.3 Programming Languages 
Ea.eh computer has its own specific language called its machine language, or as.sem• 
bier. Programming in machine language is very t-edious because 

• Detailed knowledge of how the computer works is necessary. 

• The program will only be able to run on the type of machine for which it was 
originally written. 

• The ma.chine instructions are very primitive, and very many of them are re. 
quired for a simple program. 

Attempts to overcome such problems have resulted in the S(>.called high level Ian~ 
guages such as FORTRAN, ALGOL, PASCAL, PL/1, COBOL and SIMULA. A computer 
cannot directly understand a high level language, so a program called a compiler is 
used to read the high level language and translate it to machine language . Steps 
involved in using a high level language are 
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1. Analyze the problem and develop an algorithm to be used to solve the problem. 

2. Transla.te the algorithm to a program written in the high level la.nguage. Enter 
the program into the ma.chine, usually by typing it in a.t a terminal, and store 
it perma.nently, usually in a file on a disk. This is referred to as the aottrce 
program. 

3. Compile the source program into machine language ( called the object progmm) 
using a. compiler. This is referred to as compilation of a program, a.nd this 
occurs at compile time. 

4. Collect all object programs to form an ezecutablt progmm. This is also called 
linking. 

5. Execute the program, if necessary using data ( which is also usually stored in 
the ma.chine). This occurs at ezecution time. 

The phases are represented below. It is important to understand the different 
phases that a program will go through before it is actually executed. 

1.3.1 Compile Time 

The compilation ( or translation phase) that your program goes through may be 
represented by the following diagram. 

Source 

Program 

1.3.2 Linking Time 

The output from the compile phase, the object program, is the input for the next 
phase, that of collecting together all the object programs that are necessary to form 
an executable program, which is what the computer will execute. Object programs 
come from your program, the system library, and other subprograms that may ha.ve 
been written by other people or by yourself. 

• 

• 

• 
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System Library 

and other 
Object Programs 

t.3.3 Execution Time 

Executable 

Program 

Execution time refers to the execution of your program. Note that much bas hap­
pened to your program prior to it reaching this point on its way to producing results 
(or you . 

1.4 Operating Systems 

An operating .ty.ttem is a large complex program used to control the operation of a 
computer. All programs execute under the guidance of the operating system. Part 
o( the operating system functions are 

• General job scheduling. 

• Identify each user and label ea.eh job's output. 

• Check account numbers and passwords. 

• Monitor jobs to ensure they do not exceed a maximum time. 

• Load the required compilers into the computer aa needed . 

• Control activities of input ·and output devices. 

The programmer must provide special control atatementa (or the operating sys--
tem which will specify such things as 

• The account number and password, to log on . 

• Which compiler to use. 

• The location of the program and data. 

• Where to send printed output . 
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Such control ,tatementa mWlt be provided with each program that is to be run , 
and they must be prepared according to a fixed format that is dependent upon 
the particular computer iruttallation. The operating system control statements are 
independent of the FORTRAN language, but mWlt be ueed for each run . 

• 

• 

• 



• 

• 

• 

Chapter 2 

Variables, Expressions and 
Statements 

2.1 Computer Memory 
The main memory of a computer consists of entities called words. Ea.eh word can 
store a certain amount of information. The a.mount of information in a memory 
word varies according to the computer. Computer memory is vastly different to 
human memory. Humans tend to display the use of their memory by saying such 
things as 'I remember when I was last in Thargomindah and all the frogs climbed 
trees'. With a computer, if you put something into memory, then it will stay there 
until you put something else in its place. An analogy to this is recording a piece of 
music on a cassette tape. The cassette tape remembers what you recorded on it, 
to the extent that it will play it back, and this recall will continue until you record 
something else on it. Another analogy is if you had a box and you placed a blue 
sheet of paper in it. If you looked inside this box some time later and saw that the 
blue sheet was still there, would you say that the box had remembered the sheet of 
paper? Probably not, but this is how a memory word in the computer 'remembers'. 

2.2 What is Stored in Computer Memory 
During your program's execution, your program and its calculations are stored in 
some part of memory. After the execution finishes, that part of memory is re-used 
for other programs. Some of the things that are stored in the computer memory 

"'' 
Integer numbers, e.g. 123, - 724 ~ There is a limit on the size of an integer 

which varies from computer to computer. 

R eal (or floating point) numbers, e.g. 62.43, --0. 74 ~ Areal number is stored 
as two parts, the mantissa and the exponent, e.g . 

7 .3 X 1000000 

The magnitude (sign not considered) of a real number must be zero or lie 
between limits that vary between computers. Only a certain number (machine 
dependent) of significant digits is stored in memory. If a real constant is 
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specified with too many significant digits, then the excess isju.st dropped (that 
is, the value recorded is truncated) without issuing a diagnostic. (Larger or 
smaller real numbers with more significant digits may be used in FORTRAN 
by declaring them in a special way.) 

Computer inatructions - This is done automatically for us by the FORTRAN 
compiler and so the exact form does not concern us. 

Text or me&11ages, e.g. FRED - The computer stores characters by using a 
digital code for each possible alphabetic (A,B,C, .. ,,Z), numeric (0,1,2, ... ,9), 
or special (S,/,* ,space) character. Fortran storea characters in a code called 
ASCII, or EBCDIC depending upon the computer used. 

These four different types (and others) are stored as some combination of zeros 
and onee (i.e. a binary code) in a computer word . The representations in each case 
are different, so the real number 3.0 will be stored in a completely different way 
to the integer 3. Suppose a word contains an integer number. If this word is then 
referenced as a real number, we should not expect it to be the correct value. It is 
therefore important that these different types be used correctly. Memory stores all 
information unselectively, and information only has meaning when you reference it 
as a certain type. 

2.3 Names 

Fortran allows u.s to reference locations in the computer memory by the use of 
names. Any reference to this namt will reference the corresponding locaiion in the 
computer memory. The information stored in a location may be of two types. A 
con,iani references a location in memory whose value remains fuced for the duration 
of execution of the program. A variable refers to a memory location whOf:le stored 
value may be changed during the execution of the program. An analogy to this is 
in a bank vault. A bank vault contains deposit boxes in the names of the bank's 
customers. The boxes are distinguished by a name (being the customer name and 
account number). So we can refer to box name "1CIIT0SH551549 and put something 
in the box. Note the difference between the name of the box and its contents. This 
kind of box is analogous to the variable in FORTRAN as its contents can be examined 
or changed. 

2.3.1 Rules for the Formation of Constant Names 

The word containing a constant number is given a symbolic name which is the same 
u its value. Unless a minus sign precedes a constant, it is assumed to be positive. 

• An integer constant is written as a signed or unsigned string of digits without 
a decimal point, e_,g. 

1, -10, 31234 

• A real constant is written as a signed or unsigned string of digits containing 
a decimal point, e.g. 

10 .23, 6., -72.189 

• 

• 

• 
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Very large or small numbers may be written with an integral decimal exponent. 
For example, 

128700000. 0 is equivalent to 128. 7E6 

0.0000126 may be written as 0.126E-4 

Other examples are -0.179E24, 1278 .0E-10 

Note that the number to the left of the E may be an integer, but the whole 
name is the name of a real quantity. For example 

42E3 is the same as the real number 42000. 0 

• A literal constant is written as a string of characters enclosed by single quote 
characters,e.g. 'FRED', 1 I AM 1 

The major difference between an integer and real constant is the absence or 
presence respectively, of a decimal point (or the use of the E format). Thus 3 is an 
integer constant, but 3. O is a real constant. The forms are not interchangeable as 
they are stored and processed within the computer in entirely different ways. Note 
that 3. 0, 3., and 3. 00000 are all equivalent. 

2.3.2 Rules for the Formation of Variable Names 
A variable name consists of one to six alphanumeric (i.e. alphabetic and numeric) 
characters, the first of which must be alphabetic. By default, if the name starts 
with one of the letters l ,J ,K,L,M,N, then the variable is of type integer and refers 
to a word that may store integer numbers only. If the name begins with one of the 
other alphabetic characters, A to H, 0 to Z inclusive , then the variable is of type 
real and refers to a word that may contain real numbers only. For example, 

I, 110, IAME 
A, DATA, PLAIE 

are integer variable names , while 
are real variable names. 

It should be noted that the compiler places no significance on variable names beyond 
inspecting the first letter to establish whether the variable is integer or real. A name 
such as B7 does not mean B times 7, or B raised to the 7th power. 

Good programmers assign variable names that make it easy to remember the 
meaning of the variable, but no such meaning is attached by the Fortran system. 
It should also be noted that every combination of letters and digits is a separate 
name , although lower case letters are not distinguished from upper case. Thus A, 
AB, ABS and ABC are all different and ABC is the same as Abe or abc but not the 
same as BAC. 

2.4 Arithmetic Expressions 
Arithmetic expressions may contain 

• variable names, 

• constants, 
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• arithmetic operators, and 

• brackets. 

The arithmetic operators are 

+ representing addition, 
11ubtraction, 
multiplication, 
diviaion, and 
exponentiation. 

Ao fntmductioo to Fort@q 

2.4.1 Formation of Arithmetic Expressions 
The basic expression is a single operation and has the form 

<variable or constant> <operator> <variable or constant> 

<operator> < variable or constant> 

Examples:- 1•2, 1-B and -B are basic expressions. 
The result of evaluating an expression is a variable or constant. Complex ex­

pressions are built up from basic expressions, with operations being done one at a 
time. For example, i + B + C is evaluated in two stages as follows 

A + B + C 

I 
VARJABLE + C 

VARJABLE 

Intermediate variable 
created 

Answer 

Variables and constants must be separated from other variables and constants 
by arithmetic operators. Two arithmetic operators cannot be adjacent. If this 
situation arises, then the operators must be separated by brackets. For example, 
.O-B ia illegal and should be A•(-B) . The error could also be corrected by using 
-B•.t. 

2.4.2 Order of Evaluation of an Arithmetic Expression 
Arithmetic expressions in algebra may be interpreted in different ways. This ambi­
guity is not acceptable in a programming language, so there are strict rules which 
determine the order of evaluation of an otherwise ambiguous expression. For exam­
ple, consider the expression 

• 

• 

• 
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BOUJI.S•RATE + BOIUS 

Do we do the multiplication first, or t he addition first? There ia a vast difference 
in the answer we may get . In evaluating an expression, the order is 

1. brackets (innermost first) , 

2. exponentiation, 

3. multiplication and division, 

4. addition and subtraction. 

For example, the expression A•B-C/D is evaluated as if it were written (A•B)-(C/D). 
Where two operators have the same priority (e.g. multiplication and division), the 
order is taken from left to right . For example , the expression A/ B•C is evaluated as 
(A/B) •C which will probably be different from 1/(B•C) . 

Exponentiation is the exception : I .. JuK is evaluated as I .. (J .. K) and not 
(IuJ) .. K. 

A more complex expression is 

This is evaluated as follows 

1. The expression ((B-C)•D + (E-F .. K)) is in brackets 80 it will be evaluated 
first . Within this expression 

(a) (B-C} is the leftm06t bracketed expression, 80 it will be done first. 
(b) (E-FuK) is the next bracketed expression to be evaluated. Within this 

expression, F••K is evalu ated then E - (F .. K) is evaluated 
(c) Step la• Dis evaluated. 

Finally the result for step 1 is obtained by evaluating steps l e + lb 

2. The result from step 1 is divided by the real constant 3. 2 

3. The result from step 2 is multiplied by G 

4. A is added to the result from step 3 

5. Bis added to the result from step 4 giving the final answer. 

Another way of representing the above explanation is t.o place a number under 
the arithmetic operators to indicate the order in which they are applied. 

A + ( (B - C) • D + (E - F •• K) ) / 3 . 2 • G + H 
8 6 7 

A quick method of checking that an expression has the correct number of right 
and left brackets is to count each bracket, adding I to the total for each left bracket 
and aubtracting I for each right bracket. The total should be O. In the above 
example 

A + ( ( B - C) • D + (E - F •• K}} / 3. 2 • G ♦ B 
12 2 10 correct ! 
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In the erroneous expression 

.l + ((B - C) • D + (E - F •• K) / 3.2 • G ♦ B 
12 

a poeitive total indicates a surplus of Jen bracket, but does not abow where the 
error is. 

2.4.3 Expression Type 

Integer expressions and real expressions are arithmetic expreseions whose resulting 
values are of type integer and real respectively. The result of &n expression con­
taining one operand , such as -B, has the same type as the operand. The result 
of a basic expression with two operands, such as A + B, has the same 'type' as its 
components if they are both the same type. If both component.a are integer then 
the resultant variable or constant will be integer. For example 

I + J gives an integer result. 
I/Y gives a real result. 

2.4.4 Integer Division 

This is the division of an integer quantity (either a constant or an integer variable) 
by another integer quantity. The result of the division is an integer . Where the 
division is not exact, the result is tnncatcd to an integer value . That is, the result 
of 12/6 is 2 and not 2.4, while the result of-9/4 is -2 and not -2.26 . As a result , 
10/ 3•4 is 12 while 10•4/ 3 is 13. Also, 10/ 3•3 is 9 and not 10. N .B. It is not 
rounded. Note that 2 .. (-3) is equivalent to 1/(2 .. 3), which is 0 and not 0 . 126 . 

2.4.5 Mixed Type Expressions 
FORTRAN allows mixed type arithmetic expressions. A mixed type arithmetic ex­
pression is one that contains more than one type of variable or constant (i.e. a 
mixture of integer and real). If there is a mixture of real and integer, then the 
integer is converted to real, internally by FORTRAN, and the result is of type real. 

Theresultof10/3 + 4 .2is7.2 
Theresultof10/3.0 + 4.2is7.533 

2.5 The Assignment Statement 
An assignment statement is of the form 

variable :::;: expression 

where variable ie a legal variable name, and 
expression is an arithmetic expression . 

The assignment statement causes the expression on the right to be evaluated and the 
resulting value to be stored in the variable on the left hand side of the • character. 
The anignment statement is read as 

variable BECOMES the value of the expression 

• 

• 

• 
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as the variable's value will become the value of the expression, thus losing any previ­
ous value that it may have had. The expression on the right is evaluated according 
to the rules we have seen for evalua.ting expressions. References to variables on the 
right cause their values to be fetched from memory. It is impossible to fetch a value 
of a variable from memory unless it has already been given a value somehow, prior 
to this point in the program. The expression on the right is said to be evaluated. 
The name on the left is the place in the computer memory in which the result of 
the evaluation is stored. For example, after the statements 

.l = 3.0 
B = 12.3 
C : -10.2 
D = 47 .1 
D = .l•B+C 

are executed, the values of the variables will be 

3.0 12.3 -10.2 

We can now say such things as: 

3 . 0 has been stored in i 
12, 3 is the current value of B 
C is assigned the value -10. 2 

is 26.7 

D 
26. 7 

The statement I "' I + 1 is legal and results in the value of the variable I being 
incremented by l. The "' character is not an equals sign in the sense of algebra, 
because it does not test for equality. It causes the replacement of the current value 
of the variable on the left hand side with the result of the expression on the right 
hand side. 

2.5.1 Type Conversion Across the Assignment Operator 

In the statement 

variable = expression 

the type of the variable (i.e. integer or real) and the expression do not necessarily 
have to be the same. For example, 

,(a) I : i + B 
(b) .l = I • J 

a.re both legal. The expression is evaluated according to its type (real for (a) and 
integer for (b )). The result is then converted to the type of the variable on the left 
hand side before being stored. So the statement A = 3 results in 3. 0 being stored 
in A. The statement ICE = 4. 8 results in the number 4 being stored in the variable 
ICE . 
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2.6 Overflow, Underflow, and Divide Check Er­
rors 

Ifa result attains a magnitude which is greater than the largest (positive or negative) 
value that can be stored, then an overflow is said to have occ\ll'red. An underfiow 
occurs when the magnitude of a real result is less than the smallest value allowed. 
Division by zero (either integer or real) is not defined and results in a divide ch-eck 
condition. All of the above are considered to be errors, but underflow is generally 
considered far less serious. These errors may be handled differently on different 
machines, and you should acquaint yourself with the actions taken for these errots 
on the computer you are using. The actions may vary from ignoring the error 
(and not telling you), or reporting that it happened somewhere in the program, to 
stopping the program when one occurs . 

2. 7 Exercises 

Exercise 2A 

Write FORTRAN statements to evaluate the following algebraic formulae. 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

b z=a+­
c+d 

(a-b)(c-d) 
z=~ 

y = -2.314 + (5.67z - 3.29 x 10-4)z3 + 4.13z7 

• 

• 

• 
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Exercise 2B 

Identify each of the following as either a real constant, an integer constant, or 
neither. 

I. 0.001 

2 .. 2 

3. 77 

4. 1-23 

5. 87E-05 

6. 3435.11 

7. $66 

8. 6.lE-.5 

9. 467+1 

10. 43.1.2 

11. 223 . 

Exercise 2C 

Identify which of the following are legal variable names. Which ones are integer 
variable names, and which are real variable names? 

I. QAZ 

2. COMPUTER 

3. REAL 

4. 69 

5. CD-5 

6. L9A~Z2 

7. TUFF. 

8. BSQl)SC 

9. A+B 

10. 3XY 

11. AJKLMN 

12. BLOOD 
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Exercise 2D 

What ia the error in each of the following Fortran arithmetic staLement.s? Notice 
that although we may recognise errors in the statements below, we cannot correct 
them, as there are many po88ible changes that may be made, which would correct 
them. The Fortran compiler will aleo adopt this approach, and these statements 
would result in errors occurring at compile time. 

l.1•1+38 

2. Y • ((J.+B)•(C+D)-(.l-D)•B-C)) 

3. 3 .14169 = PI 

5 . AMOUIT • BALAICE + RECEIPT - S.lLES 

7. TOAST • (TOI.ST + BUTTER) (BREAD/TOAST) 

Exercise 2E 

What would be the result of executing the following statements? The initial values 
of the variables are 

i = 6.0 
B = 3.6 

1. Z = (i+B)/1 

2. Z • J+I+I 

3. 2 • (J-I)/1 

4. Z • 1-1/J 

5. Z • J/J+I+2 

6. K • B 

7. K • 1/J 

9. X • (.t+B-I)/3.0 

10. IC • HJ/ I 

11. X • I/JU 

I = -9 .0 
I "' -3 

J •• 
I • 6 

• 

• 

• 
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Chapter 3 

Program Layout and 
Input/ Output 

3.1 The Fortran Character Set 
A Fortran program is written using the following characters 

1. The twenty-six upper case alphabetic characters A through Z. (Lower case 
letters are converted to upper case internally by Fortran.) 

2. The ten numeric digits O through 9 . 

3. The thirteen special characters 

blank 
equals 
plus 
minus 
asterisk 
slash 
left parenthesis 
right parenthesis 
comma 
decimal point 
currency symbol 
apostrophe 
colon 

The full Ascii or Ebcdic ( depending on the machine type) character set is legal in 
literal constants, e.g. 'why?','[ ... ]'. 

3.2 Spaces in Fortran 
Except for certain specified uses , e.g. as part of a literal constant, spaces or blanks 
have no meaning and may be used freely to improve the appearance of the program. 
For example, 

A.NP = U + 3.6 

17 
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and 

JCP • U+ 3. 

and 

AMPzU+3.6 

rue equivalent, the first being the most desirable. 

3.3 Fortran Program Layout 
A program is a. sequence of statements and comments written on SO-column lines. 
Each statement of a program begins on a new line. The 80 columns are divided 
into a number of fields with different usee. Only the first 72 columns are read by 
the computer. 

3 .3.1 Statement Line 

A at&t.ement is written in columns 7 through 72 . The only Fortran statement 
covered so far is an assignment statement. So an example of a statement iB shown 
below (note: blanks are shown as u) -

Note how there are six blanks at the start of the line, so that the statement starts 
in column 7. For good program layout you should et.art moat Fortran commands 
in column 7 (rather than aft.er column 7) . This makes your program easier to 
understand , easier to read , fix and alter. Later we will learn when it is appropriate 
to indent past column 7. 

3.3.2 Continuation Line 

Often a statement may require more than columns 7 through 72 and so a method 
of continuing the 11tatement is required. This may be done by putting a non-zero, 
non-blank character in column 6 of the line that i11 the continuation of the previous 
line. Up to 19 continuation lines are allowed for a 11ingle statement. An example of 
thi11 i11 if we wanted to spread the following s tatement over 3 lines 

uuuuuu l ICHESu=uMILES• 17 60•3• 12u+u YARDS •3• 12u+JEET• 12u+ul IS 

Although this is not normally done if it i11 not necessary, the following three lines 
have an identical effect to the one line above. 

I.JUUI.JUIJIICHESu=.)IILES• 1760•3• 12 
UULUU$ut..1.JUut..JU.Ju+uY.lRDS•3• 12 
uuu.,u$UtJLJUULJULILJ+JEET•12u+ullS 

When u11ing continuation lines, it is be11t to indent the continued lines to highlight 
the continuation, as in the above example. This practice makes your program easier 
to read and understand. 

• 

• 

• 
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3.3.3 Comment Line 

The letter C (or an asterisk) in column 1 designates that line as a collltnent, and 
whatever follows on that line is the text of the comment. A comment line does not 
affect the program in any way, and is available aa a meana of documentation. A 
line containing only blanks in columns 1 to 72 is also treated as a comment, and 
should be .used to space out the program. Comments are allowed between the lines 
of a statement which has continuations. If a line has a C in column 1 the rest of 
the line is ignored by Fortran, but it will be printed in the listing of the program. 
Comment lines may not be continued. To have a multi-line comment, put a C in 
column 1 of each additional line. All programs should commence with a series of 
comments to explain the following details 

L The name of the author of the program. 

2. The date 

3. User documentation : What the program does from the point of view of a 
user of the program, including information as to how the user should prepare 
any required input data for the program. 

4. Technical documentation : What the program does from the point of view of 
a person trying to understand the Fortran program. 

5. Any limitations of the program, and how they may be overcome - e.g. a 
tendency to overflow. 

The comments at the progi-am head should be made using English sentences rather 
than pseudo Fortran sentences. It is easier to locate the different comment sections 
if standa.rd headings a.re used and if the comments themselves are indented ( as 
shown below). For example, you may find the head of a program has 

Author: Fortuque Quincy Zladinov Mc Smith 

Dat-e: 27th June 1976 
C Modified: January 1981 by Les Landau 

Modifications vere to clarity comment 
headings 

C Prograa Ducripti:on: 
Thie prograa find• th• average of nwnbere 
read ill fro■ input data. Any number of 
data line• ■ay b• read. The last line 
contains a eantinel (the number -999) and 
1110 no other line ■ay contain this value. 
To change the ending indicator, change 
the value of IFII in the program. 

C Input Deecription: 
The numbers to be read in muat be integers, 
one per line right juatifi-ed in columi..111 
1 - 6. The last 1..ine to be read in is a 
line vith -999 in it. Thi-• apecial ending 
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indicator aay be altered bJ changing the 
•alue of IFII in th• prograa belo• . 

C Lbt of YariablH Uaed: 

lV ... .... . COJTUIS THE AVERAGE OF THE IUKBERS 
C IFII . ••.•• COIT UIS THE EIDIIG IIDIClTOR 
C I., ••..... COIT.UIS THE IUJIIBER JUST READ II 
C IUN ......• COITJ.11S THE IUNBER OF DlTi LIIES llE.ID 
C TOT .. ••••. COITiIIS THE TOTAL OF ·THE IUNBERS 

The above may seem to be rather verbose and unnecessary, however it does 
explain all that a person needs to know to either use or modify the program. Re­
member that incorrect or misleading comments are far worse than none, so ensure 
that thoee that you use are accurate! In addition to the above program header, 
there should also be comments within the program, describing each logical section. 
Appendix 1 cont.a.ins information regarding the commenting of programs in general 
and specifically on what is expected for your assignment.a. You should read this 
appendix before attempting your assignment.a. 

3.3.4 Statement Label 

Optionally, a statement other than a comment may be labelled 90 that it may be 
referenced in other statements. In Fortran , a statement should not have a label 
unless it is referenced by some other statement in the program (we will see such 
commands as DO and GO TO later) . A statement label contains from one to five 
digits. The value of the integer represented is not significant but must be greater 
than zero. The statement label may be placed anywhere in columns l through 5 of 
the first line of a statement, i.e. not on continuation line,. Leading zeroe &re not 
significant, nor are blanks. The same statement label may not be given to more 
than one statement in a program, otherwise the label is not unique and a reference 
from another statement to this label would be ambiguous. A statement label is also 
known as a statement number. Although it is not mandatory, statement numbers 
are generally allocated in ascending order so that any etatement number may be 
eMily found without having to search the complete program. Statement numbers 
are usually multiples of 10 so that new statement numbers ca.n be easily inserted 
later. For example, 

&OU,.JUUIU.llu=uPERIOD•NOISTu+u0.1•PROB 

3.3.5 Sequencing 

Column, 73 through 80 are ignored by the Fortra.n compiler but are printed as 
part of the compilation listing. These columns may be used to contain sequence 
numbers, so that if the program is on cards and the card deck is dropped, it may 
be easily put back in order by sorting on the sequence number,. As cards are very 
seldom used nowadays, sequence numbers are not often used. The program name 
may be put in the first four columns of thie field , with numbers in the next four 
columns . As in the case of statement labels, the numbers may be incremented by 5 

• 

• 

• 



• 

• 

• 

Chapter 3. Program Layout and Input/Output 21 

or 10 to allow for lines that may need to be inserted at a later stage. Programs for 
this course do not require sequencing. 

3.4 Structure of a Fortran Program 
A program consists of a number of lines of Fortran statements. The program is 
executed sequentially, &tarting at the first executable etatement. A comment is not 
executable. The execution of each statement is completed before going on to the 
next one. 

3.4.1 End Statement 

The physically last statement in a program must be an EID statement and must be 
placed anywhere in columns 7 through 72. This statement indicates to the compiler 
that this is the last statement to be compiled. 

3.4.2 Stop Statement 

When a STOP statement is encountered, the execution of the program terminates. 
There must be at least one STOP command in a Fortran program. Remember 
the difference between compile time and execution time, as covered in Chapter l? 
Understanding this difference will help in understanding the different functions of 
the EID and STOP statements. 

3.4.3 Simple Fortran Program 

So a valid Fortran program is 

Thi• i• a eaaple program. 

a= 2.0 
b=3.0/a 
STOP 
EID 

Each of these statements is entered on a separate line. A program may have several 
STOP commands, but only one ElfD directive. Note that there is no output from this 
program, and that values of variables are not kept after the program stops. 

3.5 Reading and Writing in Fortran 
Programs must converse with the outside world, to locate any data to operate on, 
and to display or save the results of any calculation. In batch mode this is done 
with data files for input and a log file or other files for output. When running 
interactively you can read and write to a terminal that is executing the program, 
and also read and write to data files. Fortran statements to do this are known as 
Input/Output or I/0 statements. Initially we will use free format (sometimes called 
list directed) input and output, and only refer to the terminal for input and the 
terminal for output. Later we will discuss fixed format 1/0 and reading and writing 
data files . 
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3.5.4 Write Statement 

The WRITE statement is very similar to the RE.ID statement and has the form 

WRITE (6,•) output lbt 

where 'output list' is a liat of variable names or expressions, separated by commas, 
whose values are to be written out by the program. Analogous to the READ state-­
ment, the Hot indicates the variable names whose values are to be printed. Unit 
6 means that output is to be written to the terminal screen. Up to 132 columns 
per line are written. For example, to print the numbers that were read in the first 
example, the program could be 

RE.ID (6,•) veight, age, aoney 
WRITE (6,•) vdght, age, aoney 
STOP 
EID 

Try this program on the computer so that you may see what happens. Don't forget 
to enter a line of data with the three numbers on it. 

3.5.5 Examples of Read and Write Statements 
RE.ID statements should be used to read data that may vary from one run of the 
program to another. Consider the following problems 

L Find the average of the ten numbers 1.3, 2.4, 5.4, 6.3, - 3.7, 0.0, 13.4, -12.0, 
17.7, -21.3. In this problem, all data has already been defined and so there 
is no need to read any data. The program would be 

Find the average of ten ■pecified nU111bera 

fnWl = 10,0 
a.ver = (1.3 + 2.4 + 6.4 + 6.3 - 3.7 + 0.0 + 

$ 13.4 - 12.0 + 17,7 -21.3)/fDWll 
WRITE (6,•) a.ver 
STOP 
EID 

2. Find the average of any ten numbers. In this problem, the values of the ten 
numbers are not known when the program is written. Thus, they must be 
supplied as data and so must be read by the program which could be as follows 

Find the a.verage of a.ny ten numbers 

fDWl = 10.0 
READ (6,•) val1,val2,val3,val4,val6,val6,val7, 

$ val8,val9,val10 
aver = (val1+val2+va13+val4+val6+val6+val7+ 

$ val8+val9+val10)/fn1111 
WRITE (6,•) aver 
STOP 
EID 
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Note that the program can only read real numbers. The program would have 
to be altered to read integers. 

3. Find the average of any number of numbers. Now, not only the values of the 
numbers, but also the number of numbers, a.re not known when the program 
is written. The program would thu.s have to read a value indicating how many 
values there were, &nd then read that many values. It is not yet pouible to 
write this program, but it will be set as an exercise later. 

3.6 Writing Out Heading Information 
The method below of writing out headings is not standard, but because it is easy 
we will use it initially, and will discuss the more standard method later . The output 
of numbers on their own is quite often confusing to interpret. Tables of figures in 
books and even single results usually have some accompanying text to indicate what 
the results mean, or how they were obtained. Fortran prints headings on the output 
with WRITE statements. To write a heading that will appear at the beginning of a 
list of values that are to be written on a line, include the heading in the output list, 
enclosed in single quotes. If you want to include a quote symbol within the heading 
itself, then the quote must be followed immediately by another quote. For example, 
to write out values for variables ecclH and jia after a heading of Goon with the 
vand , the statement is 

WRITE(6,•) 'Goon with the wand', ecclH, ji.m 

Headings may be written out on their own, without any variable values. In this 
case the corresponding WRITE statement simply has the heading on its own. For 
example, to write out 

Min, Min, mighty aodern Min 
Henry, what have you done vi th the paper? 
J.h Min, it' ■ in the bolC aarked. 3 

the following lines of Fortran may be used 

i • 3 

• 
WRITE (6,•) 'Mill, Min, aighty aodeni. Nin' 
WRITE (6,•) 'Henry, •hat have you done with •, 

'the paper?• 
WRITE (6,•) '.lb Nin, it'' ■ in the bo:1: auk.eel', i 

3. 7 Program Debugging and Diagnostics 
The source program is entered into the computer and becomes input to the Fortran 
compiler. If the compiler detects any errors it writes me88ages describing the errors. 
These messages are called diagnoatic,. Errors in a program are often referred to 
as bug, and the process of submitting a program for compilation, examining diag­
nostics, resubmitting the changed program, and repeating this, is called debugging 
a program. The compiler will detect most errors in the ,ynfo:z: or grammar of the 
Fortran program. The ,emantic, or meaning of the program may still be 'wrong'. 
The answers may be wrong in that they may not be the desired ones, but the fault 
is not in the computer or the compiler. In this case the fault is with the author of 
the program, who either has a faulty algorithm or has failed to correctlY transform 
the algorithm into a program or has faulty input data. 

• 

• 

• 
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3. 7.1 Debugging Tools 

Intermediate Output - A program is normally written to solve a problem and 
output an answer. If a program is producing incorrect answers, the errors 
must be located and fixed. In theory all errors can be located by reading the 
program and examining the input data, but many errors are difficult to locate 
this way, due to their subtlety and the complexity of some programs. Some­
times it is difficult to know in which part of a program an error has occurred 
- indeed, even to know which parts of the program have been executed, and 
in what order. Intermediate WRITE statements within the program enable you 
to easily follow what is actually happening - this may then be compared 
to what should be happening and so errors may be localised, detected and 
corrected. The WRITE statements may then be removed from the program. If 
the value of the answer is incorrect then the programmer may request inter­
mediate output of the values of some variables, at key points in the program 
such that the programmer has some idea of what their value should be. Then 
he can, hopefully, deted where the incorrect values first occur and so detect, 
or at least narrow the search for the location of the error. 

Simple Test Data - Choose simple input data for which there are known an­
swers and see that the program will produce the desired results. The design 
of test data is very difficult and is usually not exhaustive. The test data 
should cover extremes as well as typical data. 

Desk Checking - This is a hand calculation performed by the programmer going 
through the program step by step. At each step the necessary calculations 
are performed, and the values of all the variables are recorded. By 'each step' 
it is meant each instruction or part instruction in the program. In a sense 
the programmer is to 'play the role of the computer' . The objective is not to 
check the arithmetic of the computer, but to force the programmer to focus 
attention on each detail of the program. 

Manufacturer-supplied Debugging Aids - Some Fortrans come supplied with 
a debugging package. There are two types of debugging aids available - in­
teractive and static. These aids enable you to trace through the program, 
print out values of variables when they change, do subscript checking and 
many other things. 

3.8 Exercises 

Exercise 3A 

Write a program to do the following - Read in 4 numbers. The first two should 
be real, the next two should be integer. Write out the numbers in reverse order. 

Exercise 3B 

Write a program to do the following - Read two integers i and j. Do the following 
calculations and write out the results. 

k = i+j 

l = i X j 
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Exercise 3C 

Write a program to do the following - Read a positive real number . Place the 
integral part (ie, the whole number part) into a variable called IIT and the fractional 
part into a variable called FRACT. Write out the number and IIT and FRiCT. For 
example , if the number is 53.261, then IIT = 53 and FR.lCT = 0.261 

Exercise 3D 

Write a program to do the following - Read in two real numbers . Calculate the 
difference between the fi rst one squared and the aecond one squared. Write out the 
the two numbers, their squares and the difference. 

• 

• 
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Chapter 4 

The If Statement 

4.1 Relational Expressions 
A Relational Ei:prea,ion compares the values of two arithmetic expressions. The 
expreuiona are separated by a relational operator and the result will have the value 
true or /o.l,e, corresponding to the result or condition of the relatK>n . The relational 
operat.on are 

.LT. 

.LE. 

.EQ. 

.NE . 

.GE. 

.GT. 

meaning Iese than 
less than or equal t.o 
equal to 
not equal to 
greater than or equal to 
greater than 

Some examples of relational expressions are 

1. pay .LT. credit 

The arithmetic expressions involved here are simply single variables. The 
relational expression will have the value TRUE if t he value of the real number 
stored in pay is less than the real value stored in credit . Otherwise (i.e., if 
pay is greater than or equal to credit), it will have the value FALSE. 

2. n.urlr.••2 . GE. ■in .. 3/ko 
Here the arithmetic expressions are a little more involved. The relational 
expression will have one of the following values. TRUE if nurke•2 is greater 
than or equal to ain••3/ko or FALSE if nurke•2 is less than ain .. 3/lto 

3. Brackets may be used within the arithmetic expressions involved, as in 

(kolMice) / (aa.n-kg) .. 4 + 7 .EQ . (( ■in• - iodine)•3) .. jevel 

Relational operators have a lower order of precedence than arithmetic operators, so 
the arithmetic expressions are evaluated first. 

4.1.1 Use of .EQ. With Real Varia bles a nd Constants 
The computer cannot represent m06t real numbers exactly due to the nature of 
storage of these numbers in a. fixed size memory word. For example , in decimal 

27 
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arithmetic, l cannot. be represented exactly in 6 1ignificant digits, and is approxi­
mated by 0.333333. If this is then multiplied by 3, then you have {approximately) 
0.999999 which ia not exactly equal to 1.0 . Also, erron may be introduced when 
performing arithmetic operations on real numbers. For these reaaon.s, it may not be 
meaningful to form a relational expression using ,EQ. between two real arithmetic 
expreeeiona. For example, 0.1 cannot be represented exactly in a computer word 
and in fact could be 0. 1 + • where • is a very small error. If this i11 then multiplied 
by 10, the result is 

10 x (0.1 + e)::::: 1.0 + 10 x e 

which hM ten times •· Hence, 10 x 0.1 is not ezadly equal to 1.0 

4.2 Logical Expressions 

A logical expreuion is a relational expreuion, or a combination of relational ex­
pressions. These expressions may be combined with logical operators. The logical 
operators &re:-

.OR. meaning logic.al disjunction, and 

.AND. logic.al conjunction . 

The logical expression a . HD .b is TRUE if and only if both the logical expressions a 
and bare TRUE. The logical expression a.Oil .b is TllUE if and only if at leaat one of the 
logical expressions a and bis TllUE. (i.e. it is an incluaive or) .. HO. has precedence 
over . Oil. Arithmetic operators have precedence over relational operators, which 
have precedence over logical operators. If in doubt, use brackets. For example, the 
logical expression 

jill .EQ. jact•:2 . OR . jack .GT. 0 . .l■D. jack . LE . 100 

is equivalent to 

(jill .EQ. (jact•:2)) .Oil . ((jact .GT. 0) . .l■D. (jack .LE. 100)) 
2 1 e 3 6 

The numbers show the order of evaluation . 

4.3 Logical If Statement 

A logic.al IF statement is of the form 

IF (logical expression) S 

where the logical expression is as described above, and Sis any executable statement 
except a DO statement, another logical IF statement or any block-If command. The 
logical expression is evaluated, and if it has the value TRUE, the statement S is 
executed. If the value of the expreBBion is F.lLSE, the statement S is not executed. 
N.B. In either case, control then passes to the next statement. 

• 

• 
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4.3.1 Examples of Logical If Statements 
1. It pay is leu than 4000.00, then increaee pay by 275.25 

IF (pay .LT. ~000.0) pay• pay+ 276 . 26 

2. Read a line of input dat.a. If the integer on it is equal to 7, then read another 
line. 

RUD (6,•) nuabu 
IF (nuab•r .EQ. 7) 1\EiD (6,•) nwa 

3. Read a line. If the number on the line is 99 then atop. 

R.liD (6,•) nua 
IF (nua . EQ . 99) STOP 

4. Test if salary is in the range 50,000 to 100,000 and writ.e out a message 11aying 
'Fat Cat' if it is. 

IF (salary .GE. 60000 . 0 .AID . ■ alary .LB. 100000.0) 
t VJlITE (S,•) 'Fat Cat' 

4.3.2 A Common Error With If Statements 
How do you execut.e one of two stat.ementa depend ing on whether a test is true or 
false ? Supp011e that you want to test to see if pay is less than starH. If it is, then 
add 250.0 to pay, but if it is not, then only add 100.0 to pay. One solution, which 
is incorrect, may be 

IF (pay .LT. ■tarn) pay • pay+ 260.0 
pay ~ pay + 100.0 

This will not work because if pay was less than starve then we would add on 250.0 
to pay, but then we would also add on 100.0. It is true that it would work in the 
case of pay being greater than (or equal to) starH, as we would only add 100.0 . 
So, another att.empt at a solution lead11 us to another erroneous answer 

IF (pay . LT . star.-e) pay • pay+ 260.0 
IF (pay . GE. ■tarn) pay • pay + 100.0 

Why is this wrong? It seems to work: if pay is leu than ■tarn then we will add 
on 250.0 and then we test again and only if pay is great.er than or equal to etarn 
do we add on 100.0 . This work.a sometimes, but if pay lies between ■tarn and 
■tarn - 260 .0 then pay will be increased by 350.0! Try it in the case of ■tarn 
having the value 4000.0 and pay having the value 3950.0 . The following solutions 
will work 

IF (pay .LT. ■tarn) addon. • 260 .0 
IF (pay .GE. ■tarve) addon • 100.0 
pay = pay + addon 

Compare this with 
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IF (pay .LT. ■tarn) pay • pay + 160.0 
pay • pay + 100.0 

IF (pay .GB. ■tarn} pay •pay+ 100.0 
IF (pay .LT . ■tarn) pay• pay+ 260.0 

4.4 Block-If Statements 

Ao Introduction to FortCAD 

The logical IF statement above is limiting in that only one statement is allowed after 
the logical expression on the IF. 1977 standard Fortran introduced a construction 
known as a block-IF, that allows several Fortran statements to be executed as a 
result of one logical test. Further, it incorporates an ELSE mechanism which can 
be used to specify a block of statements that are to be performed if the logical teat 
comes out false. 

4.5 Block-If Terminology 
Block-IF -The name of the IF group of statements. It starts with an IF .• . ... TBEI 

statement (see below) and ends with an DD IF statement . 

IF-block - The group of lines that lie between an IF . .... . TBEI' and the next 
ELSE IF , EI.SB or EID IF statement. 

ELSE-IF-block -The lines that He between an ELSE IF statement and the next 
ELSE IF, ELSE or DD IF. 

ELSE-block .:_ The lines between an ELSE etatement and the following EID IF 
etatement. 

4.6 Basic Block-If 
The form of the block-IF ie 

IF (logical expreseion) THEN 

Lines of Fortran The IF-Block 

END IF 

The IF .... TIU etatement muat appear on a line of ite own. A etatement cannot 
be put after the TBEI on the same line! The El'D IF statement must also be put 
on a line of ite own. The logical expression is evaluated. If it has the value of TRUE 

• 
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then all the lines o( Fortran in the If-block are executed. IC the value o( the logical 
expreeeion ia FALSE then the program skip1 the IC-block and continues execuLion 
with the statement immediately following the DO IF statement . Any executable 
statement or comment may appear within the If-block, including another block~If. 
In this cue o( nested block-Ifs there mlllt be an EID IF tb&t. correapond, to each 
IF ... ..... TBD 

4.6.1 Examples 
1. Read in a value for ■alary and i( it is negative then write out a message and 

stop the program. If it is non-negative, then write it out and go on with the 
program. 

READ (6,•) aalary 
IF ( ■ alary . LT . 0) TBEI 

WRITE (6,•) ' legatin ■aluy i■ ilhgal , 

STOP 
EID IF 

• 1 Ya.lue of •, ■a.lary,' wu read' 

WRITE (8,•) ' Salary: ', salary 

2. Read in a value for nua. I( nua equals O then re&d in another value (or nua, 
write out a message saying that baa been done and calculate values for half 
{balC of nua) and twice (2 times au) . 

R.E1D (6,•) nua 
IF (nua .EQ . 0) TBEI 

1\E&D (6,•) nua 
half • nua/2.0 
twice = nua•2 
VR.ITE (8,•) 'Second •alue of ', nua, • read' 

EID IF 

In this program segment, i( nua was originally read in aa non-zero then ha.If 
and twice would not have values. 

3. Same exercise as above, but iC the second value of nua ia less than 10, then do 
not calculate half or twice. 

R.E1D (6,•) nua 
IF (nua . EQ . 0) TBEI 

llEiD (6 , •) nua 
IF (nua. GE. 10) THE■ 

half = nua/2 . 0 
twice = nua.•2 

EID IF 
VR.ITE (6 , •) 'Second Ya.lue of ' , 1111a, ' read' 

EID IF 

4. 7 Else-If Block 

Any number of ELSE IF blocks may be in a block-If. The form is 
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IF (logical expreasion-1) THEN 

Lines of Fortran 

ELSE IF (logical expression-2) THEN 

Lines of Fortran 

ELSE IF (logical expreaion-3) THEN 

. de 

END IF 

Lines of Fortran 

An Introduction to Fortr;an 

An IF-Block 

An ELSE IF-Block 

An ELSE IF-Block 

There ia only one EID IF and that BID IF corresponds to the whole block-If. 
The uae of BLSB IF within a block-If ia to test a logical expreuion and if it ia true 
then execute the commands in the Elee-If-Block. IC the logical expression ia false, 
then go to the next ELSE IF and test that exprenion. When eventually a value 
of true is found , the corresponding block of statements ia executed, and then the 
program ■kipa t.o the BID IF statement. More exactly 

1. Logical expreuion-1 is evaluated 

2. Ifit ianUBthen 

(a) the statements in the If-block ace executed. 

(b) the program skips all t he BLSB IF block, and continues execution fol­
lowiDI the BID IF. 

3. If logical expffllllion-1 ia FJ.LSB then skip to the next ELSE IF {or En IF 
if there ien 't an BI.SB IF) and evaluate the logical expre•ion there (logical 
expreaaion-2) . 

4. if the logical expreeeion is TRUE then 

• 

• 
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(a) the statements in the ELSE IF block are executed. 

(b) the program skips to the BID IF 
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5, If the k>gic:al expreaeion ia Fil.SE then ekip to the next ELSE IF (or EID IF if 
there isn't an ELSE IF) and evaluate the logical expression there. 

6. Repeat etepa 4 and 5 until eventually arriving at an EID IF. 

Any of these blocks can contain other (nested) block-Ifs, but one and only one 
EID IF statement exists for eacli. That is, there ia an UD IF etatement that 
corresponds to each IF .••. TBEI, but not to any ELSE IF .••. TBEI eta.tements. 

4.7.1 Example 

Read a number . Take the following action depending on its value . 

Value Action 
Read in 3 numbers and write out their average. 
Read in 2 numbers and write out the reault of 
raising the first to the power of the eecond. 
Rt:ad. in 2 numbers and if the eecond number is 
zero, then write out an error meaaage and atop . If 
the eecond number > 0 then calculate the value o( 
the first divided by the second. 

All input ia integer. 

RE.ID (6,•) nu.a 
IF (nua .EQ. 1) TBEI 

RE.ID (6,•) u. i:Z, 13 
&H • (i1+i:Z+i3)/3,0 
WRITE (8,•) • J.y1ra.g1: 1 , &YI 

ELSE IF (nu . EQ. 2) THU 
RE.ID (6,•) it, ipoHr 
ival • U••ipoHr 
WRITE (e,•) • Fow•r ca.l.cula.tion: • • iYal 

ELSB IF (nua .EQ. 4) TBEI 
RE.ID (6,•) n1, n2 
IF (n:Z .GT . 0) THU 

iquot • n1/n:Z 
WRITE (6,•) ' Int•g•r quotient : •, iquot 

ELSE IF (n2 .EQ . 0) THE■ 
WRITE (6,•) ' DiYilor of z1ro found' 
STOP 

EID IF 
EID IF 



34 A P Tntmdudion to Fortuo 

4. 7.2 Else Block 

The form of an Elle etatem.ent ia the word EI.SB on a line of its own. The Elae block 
(if present) must come after all Else Ir-Block, (i( there are any). Execution of the 
Else block will be done if all logical expreuiona (at that level of netting) evaluate 
to F.lLSB. The moat complex Corm of a block-If i, 

IF (logical expression-1) THEN 

Lines of Fortran An IF-Block 

ELSE IF (logkal exp,....,o-2) THEN 

Lines of Fortran An ELSE IF-Block 

ELSE IF (logical expreuion-3) THEN 

Lines of Fortran An ELSE IF-Block 

. etc 

ELSE 

Linea of Fortran Ail ELSE Block 

END IF 

The Else block will only be executed if logical expreaeiona 1, 2, 3 etc all evaluate 
to FJ.LSB, That UI, each logical expression is tested and if one is found that is TRUE, 
then the corresponding block is evaluated. Otherwise, the Else block is evaluat.ed. 

• 
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A simple example wiing ELSE is 

IF (pay .LT. starve) THEI 
pay = pay + 260.0 

ELSE 
pay c pay + 100.0 

EID IF 

This is the nicest solution to the problem discussed earlier in the chapter. 

4.8 Notes on Block-If in General 
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L To make programs easier to understand, use indentation within a block•lf. 
This way statements that fall into the block stand out from those that are not 
in the block. Use an indentation of say 3 characters for each level of nesting. 

2. Any executable atatement, comment or FORMAT statement (to be done later) 
ia allowed within any of the three different types of blocks. A statement must 
be wholly cont~ned within a block. 

3. In the next chapter, DO loops are covered. If a DO loop appears in a block, it 
must be wholly contained in that block. 

4. Chapter 7 introduces a GO TO statement, which transfers control to another 
part of the program. You are not allowed to GO TO a statement within a block 
from outside that block . 

5. Do not uae a block•lf etatement if there is only one thing that is to be done 
as a result of a test. In such cases use a simple logical If statement. 

6. Try to avoid very large block.Ifs. Large ranging block•lfs make it difficult to 
keep track Of where you are in a program. 

7. Try to avoid very deep nesting of block•lf11 (you are allowed 25 nested levels). 

4.9 Exercises 

Exercise 4A 

Identify the following relational expressions as valid or invalid. 

L ■plC .LB. 19+k 

2. lu .GT. au. 

3. cob .LT .. EQ. corn 

4. 14 .IE. 18 

5 .. EQ. 6 

6. (I+19)0; .EQ . j•l*(jj+i)/k 

7. p. GRT. q 

8.l.=.77 
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Exercise 4B 
Write a program to do the following - Read a line containing two integen. De­
termine which ia the larger one and write out the two integers with the larger one 
appearing first . 

Exercise 4C 
Rewrite the following using block-IF statement(s). 

READ (6,•) aaxin 
IF (maxin .EQ. 16) WRITE (6,•) 'Gotit' 
IF (mu:in .EQ. 19) forget = 0.6 
IF (■u:in .EQ. 10) forget • 0.0 
IF (■axin . EQ. 18) STOP 
IF (■u:in .EQ. 19) WRITE (C!I,•) ' Foud one' 

Exercise 4D 
Write a logical Irstatement that will test if A ia in the range (-0.00001,0.00001) &nd 
if it is, set A to 0.0 . 

Exercise 4E 

Rewrite the following using only one level of block-If (and so only one EID IF 
statement). 

IF (ind .EQ . 16) THEI ... 
ELSE 

i - • 

IF (1 .GT. j+4) TBEI 
:ic :: 19.6 
READ (6,•) y 
1 • 0 

ELSE 
IF (■ain .LT. i) TBEI 

coat = 19.0 
try = 14 . 2 

ELSE 
pay = 0.0 

EID IF 
EID IF 

EID IF 

4.9.1 Exercise 4F 

Write a program, complete with comment.& and informative input and output, to 
do some simple arithmetic for aomeone who runs the program. The program should 
ask the user to en.ter one of the following codes 

1 to add two numbers 
2 to subtract the second number from the first number 

• 
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3 to multiply two numbers 
4 to divide the tint number by the aecond number 

The program should then ask the user to enter the two numbers to be operated on, 
and then do the operation and print the amwer . 
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Do Loops 

The Do-loop is a mechanism which enables repeated execution of a block of code 
(i.e. a group of Fortran statements) a number of times, without having to write the 
group of statements repeatedly. An example of a simple Do-loop is 

D0261=-1,6 
RUD (6,•} nua 

26 WRITE (6,•) nua 

This loop begins with the Do statement and finishes with the statement numbered 
25. The loop is executed 6 times, with the variable i taking the value 1 the first 
time around the loop, 2 the second time etc. and finally, 6 the last time. The 
statements in the loop are executed each time. That is, a number is read in and 
written out again, 6 times. 6 lines of data will be read. The variable num is re-used 
for ea.eh new number that is read in. 

5.1 Do Statement 

The complete syntax of the Do statement is 

DO n i = ml ,m2,m3 

where 

1. n is the statement label of the last statement of the Do-loop, which must be 
physically later in the program than the corresponding Do statement. The 
range of a Do-loop is the block of statements following the Do statement, up 
to and including the statement labelled n . 

2. i is an integer or real variable and is called the Do-variable. The value of i 
may not be changed within the range of the Do-loop. 

3. a1, called the initial parameter, ■2, called the terminal parameter, and m3, 
called the increment parameter, are each an integer or real expression. ■3 is 
optional and it (and its preceding comma) may be omitted. In that case a 
value of 1 is assumed for a3. At the time of execution of the Do statement 
a3 must not equal 0. ■1, ■2 and ■3 may be changed during execution of the 
loop, but this will not change the number of times that the loop is executed 
or the increment used . 

39 
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5.1.1 Evaluation of the Do Statement 

A Do statement ia uaed to define a loop. The &etion following the execution of a 
Do atatement ia deecribed in the following atepa. 

l. The initial parameter, the terminal pa.rameter and the increment pa.rameter 
are converted to the type of the Do-variable, and the Do-variable i1 given the 
value of the initial parameter. 

2. An internal iteration counter ie established and it given the value of (112-■ 1)/■3 
+ 1 truncated to an integer. If this value ia negative, the iteration counter is 
set to sero. 

3. The iteration counter is tested. If the iteration counter ia 1ero, then the 
Do-loop becomes inactive, and the program continues with the statement 
immediately following the laat statement of the loop. If the iteration counter 
ia greater than aero, then all the statement. within the loop are executed. 

4. At the end of this iteration of the loop, the value of the Do-variable it incre.­
mented by the increment parameter {a3}, and the iteration counter it decre-­
mented by 1. 

5. Go back to step 3, and 10 on around the Joop until eventually the teet in step 
3 leads to the ~loop becoming inactive. 

So efl'edively, a Do loop will repeat all the statements from the one immediately 
a.fler the Do atatqnent up to and including the loop'• Jut statement . Thit will be 
done a number or timea, determined by ■1, ■2 and a3 (bearing in mind that the 
number of times could be aero). 

5 .1.2 Final Value of the Do-variable 

When the range of a Do loop it exhausted (i.e . when the loop variable baa a value 
that exceeds the terminal parameter on the Do statement), then control is pa.ued 
'out the bottom' of the Do loop. When this oecun, the value of the Do-variable 
r~tains its lut defined value, which ia the va!ue after the Jut increment, when the 
iteration count ii sero. 

5.1.3 Reatriction.s on the Last Stat~ment of a Do-loop 
Some commands are not allowed to be the Jut statement of a Do-loop. These 
commands are 

GO Ttl 
DO 
block-IP 
El.SB IF 
El.SB 
BID IP ...,,,.. 
STOP 
EID 

• 

• 
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5.2 Continue Statement 
The Continue statement is an executable Fortran statement which does nothing. 
When a Continue statement is executed, its effect. is a 'no operation', and the 
program will simply go on to execute the next statement. The main use of the 
Continue statement is as the last statement of a Do-loop. It. is a good idea to 
always end your Do-loope on a Continue etatem~nt. This way 

l. The loop is easier to alter 

2. The last statement stands out more 

3. The last statement is legal. 

5.3 Examples of Do-loops 
1. Read 3 line& of data and write them out. This will produce 3 lines of output. 

DO 20 i = 1,3 
&liD (6 .•) n11,ti••,1Wt 
VRITE(e.•) • Input Tal.UH ••r•:', Tal.i,ti.a•,11.ait 

20 COITIIUE 

2. Write all the even numbers between l and 100 inclueive . 

DO 30 t = 2,100,2 
WRITE (S,•) t 

30 COITIIUE 

3. Read &n integer from a line of data into the variable int . Now read int more 
lines and write them out. This is a very common method used to enable a 
program to procesa a variable amount of data. 

&liD (6 , •) int 
DO <10 i • 1,int 

READ (6,•) nua.bu 
WRITE (5,•) nu.btt 

40 COITIIUE 

4. Read up to 25 lines of data and write them out, until a line containing -9 is 
found, and then stop. This is another method of determining when there is 
no more data to read. 

D0601=1,25 
READ (6,•) nu.ber 
IF (nu.btt . EQ . -9) STOP 
WRITE (5,•)' Input Tal.ue i■ ', nuaber 

60 COITIIUE 

5. Suppose that we read in some population statistics for the years from 1960 
back to 1950 (in that order) and we wanted to write them out prefixed by the 
year to which they correspond . 
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DO eo iynr • 1eeo,1eso,-1 
ll&D (6,•) ipop 

Ao Introductiao to Forte&n 

VRITB ce,•) ' In • ,iy•ar, I the population .... ,ipop 
eo COffllUB 

This would write out 

In 1980 the population n■ IIIlllll 
In 1069 the population wa■ llllllll 
In 1968 the population WH IlllllII 
etc 

6. Read 10 lines ea.eh containing an integer, and print each number. When a line 
contain, the number -7, stop after printing the number. 

D0801 • 1,10 
RElD (6,•) ll\Ul~r 
WIITB (S,•) 'Input nuab■r = • , nuab■r 
IP (nuaber .EQ. -7) STOP 

80 COITIIUB 

5.4 Nested Do Statements 
It is p088ible to have a .Do loop wholly contained within another Do loop. This is 
known u 'nesting Do loope.' For example, 

D0361 • 1,16 

... code!. 

DO 26 j • 3,30,3 

Inner 

llliD(6,•) 1 DO outer 

LOOP > DO 

I 
26 COSTIIUB I LOOP 

I 
. cod■ B. I 

I 
36 COITIIUB 

•.• code C •• • 

The inner loop (down to statement number 25) ia aaid to be neeted within the 
otder loop (which rangea down to statement number 35). The operation of this 
example it &e follows. 

1. Seti to its initial value (1) 

2. Calculate the iteration counter for the outer DO 

• 

• 
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3. Test the iteration counter. If> 0 then go on. If-:$ 0 then go to step 12. 

4. Execute the code marked A 

5. Set j to its initial value 

6. Calculate the iteration counter for the inner DO 

7. Test the iteration counter. If> 0 then go on. If :SO then go to step 10. 

8. Execute the code in the inner DO 

9. At label 25: 

(a) increment j by 3 
(b) decrement the iteration counter of the inner DO 

(c) go to step 7 above. 

10. Execute the code marked B 

11. At label 35: 

(a) increment i by 1 
(b) decrement the iteration counter of the outer DO 

(c) go to step 3 above. 

12. Execute code marked C 

How many lines will be read in this example ? 

5.4.1 Rules for Nested Do-loops 

43 

An inner DO must terminate on or 6e/ore the last statement of the outer DO. This 
means that D~loops must not 'croes over'. The following nesting construction is 
illegal. 

DO 70 i ., 3, 17 

DO 80 j., 2,37 ,3 

70 COffIIUE 

80 COffIIUE 

The following construction, where the inner and outer Do loops finish on the same 
etatement, is legal. 

DO 90 j = 1,12 
DO 00 k • 3,17,2 

iO COITIIUE 

In this example the inner Do will be completed before control is returned to the 
outer Do, even though they have the same last statement number. There is a limit 
to the depth of nesting of Do loops. This limit is not defined in the ANSI standard, 
but m06t computers allow at least 5 levels, and usually a lot more, although very 
few programs ever need more than a depth of 3 . 
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5.4.2 Example 1 

Suppose we want to find out the average salary earned in different eleetoratee. We 
have a number of electorates to process and a variable number of people in each 
electorate. The program below will first read in a line of data indic&ting how many 
electorates there are. Following this there will be aets of ■alary data for each pereon 
in each elect.orate , one salary per line of data. The fint line in each electorate aet 
indicates the number of people in that electorate, and then following thU!I line will 
be that number of salary lines. Each salary ia a real number. For example if there 
were 3 electorates, with the following numbers of people in each: 

electorate 1 2 people 

electorate 2 4 people 

electorate 3 3 people 

Then the data would look like 

266.60 
291.86 

1'16.4-6 
202.M 
180.00 
176 . 10 

1:20.46 
133. 22 
110. 90 

an d the program would be 

Author: G. Nander 

Date: l owuber 1979 

Purpoae: 

earning $256.50 
$291.85 

earning $196.45 
$202.44 
$180.00 
1175.10 

earning 1120.45 
1133.22 
1110.90 

To flnd the anra.ge aalary ot' peopl• in a nuaber ot' 
•l•ctorat• • · The aTer a.g• in •ach • l •ctor•t• i • printed , 
and at th• end th• uera.g• ot' all •&.l.ariH h printed. 

Input Data: 

All input ia tree t oraat 

• 

• 

• 
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(A) Fir■t line 
contain• the total nuaber of electoratH (integer) 

(B) Following line• 
contain for each electorate : 
i) the naber of people in the electorate (npHp), 
ii) npHp aalariH, one real nuaber per line. 

VariablH Used: 

GRllD 

■ELECT 

■PEEP 
IPOP 

Sil.J.RY 
TOTAL 

the total ■alary earned by all 
the people 
the nuaber of el•ctorat•• 
the nuaber of people in an •lectorat• 
th• total nuaber of people in all 
•l•ctorat•• 
the salary earned by a person 
th• total 1alary •,;ned by an electorate 

READ (6,•) n•lect 
grand z o.o 
npop • 0 
DO 20 i • 1 , n•lect 

R•ad the nuaber of people in each electorate 

READ (6,•) npeep 

Read and total the aalariH in an electorate 

total • 0.0 
DO 10 .j = 1, npeep 

READ (6,•) ■alary 

total • total + salary 
10 COITIIUE 

Fora the ILY•rage for this electorat• 

&Yer • total/npeep 
WRITE (8,•) 'Th• av•rag• for electorate ',i, • i• • ,aver 

.ldd. to grand total 

grand = grand + total 
npop = npop + npeep 

20 COITIIUE 

Calculate and vrite out grand average 

4o 
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gan • grand/npop 
WRITE (6,•) 

An Cotrodur;tioo to fortw 

WRITE (8,•) 'J.Yerage of all' ,n•l•ct,• electorate ■ b ',gave 
STOP 
EID 

The output from this program, using the data above would be 

The average for electorate 
The average (or electorate 
The average (or electorate 

u. 
2 i, 
3 i, 

274 .17500 
188.49750 
121.52333 

Average of all 3 electorates is 185.21222 

5.4.3 Example 2 
Write out a aeries of headings for a monthly diary. There i1 to be a one line heading 
for each month of ucb year between 1975 and 1982. 

J.uthor : B. Nood. 
Dau : October U179 

Input: There 1a no input 
Purpose: 

To write out a heading ■aying the year and aonth for 
each ■onth betwHn 1976 and 1982 

DO 16 iyr • 1976, 1982 
WRITE(&,•) 1-------­

DO 10 ■onth = 1, 12 
VRITE(S,•) iyr, ■onth 
VRITE(8,•) 
WRITE(&'.) I ♦♦+++++++-+++++++++++++++ I 

10 CDITIIUE 
16 COITIIUB 

STOP 
EID 

5.5 Exercises 

Exercise 5A 

Identify the following statements as being true or false . 

1. Statement labels must be assigned sequentially. 

2. The largest statement number is 99999. 

3. Every Fortran statement must be assigned a statement label. 

4. Statement numbers may be variable quantities . 

• 

• 

• 
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5. S~tement numbers do not have to sta.rt in column 1. 

6. It ia valid to a.ssign the same statement label to several statement.a in a pro-
gram. 

7. A COITIIUB statement must be the laat statement of a Do loop. 

8. A COITIIUE statement may be used outside a Do loop . 

9. A Do loop must finish before another one may start . 

10. A COITIIUE statement must be labelled . 

Exercise 5B 

Ideiltify the following at&tementa u correct or incorrect Do statement&. 

1. DO 8 kan • j,Jt,l ✓ 

2 . DO n k.5 • 6,n,2>( 

3. DO 6 iJ • 1,12 J 

4. DO 692 3 • 1,lt / 

5. DO 91i1 01234 • 1,3,k )'. 

6, DO O k • 1,0.6 / 

7 . DO 88 Jr:irah • 1,Jt+4'f1 

8. DO 2 1 • •,2 

9. DO 7463 :fred • 1,n4a2,2 

10. DO 222 k =. j,5 

11. DO 1 • 1,9.,2 

Exercise 5C 

What is written out by the following groups of statements 

I. 

2. 

16 

Yp = 98.5 
j • HI 
IF (Yp .le. 52.3) WRITE (6,•) j 
j ... 
WRITE (6,•) j ill r-<rt '1 

DO 16 kx • 1,30,4 
IF (b .GT. 16) WRITE (6,•) b 
llC • lt:ic-1 
IF (lt:ic .LE. 13) WRITE (6,•) llC 
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Exercise 5D 
Assuming that there is one integer per data line, how many lines will be read in the 
following? 

I. D016i • 1,3 
DO 18 j = 1,4 

1• RElD (6,•) l 

2. D016i=1,3 
DO 14 j "' 1 , 4 

READ (5,•) l 
14 COITIIUE 
1• COITIIUE 

3. D016k • 1,3 
DO 14 j = k , 4 

14 RElD (6,•) l 
1• COITIIUB 

4. D016k=1,3 
READ (6,•) 1 
DO 14- j = 1 , 4 

14 READ (6,•) 1 
16 COffllUE 

,. DO 16 kk,. 3 , 8,1 
DO 18 la • 8,11,4 

16 READ (6,•) 1 

Exercise 5E 
What number would be written out in the following? 

DO 17 j • 17 , 38 , 9 

17 COITIIUE 
VRITE (6,•) j 

Exercise 5F 
Using a Do statement, add up all the even integers between 98 and 224 inclusive 
and write out the total. 

Exercise 5G 
Write a program to do the following - Read a line of data containing an integer 
indicating the number oClines to follow. Read in the rest of the data, one number 
per line, and determine the largest snd smallest number. For example, if the data 

12 .2 
16 . 4 
-7 . 1 
4.4 

• 

• 

• 
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the output would be 

Th• largest nuabu WU H5.4 
Th• ••all-■t nuab•r wa• -7 .1 

Exercise 5H 

If a stone i11 dropped into a well and is heard to strike the water after an interval of 
t seconds, the depth d in metres to the water level is given by 

82 82P•' d=-+st-- 1+-
g g • 

where • is the speed of sound in metres per second and g is the acceleration due to 
gravity in metres per second squared. Also note that 

Write a program to calculate d for t = 1, 2 ·and 3 seconds u11ing g = 9.807 and 
• = 331.6 . (Notes: Constants should not be calculated more than once. Units of 
measurement are important in some problems; e.g. do not mix metres and feet .) 
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Chapter 6 

Supplied Functions, Logical 
Variables, and Declarations 

6.1 Supp lied Functions 

There is a library of special functions available to any Fortran program. Any of 
these system-supplied functions is invoked by using the function name, followed by 
its list of parameters, as part of a Fortran statement. The parameter list is enclosed 
in brackets. For example, the function iBS will find the absolute value of a number. 
ABS expects one parameter, the name of the variable or constant whose absolute 
value is required. To find the absolute value of the variable bill and to store that 
value in the variable fred, the statement is 

fred = .lBS(b i ll) 

This could also be achieved by using the following statements 

f r ed = bill 
IF (bi ll . LT. 0. 0) fred "' -bill 

The use of the ABS function is a little clearer and certainly more concise. You should 
try to W:le functions extensively for this reason. A function is said to return a value. 
In the above example, the function ABS returns a value which is the absolute value 
of its parameter. 

6.2 G ener ic Functions 

Normally a function expects each of its parameters to be a particular type (ie. real 
or integer), and the result returned is of a particular type. However , 1977 standard 
Fortran introduced the concept of generic functions. These are special supplied 
functions that may be used with different data types as parameters to the function . 
Earlier versions of Fortran only allowed specific data types for any specific function , 
so, for example, the function to find the larger of two integers (MiXO) had a different 
name .to the function that found the larger of two reals (iMA.11). Now, the generic 
name MU may be used in either case. The only restriction is that parameter data 
types cannot be mixed. Later on we will see how you can write your own functions , 
and in that case you can only write specific functions , that must alwaya have the 

51 
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specific data typee you expect as their parameters . The list below baa some of the 
more common generic functions. The &bbreviations mean 

I type integer 
R type real 
P the type of the parameters used 

Function Result Number of 
Name Type Parameters Descrjption 

IIT I Truncated value of its parameter. 
RE.lL R Value of ita parameter converted to type 

real representation. 
ABS p Absolute value of ita parameter . 
KOO p Remainder after dividing pl (the first pa-

rameter) by p2 (the aecond parameter) . 
ie. leu.inder • p1-int(p1 / p2)•p2 

KU p >l Largest of it.a parameters. 
KIi p >l Smallest of its parameten. 

For a more complete list of functions see your Fortran manual . 

6.3 More Functions 

There are some more complicated function, such as the trigonometric functions sine 
and coeine that are used in the same way aa the functions described above. Some 
of the more common ones are 

Sll(real) 

COS(real) 

EXP(nal) 
SQRT(real) 
LOG(real) 

returns the sine of real number 
expressed in radians 
returns the cosine of a real number 
expressed in· radians 
returns the exponential of a real number 
returns the square root of a positive real number 
returns the natural logarithm of a real number 

Using a function to return a value is called a /.ndion re/e~nce. Note that some 
functions return real values (e.g. the function REAL) while others return integer 
valuee (e.g. IIT) . The n.mber and type of the parameters in & function reference 
are important and mu t be exactly what the function expects. In t he case of 
generic functions, the parameters may be real or integer {but not a mixture). The 
parameters in a function reference may be arithmetic expressions of the same type 
that the function expect.a. For example, to find 

the statement may be 

ana • SQRT( (:r.1 -:r.2) •• 2 + (y1 - y2) •• 2) 

• 

• 

• 
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Function references may be used wherever arithmetic expressions are legal, and have 
precedence over arithmetic operators. For example, to find the sum of the sine and 
cosine of the variable J., the statement would be 

an• = Sil(a) + COS(a) 

Another example may be to find the square root of the larger of two real numbers. 
This may be done by 

an• = SQRT (MJ.I (val1,val2)) 

So a parameter in a function reference may be another function reference, as long 
as it is a different function. 

6.4 Logical Variables 

So far the only variable types we have introduced are integer and real. Integer 
variables can store integer numbers and real variables can store real numbers. Now, 
we introduce logical variables, which can store the logical values true and false. 
Logical constants are written as 

.TRUE. 

. FALSE. 
meaning true 
meaning false 

A logical variable may be assigned one of the constant values . TRUE. or . FALSE. , 
or may be assigned the result of a logical expression. It may also appear in IF 
statements as part, or all of the logical expression in parentheses. For example, if 
nogood is a logical variable we can use it in 

IF (nogood) VRITE(6,•) 'Error found in data' 

The way to read the above statement is to say: 'If nogood is true then write out 
the message'. Note that the value of . TRUE. does not appear in the expression. 

6.4.1 Declaring Logical Variables 

Before using logical variables they must be declared by appearing on a LOGICJ.L 
declaration statement. These declaration or type statements should appear at the 
top of a program before any executable statements. They may be in any order if 
there is more than one. The form of a logical type declaration statement is 

LOGICJ.L <list of variables> 

For example 

LOGICAL poor, ■id, high, male, female 

The variables appearing on the list are called logical variables and must be treated 
as such throughout the program. Note that the first letter of the variable name has 
no special significance as the variable appears on a type statement . 
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6.4.2 Assignment 
Logical variablee may be aaaigned valuea that are true or falae . For example 

LOGIC&L ••ap, nd.ata 
••ap • .Fil.SE. 
IF (nua .LT. 0) Gdata = .TRUE. 

In this lut cue, if nua was not less than zero then endata would not have a value. 
A mudt better way, that would give endata a value of . FALSE. if nua was not less 
than zero and . TRUE. otherwise is 

•ndata = nua . LT. O 

6.4.3 Using Logical Variables 

Suppoee a program reads in a salary and that salary is classified as 

0 - 6000 poor 
6001 - 12000 aediua 

12001 - 20,000 high 
20,001 - 100,000 fat cat 

100,001 onvarda auapect error 

In a program we can classify this by 

LOGICAL poor, aid, high, fatcat, auap 
RUD (6,•) iwagH 
poor • iwagu . LE. 6000 
aid • iwagH .GT. 6000 .HO. bagu .LE . 12000 
high • iHfiH ,GT. 12000 . .llD. iHgH .LE. 20000 
fatcat • iwagea .GT. 20000 .HO . ivagH .LE. 100000 
auap • bagu .GT. 100000 

and then later in the program we can teat theae values and take different action 
depending on the w&ge classification as 

IF (poor) taxhit • taxhit - S . O 
IF C•id .OR. high) tu:hit "' tu:hit + 0. 76 
IF (fatcat) tu:hit z tu:hit + 7 .S 

This way we localite the classification ranges and then can refer to them using 
meaningful namea. If in the future we want to change this program by altering the 
range clasaifica.tions then we only have to make the change in one place, no matter 
how many times we refer to the ranges. Anot her example is in the processing of 
sex. Supp08e that we read in a classification of 1 meaning feaale and O meaning 
•al•. 

LOGICAL fn.al.e, aale 

READ (6,•) iaex 
feule • iaex .EQ. 
aale • i ■ ex .EQ. 

• 

• 

• 
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later in the prograa 

IF (fe•ale) jobfe■ = jobf• + 1 
IF (■ale) jobaal ::i: jobaal + 1 

6.4.4 The .NOT. Operator 

55 

The • JOT. operator is used to turn logical values (.TRUE. and . FALSE.) into their 
opposites. For example 

LOGICAL po ■, neg 
po■ ,. nua .GE. 0 
neg= .JOT. po• 

Now if po■ is . TRUE. then neg will be .FALSE., but if poa was .FALSE. then neg 
will be . TRUE. The . JOT. operator can also be used within an IF statement. For 
example 

IF (.JOT. endata) READ (6,•) more 

The READ will be done only if endata is .FALSE. Consider the setting ofma1e and 
:female above. Suppose that we wanted to set the logical variable errs ex to . TRUE. 
for any code other than O or 1, and to set it to .FALSE. otherwise. Then 

errsex = .IDT. (male .OR. :female) 

This is equivalent to 

errsex = .IDT. male .AID .. JOT. :female 

• JOT. has precedence over . AID. 

6.5 Type Declaration Statements for Integers and 
Reals 

So far, the IJKLMN naming convention has been used for distinguishing between 
integer and real variables. This convention may be overridden so that , for example, 
abc may be the name of an integer variable and IK the name of a real variable. A 
type declaration for numeric variables consists of one of the dedarations IJTEGER 
or REAL followed by a list of variable names separated by commas, specifying those 
variables as being of type integer or real. Some examples are 

IITEGER b 
REAL j 
IITEGER i, abc, root8 
REAL matrix ,number, x 

Type declarations must precede 8.11 executable statements. The variable i could have 
been omitted from the IITEGEJi statment and x from the REAL statement without 
effect. These names are already identified as integer and real respectively by their 
first letters. On the other hand, there is no harm in such ' unnecessary' inclusions in 
type declaration&. Thie may help to guard against failure to give the correct type to 
a variable whose name does not agree with the IJKLMN naming convention. There 
are various arguments for and against violating the default naming convention. If 
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you 1tick to t.he 1 to N default typing, then it is euier to follow the program, 
from the point of view of mixed type arithmetic, relating 1/0 list.a to data, and 
cheeking parameter typee in functions. If you dedare variables u being a particular 
type, then you can use more meaningful variable names to describe the contents of 
variables. 

6.6 Exercises 

Exercise 6A 

Use function references to return answers to be stored in either iana or ans de­
pending on whether the function returns an integer or real result. 

l. find the square root of b x b - 4.0 x a x c 

2. find the aine of 2.4 

3. find the larger of j and larg 

4. find the largest of a and big 

5. find the absolute value of •cc 

6. find the absolute values of i , ■, and a 

7. convert kkk to real 

8. find the square root of int 

9. find the largest of i and J: 

Exercise 6B 

Write a program to calculate the factorial of a number that is read in. Factorial n 
ia defined to be 

n! = n x {n - 1) x (n - 2) x ... x 3 x 2 x 1 

For example, 5! = 5 x 4 x 3 x 2 x 1 and 0! = 1. The factorial of a negative number 
ia undefined. 

Exercise 6C 

Replace the line(•) of Fortran following by a single line that will produce the same 
anawer in the indicated variable 

I. 

• = ij/t 
■ •ij- ■•lr. 

2. s■all 

IF (a. .LE . b) s■all .. a 
IF (a. .GT . b) s■all = b 

• 

• 

• 
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3. 

qverk = ion 
yip• = kan 

= qverk/yip• 

Exercise 6D 

57 

Write a program to find the average of a set of numbers which are read from input. 
Do this by first reading the number of numbers that follow, call it n, then read n 
more numbers and find their average. 

Exercise 6E 

For an unknown number of numbers, read the number of values that follow, then 
those numbers and find their average and standard deviation. The formula for 
standard deviation is 



SS An Introduction to Fortran • 

• 

• 



• 

• 

• 

Chapter 7 

The GO TO Statement 

Fortran statements are executed in order of occurrence, starting with the first ex­
ecutable .statement. Each statement is then executed in turn, and some action is 
performed. The GO TO statement has the form 

GO TO n 

where n is the statement label of an executable statement. Execution of the GO TO 
statement causes the statement identified by the statement label n to be executed 
next. The program then continues on from that point . Thus the GO TO statement 
m&y be used to transfer control to a statement other than the next one in sequence . 

7.1 Examples of Go To Statements 
Example 1 - Suppose we want to find the average salary of people who are 
defined as low Salary earners. A low salary is defined as one below $5,000 . The 
data that we have to process is entered as one sa1ary per line, and we are to process 
data until an end of file ie encountered. The way of representing the end of the file 
is dependent upon the machine used. 

One method -for solving the problem (the Algorithm) may be outlined as 

1. Initialise a salary total and worker number total to zero 

2. Repeat for as many salaries as there are 

(a) Read in a salary 

(b) If the salary ie greater than or equal to 5000 ignore it. 
( c) If the salary is less than 5000 then 

i. add it to the salary total 
ii. add 1 to the number of workers total 

3. When all salaries are processed calculate the average 

A program to do the above is 

c Author: 
C Date: 

L. Yamaha 
Sept 1979 

59 
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PurpoH: 

To calculat• the aTera.g• salary of peopl• •ho earn leH 
than tsooo . 

Input D••cription: 

Each line contain• an integer in frH foraat indicating the 
y .. rly salary of a worbr (in dollan) . 

ntot • O 
npHp • 0 

lead in and proc••• the •orlr.er• 
C 
10 llUD (6 , •,EIDc2O) isal. 

C 

IF (ieal .LT. 6000) THI 
ntot • ntot + 1•&1 
11.p••p • npeep + 1 

BID IF 
GO TO 10 

End of data , no• work out the •••rage 
Check for zero in cue there are no low •ag• earners 

20 COITUUE 
IP (npHp .EQ. 0) TBEI 

VRITB (S,•) 'lo low inco■e earner■ found' 
BLSE 

an • ntot/real(npHp) 
WRITE (S,•) 'Th• a·nrage salary of the ',npHp, 

t ' lo• in.co■• earner■ found ia • ,ave 
EID IF 
STOP 
EID 

Notice th&t there ia only one GO TO in the above program. If it were not for the use 
of t he block-if statement there would probably be two more GO TOa. 

Example 2 - Read an integer from a line of data and write it out. Continue 
thUI proceea until a line with -99 ia reacl. When thll happens , writ.e out a message 
and then atop. 

C Author: D•• 
Date : Sept 1973 
PupoH : To read integer■ t'roa input data and to 

li•t th• out 

C Input De•cription: 

• 

• 

• 
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Free forw.at input 
one integer per line, laat integer ■uat 
be -99 

C Restriction■: 

Only the last data line ■ay contain -99. 
If thi ■ is not pouible, then change 
the value of iatop 

iatop .. -99 
10 RE.lD (6,•) int 
C 

Teat for the end of data 

IF (int .EQ. iatop) TBEI 
WRITE (6,•) 'End ot job ' 
STOP 

EID IF 
WRITE (6,•) int 
GO TO 10 
EID 

7.2 Using Go To Statements With Do Loops 
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The last staterrient of a DO loop cannot be a. GO TO statement or a. logical IF state­
ment that contains a GO TO statement . It is not legal to jump into the middle of a 
DO loop from outside the DO loop. For example, the following is not allowed. 

DO 40 i =1,itreq 

20 COITIIUE 

40 COITIIUE 

GO TO 20 

It is possible to leave a DO loop by using a GO TO statement . If this is done , the 
control variable of the DO is defined and is equal to the most recent value attained. 
For example, 

■ax "' 4 
lov = 2 
D020i=1 , 4 

lov = lov+1 
IF (au .EQ. lov) GO TO 30 

20 COITIIUE 
30 WRITE (6 , •) 'The value of i is ',i 



62 An Introdudion to Fortran 

will print the line 

Th• 't'al.u• of i is 2 

7.3 Using Go To Statements With block-if 
It it illegal Lo jump into the middle of a block•if ( any of the three types of blocks) 
from out.aide a block. A CO TO that tranafers control within a block ia allowed aa is 
a b&nner of cont.rol Crom within a block to outside (provided that you do not GO 
TD the middle of another block or a DO). 

7.4 Reachability of Statements 
Every executable statement must be 'reachable' along some logic path of the pro­
gram. If some statement is not reachable, then an error should occur. Some corn­
puten will warn you but proceed and try to execute the program anyway, or they 
may not allow an at.tempt at execution until the problem bu been redified. It is 
alway, beat to eliminate all diagnoetica from your program, even if they are only 
warninga. For example, in the program 

i•ua ■ O 
1>0 20 i • 1.12 

20 il1111 • isaa+i 
GO TO 00 
UITI (t.•) •Jut a he&diq • 

eo STOP 
Ell) 

the VklTB atatement can never be reached. 

7.5 Some Common Errors With Go To State­
ments 

1. Two 1tatementa having the same label. 

2. The label referred to by the GO TO ia miMing. 

3. Having an unlabelled statement aft.er a GO TO statement - this statement 
will be unreachable. 

4. Generation of an infinite loop by putting GO TO an earlier 1tat.ement without 
any proper 'eec.ape line' in between, to get out of the k>op. For example, 

(a) 10 i '"' 1 + 1 
i • i - 1 
GO TO 10 

(b) i • 6 
10 1 • i+1 

IF (i .EQ . 0) GO TO 20 
GO TO 10 

20 COITIIUE 

• 

• 

• 
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7.6 When and How to Use the Go To 

A program is easiest to follow and thus easier to get running successfully i( it baa 
'forward control' which refers to branches always going down the program. This is 
sometimes not p088ible, nor desirable, as shown in the first example in this chapter. 
Given that there are valid cases (or using the GO TO there are still different program 
deeigns available, some of which are considered better than others. For example, 
consider the two blocks o( code below (which ace equivalent) 

IF (pay .GE. 8600.0) GO TO 10 
GO TO 20 

10 pay • paJ + 260.6 
nrich = nricb + 1 

20 COITIIUE 

IF (pay .LT. 6600,0) GO TO 20 
pay -= pay + 260.6 
nricb • nricb + 1 

20 COITIIUE 

By reversing the sense o( the test in the logical IF the second block of code contains 
one less GO TO and one less statement label. 0( course a much better way of doing 
this ie to avoid ueing GO TOs entirely, with 

7.7 

IF (pay .GE. 6600.0) THEI 
pay = pay + 260.6 
nrich = nrich + 1 

EID IF 

Comments and Go To's 

The GO TO statement may transfer control a long way away from where the test 
that caused the branch of control occurred. If this happens, then it is desirable 
to put a comment above the statement gone to detailing why it is that you have 
come here. For example, suppoee a program reads in data lines each containing an 
integer. If a value of 1 is read, then thia will indicate that the data lines following 
are personnel records. If a value of 2 is read this will indicate that the lines following 
are inventory data. 

C Read an indicator nriable 

READ (6,•) itype 

Te■ t the type 

IF (ityp• . EQ. 1) GO TO 26 
IF (itype .EQ. 2) GO TO 30 

tHt for furthu typH 
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Type 1 record found, procHa peraonn•l r•corda 

25 COSTIIUE 

Type 2 record found, proc••• in·un.torJ record■ 

30 COITIIUE 

7.8 Exercises 

Some of these exercises do not require the uae of GO TO statements. Where GO TO 
statements are not required, don't U9I! them. It can become a bad habit to use GO 
TO statements exceuively. 

Exercise 7A 

Write a program to evaluate 

l V•2 +om1p iU<O 

u= Jb'-,m'p ifk>O 

~ if k = 0 

a , b,p and k are to be read from a line of data. 

Exercise 7B 

Write a program to evaluate the exponential of z for evuy integer from 1 to 100, 
printing z and its exponential side by side. Run the program and aee what happens! 
(Note : exponential x is e"' - use the function EXP .) 

Exercise 7C 

For an unknown number of people, read an identification number and age (both 
integers) for ea.eh person. Print the maximum and minimum ages and the identifi. 
cation numbers com,eponding to their first occurrences. Write an algorithm before 
writing the program. 

Exercise TD 

Read the number of people in & survey. Then read an identific&tion number and 
the age and sex of e&eh person, Id, &ge and sex &re int.egert. Male = 0, Female 
= 1. Print the id, age and sex (print N.lLB or FEMALE) of e&eh person, and count 
the number of people over &ge 30. Write an algorithm before writing the progr&m. 
Comp&rtment&lize the problem, le&ving difficult pieces of the problem to be solved 
properly lat.er. Then wri~ a more detailed algorithm. 

• 

• 

• 
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Exerciae TE 

Write a program to read z and evaluate 

C082 z coe3 z coe20 z 
/=l+coez+-w-+~+ · •+~ 

where n! is called factorial n and is defined u 

n! = n x (n - 1) x (n - 2) x • • • x 1 

For example, 5! = 5 x 4 x 3 x 2 x 1 
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Chapter 8 

Subroutines 

8.1 Subprograms 

A program is & sequence of Fortran statements that is executed by a computer. 
The programs we have seen to date are referred to as main programs. Functions, 
such as the supplied functions, and subroutines, which we are about to study, are 
both called aub--programa. Main programs and sub-programs are called program 
unit-,. When a main program is executed, the computer starts by executing the 
first line and then proceeds sequentially according to the rules we have learned. A 
subprogram is also a sequence of Fortran statements. Execution of a subprogra.m 
is initiated by the main program, when the main program refers to the name of 
the subprogram, which invokes or call$ the subprogram. When the subprogram 
finishes, control goes back to the same or next statement in the main program 
and execution of the main program is continued. The main differences between 
subroutines and functions is the way they are invoked and where control is returned 
to. An example of a subprogram reference is the use of a standard generic function 
covered in Chapter 6. The statement · 

val = MJ.I(quant,z•na) 

is an example of a program calling the subprogram (in this case a function) named 
MJ.I. As well as referring to the subprogram by name, it may be required to supply a 
parameter list for the subprograrn to use. This is done by encl08ing the parameters 
in brackets after the subprogram name. The parameters provide a means of passing 
information to and from the subprogram. They are the only communication be­
tween the two program parts. Calling the function causes execution of t he Fortran 
statements that comprise the body of the function. So far we have not been able to 
see the lines of Fortran involved , as the system keeps track of it all for the standard 
Fortran functions. Now we shall see ways in which to create our own subprograms 
for which the lines of Fortran that make up the body of the subprogram must be 
supplied by us. 

8.2 Subroutines 

Subroutines have names that are from 1 to 6 characters in length composed of 
alphabetic and/or numeric characters with the first one being alphabetic (these are 
the same rules as for variable names). Some examples of valid subroutine names 
are below . 
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ADDEI 
Ft-7182 
J 
READ 
ROVE 

8.2.1 Calling Subroutines 

An £ntmductioa to FortCAU 

A subroutine is called by using the CiLL statement, which baa the form 

CALL nu• (paraaeter li ■t) 

where 'name' is the name of the subroutine. The parameter list is composed of 
constants, variables, function names and expression,, separated by commas . . The 
subroutine is called with actual parameters. As in the case with the functions -used 
so far, these actual parameters supply the subroutine with the actual values to be 
used. The subroutine may 

l. reference a parameter (i.e. ueei~La value), 

2. change the value of a parameter, provided that the actual parameter is a 
variable name, or · 

3. give the parameter a value if it doee not already have a value, provided that 
the actual parameter is a variable name. 

When a subroutine is c&lled, the actual parametera on the CALL statement are 
a.ssociated with the corresponding parameters in the subroutine. The parameters 
in the subroutine are called d11mmr parameters ( or may be referred to as forn1al 
parameters). The list of dummy parameters is kept in the first line of the subroutine, 
called the subroutine header. When the subroutine is called, the dummy parameters 
become 'alias' names for the actual parameteu. That is, they repreaent the same 
corresponding physical locations in the computer memory. The main program may 
call them one eet of names (actual parameters), and the subprogram another set 
of names (dummy parameters). However, both refer to the u.me physical objects. 
The winner of the 1977 Melbourne Cup could be referred to as No. 2, or "Gold and 
Black", but it is the same horse. If there are no parameters then the brackets may 
be omitted. 

8.2.2 Subroutine Statement 

The form of the subroutine header is 

SUBROUTIIE nu• (duaay parueter li ■t) 

The dummy parametera muat be variable names which are &SSociated with a list of 
actual parameters when the aubroutine is called. The dummy parameter list may 
not contain constants or expressiom. If the parameter liat is empty, the brackets 
may be omitted. The &880ci&tion between actual and dummy parameters is in the 
order in which the parameters appear. The first actual parameter is aaeociated 
with the first dummy parameter, the aecond actual parameter is aaeociated with 
the second dummy parameter, etc. To make the &880ci&tion pouible, both lists 
must correspond in 

1. the number of parameters appearing in each list 

• 

• 
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2. the type of the parametel'8 (integer or real) 

The lines of Fortran within the subroutine (called the body of the subroutine) use the 
dummy parameters. When the subroutine is called, references within the subroutine 
to dummy parametel'8 are really references to the corresponding actual parameters. 
The dummy parameters are so called because they do not exist as separate variables. 
No space in memory is reserved for them. They &re just alias names for the physical 
locations of the actual parameters. For example, 

tu:= 1.8 
C.tLL ■ub(tu:) 

SUBROUTIIE ■ub(ro■e) 

xyz = ro■e/2. 0 
WRITE(&,•) XJZ 

would have exactly the same effect as 

tu: :c 1.8 
pqr = tu:/2.0 
WRITE(6,•) pqr 

rose is just a name used by the subroutine to reference a real variable, which in this 
case happens to be known by another name in the main program. Since a dummy 
and actual parameter are the same location, any alteration in the value of a dummy 
parameter in a subprogram will also alter the value of the actual parameter in the 
main program. 

8.2.3 A Subroutine for Getting Into a Car 

Suppose that it is possible to write a subroutine in FoRGLISH, which is a mixture 
of Fortran and English. The following may then be a subroutine for getting into a 

SUBROUTIIE enter (car,door) 
1 . open the DOOR of the CAR 
2. move through the DOOR into the CAR 
3. close the DOOR of the CAR 

EID 

This Forglish subroutine would work equally well on any type of car. If it were 
called by 

CALL enter (holden,door) 

then the car referred to in the subroutine would actually be holden, as the actual 
parameter hold en is associated with the dummy parameter car. In the call 

CALL enter (ponche,door) 

the car referred to in the subroutine would be ponche. In the call 

CALL enter (dat■un,boot) 

the subroutine would now be used to get into the boot of dat11un. In the call 
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CALL enter (1111,cuopy) 

the ,ubroutine would now be URd to get into an f111. What would happen in the 
call 

CilL enter (gate,houH) 

Following through the subroutine, and 1U1110ciating the parameters together, we ge~ 
gate being aesociated with car, and houH being aaeociated with door. and the 
1ubroutine ii trying to 

t. op.n. the BOUSE of the GJ.TB 
2. aon through the BOUSE into the GJ.TE 
3. cloH the BOUSE of tb CATE 

What bas gone wrong? The 8880ciations are not what was intended. What was 
meant was houH to be uaociated with car and gate to be uaociated with door. 
In order to do this we ahould have put 

CALL .n.ter (houa,gate) 

The order of the actual parameten ia very important. The subroutine cannot tell 
if the order ia 'correct' or not. It merely 11et.1 up the &880ciations according to the 
order in which the parameters appear. 

8.3 Return and End Statements 

When a CJ.U. is made to a subroutine the following events occw: 

1. The auociation between actual and dummy parameters ill made 

2. The statements in the body of the subroutine are executed. 

The aubroutine must return control of execution back to the main program that 
called it, 110 that the main program may proceed with the lines of Fortran that 
follow the CALL. Thie ie: done by executing a P.ETUlll atatement in the subroutine, 
cauaing the execution of the main program to proceed from the line immediately 
following the CALL statement that cawied us to get into the subroutine in the first 
place. There muat be at least one executable llETUU statement in the subroutine. 
The need for conditional RETUU'a may reeult in there being more than one RETUU 
1tatement in a aubroutine. For example 

IF (naae .EQ . ■pume) I.ETUU 
RElD (6,•) ■Hag• 
VR.ITE (15,•) 'Found •••ag• of ', .. •ag• 
llE'lUU 

Thie part of the subroutine body says to return to the calling program in one of 
two ways. If the value of na■• ie: equal to the value of ■Jnaa• then return straight 
away. But if they are not equal, then read in a value for ■Hage and write it out 
before returning. 

The lut statement in a subroutine, or in fact in any program unit, must be an 
UD statement. 

• 
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8.4 Execution Paths Using Subroutines 

The use of 1:1ubroutines causes the execution path through the program to deviate 
at each CJ.LL, to execute the body of the subroutine until it reaches a RETIJRJ' to the 
caller, which then proceeds on. This sequence of events may be shown by following 
the numbers on the arrows of the diagram below. 

Main Program 

CALL adder( .. ) 

CALL tot( .. ) 

STOP 

END 

8.4.1 Program Structure 

SUBROUTINE adder(. 

RETURN 

END 

SUBROUTINE tot( .. ) 

RETURN 

END 

Many computers allow the subroutines to be set up so that they follow the main 
program in the one file. This 1:1tructure is one way of organising the main program 
and subroutines and is not necessarily the way that it is done by all Fortrans, even 
on the same computer. It is usually allowable to have each program unit in a 
separate file. In any case , the main program and each subprogram has its own EID 
statement . 
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8.5 Example of a Subroutine 

The Poet Office baa given you directiona to write a •ubroutine that will determine 
if a parcel may be posted, given the dimenaiom of the parcel and ita weight. The 
criteria for acceptance are 

weight < 10kg 
length +2x(width+depth) < 100cm 

We define the length aa the longeet aide, depth aa the smalleet aide, and width aa 
the remaining side. It should be up to the program to 10rt out which side ia which , 
eo that all that the program user baa to do ia to input the three dimensions in any 
order, and also the weight. 

8.5.1 Choosing Parameters 

We need to have parameters to palll!I to the subroutine and also a parameter that 
will be returned from the subroutine, ao that we will know if we can poet the article 
or not. So we ha'1e the fo1lowing 

Name 
SIDE! 
SIDE2 
SIDE3 
WEIGHT 
POST 

Type 
Real 
Real 
Real 
Real 
Logical 

Description 
One of the dimensions of the parcel 
One of the dimension.a of the parcel 
One of the dimensions of the parcel 
The weight of the parcel in kg. 
Will be aet by the aubroutine to 
. nUB. if the parcel can be poeted 
.FALSE. if the parcel cannot be poeted 

8 .5.2 Subroutine Header and Call 

The ,ubroutine header line will be 

SUBROUTIIE send (side1,aide:Z,•ide3,weight,post) 
LOGICAL post 

Note t hat we muat declare the type of post explicitly. The corresponding actual 
parameter in the main program will also have to be declared aa a logical variable. 
The , ubroutine call will have 5 parameter,. The firet 3 will be real and represent 
the dimensions of the parcel, the next ii nal and npreaenta the weight of the parcel, 
the lut ii logical and ii an indicator that we can teat to see if the parcel pa.Ned our 
teats. So, an example of the aubroutine uae will be 

LDGIC.lL ok 
DAD (6 ,•) ai, s2, s3, weight 
CilJ.. Hnd (11, ■2, ■3,weight,ok) 
IF (. ■OT. ok) VR.ITE(e . •) ai,s:Z,13,wdght,• h not acceptable' 

• 

• 

• 
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8.5.3 Subroutine Body 

The subroutine has to first work out which dimension is which and then see if both 
criteria are satisfied. 

SlJBROUTIIE ■ end (11idet, llide2, lide3, weight, poat) 
LOGICiL poat 

Work out which aide ia which. Length ia the longe ■t, 
depth i• the ahorte ■t, width ia the middle one. 

al = Nil (aidet, aide2, aide3) 
ad = NII (11idet, aide2, aide3) 
a• "" (aide1 + aide2 + aide3) - al - ad 
dill = al + 2 . 0•(av + ad) 
po11t = (Hight .LT. 10.0) .UD. (di■ .LT. 100.0) 
REnJRI 
EID 

Alternatively, 

al = Kil (Bidet, llide2, aide3) 
dv = (aide1 + aide2 + aide3) - al. 
di■ = al + 2•dw 
... etc. 

One disadvantage of the above subroutine is that we don 't know exactly what is 
wrong with the rejected parcel. We could overcome this in a number of ways 

l. Write out a message in the subroutine to say what (if anything) is wrong with 
the parcel, and still return the value of post as above, so that we would know 
how to process that parcel further (if required) . 

2. Return one of a number of values (rather than just true or false) depending 
on what waa wrong with the parcel. Then we would have to test this value in 
the main program and write out an appropriate message or take appropriate 
action. 

As an exercise, re-write the subroutine to improve its output (i.e. make it more 
useful). 

8.6 Using Subroutines 
Subroutines may be referenced from other subroutines as well as from the main 
program. Care must be taken to ensure that a subroutine does not call itself, either 
directly or indirectly. An example of calling subroutine A indirectly would be 
Main calls A, A calls B, B calls C, then C calls A again. 
The significant characteristic of a subroutine is that it is quite independent. It 
can be written in isolation from the main program. The main program need know 
nothing about how it works. It needs to know only its specification (i.e. what it does 
and how to call it). This means that it is possible to set up libraries of subroutines, 
so that once a subroutine has been written for, say, solving linear simultaneous 
equations or calculating standard deviations or correlation coefficients, it may be 
made available to other interested programmers, to be used by them as larger 
building blocks, or simply to save them the trouble of writing their own versions . 
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8. 7 Example 2 - Calculate the Area of a Triangle 
Problem - To ealculate the area of a triangle given the lengths of its aid~, and 
also to determine if the triangle is reasonable. A reuonable tria.ngle ia one where 
the sum o£ any two aidee is greater than the third. The stepe involved in writing a 
subroutine to do this are 

1. Cbo011e a name for the subroutine, say, tri, and decide on the dummy pa.­
rameten. Here the dummy parameters will be 

Name 
A 
B 
C 
AREA 
OK 

Type 
Real 
Real 
Real 
Real 
Logical 

Descrjption 
One of the length, of a side 
One of the lengths of a side 
One of the lengths of a aide 
The area of the tri&ngle 
Will be aet by the subroutine to 
• TR.UB . if the triangle is reaeonable 
.FALSE. otherwiee 

So we arrive at the heading line 

SUBROUTIIE tri ( a,b,c,ar•a,ok ) 

2. Next we write the body of the subroutine, to perform the desired operations 
on the dummy parameters. The entire subprogram ia then 

SUBROUTIIB tri ( a,b,c ,u•a,ot ) 

J.uthor : L. Landau 
Dat• : Sept 1977 

Modified. by L. Landau oct 1979 

Parueters with an • nezt to tha are altered. by this 
•ubroutine 

one dde of the triangle (real) 
one •ide of the triangl• (real) 

C OD.e ■ ide of the triangle (real) 
C • .&aEJ. the calculated. uu of the triangle (real) 
C • DIC .TllUE . if the triangle i ■ r u•onable (logical) 

. F.lLSE . if the triangle is not rea■onable 

If the triangle ie not reasonable an uea of O. O will 
be returned. 

• 

• 

• 



• 

• 

• 

Chapter 8, Subroutines 75 

To calculate the u ... of a triangle given its sides 
and to teet to He it the triangle is reasonable by 
en.euring that the su of any tvo sides Hceeds the third 

LOGICAL ok 
IF ( a+b .LE. c) GO TO 6 
IF ( a+c .LE. b) GO TO 6 
IF ( b+c .LE. a) GO TO 6 

Triangle is reasonable 

ok = . TRUE. 
s = 0.6 • (a+ b + c) 
area = SQRT( s•(s-a)•(s-b)•(s-c) 
RETIJRI 

Triangle ie unreasonable 

CDITIIUE 
olc = .FALSE. 
area = 0.0 
RETURI 
EID 

3. This subroutine can now be used by any program to calculate the area of any 
given triangle specified by the program. So when writing such a program, the 
programmer need not worry about finding areas of triangles, but can simply 
write 

CALL tri( ■ ide1,side2,bue,area,legal ) 

where ■ ide1, side2, bue have been given values in the main program at 
some point prior to the call, and legal has been declared as type logical. 

8.8 Common Errors 
It is important to note that there must be a one to one correspondence between 
actual parameters and dummy parameters. They must agree in 

1. Number of parameters - There must be the same number of actual pa­
rameters as there are dummy parameters, for ANY call of the subroutine. 

2. Type of parameters - There may be a mixture of real and integer param­
eters, but the respective types of the actual parameters must agree with the 
respective types of the dummy parameters. For example, if the subroutine 
has a first line of 

SUBRDUTIIE zot(i, adder ,last ,aver ,aany ,zz, corr) 

then the actual parameters would have to be of type integer, real, integer, 
real, integer, real, real, respectively . 
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8.9 Exercises 

Exercise SA 

Which of the following are legal statements ? 

1. CALL fred C•hJ, 2, not, a+b•c) 

2 , CALL SUBRDUTIIE nitch (z,y) 

3 . CALL enYironaent (trH, lad, 3•roek) 

4 . SUBROUTIIB enTir (trH, led, 3•rock) 

5 . SUBII.DUTIIE action 

6. SUBROUTIIB •ult (int, in2, out) 

7 . IF (n .eq . 0) EID 

Exercise SB 

Do any of the following statement.a correspond to a atatement in Exercise SA ? 

l. SUBROUTIIE fred (why, na, i2, au) 

2. CALL action (apHd) 

3. Cil.I.. action 

Exercise SC 

Write a subroutine to return the value of y , given the value of z, such that 

1 11=; 
If z is sere, return zero for the value of y. Write a main program to call the 
1ubroutine with the (ollowing values of z : 5, 0, 0.5 . 

Exercise 8D 

Write & subroutine which, given an angle in degrees , e.g. 37 .278, calculates degrees, 
minute., and seconds as integers. Take the seconds to the nea.reat integer. There 
are 60 seconds in a minute and 60 minutes in a degree. 

Exercise SE 

Write a subroutine to find the factorial of a number which ia supplied to the sub,. 
routine. Return the answer (do not print it in the subroutine) . 

• 
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Exercise SF 
Write a program to calculate "C .. for integers n and r. The formula is 

•c ___ n!_ 
.. - r!(n - r)! 

where r is less than or equal to n, and n and r are both greater than or equal to 
zero. Zero factorial is 1. Use a subroutine to calculate the factorial of a number. 
The main program should ca.ll the subroutine three times . . 
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Fixed Format Write 

So far, free field format haa been used with both READ and WRITE statements. It is 
p088ible to specify, in a FORMAT statement, the layout of each line to be printed. In 
order to do thia the asterisk in the WRITE(l!I,•) is replaced by a number which is 
the statement number of a FORMAT statement. The form of a FOR.MAT statement is 

FORJIIJ.T (field deacripton) 

where 'n' is a statement label and the field descriptors specify how an output line 
is to be laid out into fixed length fields into which values are to be written. When 
using this type of output, headings and strings may no longer appear in the output 
list on the WRITE atatement, but must be placed among the field descriptors in 
the FOR.MAT. The FORMAT statement is referenced when the corresponding WRITE 
statement is executed. A FORMAT atatement may be referenced by several WRITE 
statement.. The FORJIAT statement itself is non•e:tecutable. It may appear anywhere 
within the program, but it is not good practice to terminate a do-loop with a 
FORMAT. It may appear either before, after or nowhere near its corresponding WRITE 
staternent(s). The correspondence between the two statements is achieved via the 
statement number. For example, 

WRITE (6,103) lt, a 
103 FOIUU.T (field descriptors) 

The WRITE statement lists the names of the variables to be printed and the FORK AT 
statement contains field descriptors which will describe the fields for an integer and 
a real number, as well as any beadings. Field descriptors are inserted between the 
brackets of the FORMAT statement and are separated from other field descriptors 
by commas. A field descriptor defines the number of columns to be allocated to 
a number or char&(ter string, so the field descriptors consecutively allocate the 
columns across the line. 

9.1 Field Descriptors 

9.1.1 Blanks in the Output Line 

Print blanks in the output line with the I field descriptor, which has the form 

nI 
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where 'n' is the number of spaces to be placed in the printed line. The first character 
on an output line is not printed, but treated specially. For the moment, let us put 
11 aa the fint field descriptor so that the first character ia a blank (which is not 
printed). 

9.1.2 Writing Headings Using Fixed Format 
The headings should appear within the FORNiT sta.tement, enclosed in quotee. For 
example, 

WRITE (tl,104) 
104 FORMAT (11, 'SHOP IIVEUDRY', 261, 'GROCERY SECTIOI') 

writes the line 

SHOP IIVEITORY GROCERY SECTIOI 

Note that there is "no output list on the WJI.ITE statement, as no variables a.re to 
be written with the heading. Also note the difference between blanks in a Fortran 
statement and blanks to be printed in the output. Fortran statement.a may be freely 
spaced out to improve the readability of the program; whereaa blanks are printed 
in the program output by using the I descriptor or by p\ttting blanks in quotea in 
the FORMAT statement. So the above FORMAT is equivalent to 

104 FORMAT (' SHOP IIVEITORY', 

• 
9.1.3 Integer Field Descriptor 

GkOCEJlY SECTIOl 1) 

The field descriptor for printing integera has the form 

h 

where 

I is the letter I and indicates that an integer value will be printed in this fi eld. 

w is a number (that you must supply) and refers to the width of the field. The 
width of the field is the number of columns (or printing positions) allocated to 
the integer. It is the maximum number of digits that the number may have. 

For example, the statements 

int • -27 
WRITE (8,100) int 

100 FORMAT (11 , 16) 

will print the line 

uu-27 

where u indicates the blank character. The 11 in the FORMAT statement is not 
printed as a space. The 5 characters (viz , uu-27} come from the 16 in the FORN.lT 
statement. The number is printed right justified in the field with leading blanks to 
make up the required field width. If more than one value is to be written out, then 
there will be more than one variable in the output list, and there must also be a 
field descriptor to correspond to each variable in the output list . For example, if 
■en has value 12345 and lib has value 0, then 

• 
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WRITE (6,100) ■en, lib 
100 FORJl&T (1X,I8,I4) 

will produce the output 

uuu1234Suuu0 

81 

The IS is used to write out a value for ■en in th!! first 8 columns and the 14 is used 
to write out a value for lib in the next 4 columns. 

9.1.4 Real Field Descriptor 

The field descriptor for real numbers has the form 

Fv.d 

where 

F is the letter F and indicates that a real value will be printed in this field 

w is a number and refers to the width of the field 

d is a number indicating the number of decimal places to be printed. 

For example, the statements 

vice == -33.47 
WRITE (6,110) vice 

110 FOR.M&T (1I,F10.3) 

will print the line 

uuu-33.470 

Again, the 1X is not printed. The ten characters (viz, uuu-33.470) come from 
the 10 in F10.3. The three characters 470 come from the 3 in F10.3. Note that 
leading places are printed as blanks, trailing places are zeros, and columns for the 
minus sign (if there is one) and the decimal point are included in the field width. 
Formatting may be used to round off real numbers . This only affects the way they 
are printed, not the values stored in memory. 

9.1.5 Mixing Real and Integer Field Descriptors 

Of course it is possible to print out more than one number per line, and to have both 
real and integer numbers on the same line. When a mixture of reals and integers 
are written out in the one WRITE statement there must be an exact correspondence 
between the types of variables on the output list (integers or reals) and the types of 
field descriptors used (I or F). An F field descriptor in the FORMAT statement must 
correspond to a real variable in the output list in the WRITE statement, and an I field 
descriptor in the FOR.MAT statement must correspond to an integer variable in the 
output list in the WRITE statement. Field descriptors are separated by commas in 
the FOR.MAT statement, and variable names are separated by commas in the output 
list on the WRITE statement. For example , the statements 
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..... -= 10 . 3 
1 ■aall • -7.63 

11.ua • 23 
aint • -10 
Vll.ITE (6,120) aH, ■aall, nua, aint 

120 FOR.MJ.T (11, F7.2 , F7 . 1, 16, 18) 

will print the line 

uu10. 30uuu-7. 6uuu23uuu-10 

and 

WR.ITE (8,140) ave, aal.l, nua, ■int 

A a Introduction to Fart CAP 

140 FORIU.T (11 , F7 . 2, 31, F7.1, 11, 16, 201 , 18) 

will print the line 

uu1O. 3O1.1.JUUuu-7. 6uuuu23uuuuuuuuuuuuuuuuuui..uuuu-10 

9 .1.6 Repetition of a Field Descriptor 
Where two or more consecutive field descriptors are identieaJ in every respect, then 
a shorthand notation may be used. This is accomplished by writing the field de­
scriptor only once and prefixing it with a number indicating the desired number of 
repetitions. For example, the following FOM.lT statements are equivalent 

1. 180 FOIUIJ.T (11,16,16) 

and 

160 FORJIJ.T(1I,2I6) 

2. 130 FORJIJ.T(1I,F10 , 3,F10.3,F10.3,H,I3 , 13 , F10.3) 

and 

130 FORJl1T(1I,3F10.3,H, 213,F10 ,3) 

9.1.7 Combining Headings with Numerical Output 
The heading, or character string, is placed between quotes (as before) in the FOR.JUT 
atatement , and will be printed in the next n columns, where n is the number of 
character■ in the atring. That ill, extra spacea are not automatically put a.round the 
string. For example, the statements 

WRITE (15,160) 
160 FOJUU.T (11, ' Thia ia a heading') 

VII.IT! (S,180) He, aall, nua, aint 
180 FOIUl.lT (11, ' Va1ue ',F7 .2 ,' Bi there •, 

F7 . 1 , 16 , 16 , 61, •Kuaage') 

will print the lines 

This ia a beading 
Value 10 . 30 Bi there -7 . 6 23 -10 Neaaage 

Note t hat 61 in a FORN.lT statement is equivalent to ' uuuuu'• 

• 

• 

• 



• 

• 

• 

Chapter 9. Fjxed Format Write 83 

9.2 Print Control Character 
So far, the fin1t field descriptor in a FOJUUT statement hM been 11. This first 
character of every output line has the special function of controlling paper spacing 
and ia never actually printed. In standard Fortran, you can print 132 columns as 
the print control character ia not part of the output image. The character that is in 
the first column of each output line ia known as a print control character and has 
the following effect on the output 

(.;haracter Vertical Spacing Belote Prmtmg 
u (blank) one line (i.e. single spacing) 
0 (zero) two lines (i.e. double spacing) 
1 (one) skip to first line of next page (printer only) 
+ no advance (i.e. print on the same line) 

These characters are placed into the output line by putting them in quotes, i.e. 
• u • ( or 11), '0 •, • 1 • and '+ •. If a character other than one of those defined above 
is placed in column 1 of the output line, the result ia unpredictable. A '+' should 
only be used to underline headings , and not to set up a line of numbers with different 
WRITE statements. When printing output at a terminal , you must still allow for the 
print control character. 

Example - Print the values for variables ■in and ■u: at the top of a new page. 
Then write a blank line followed by values for the variables dollas and kost on 
one line. Suppose the values have been set up M 

■in : -126 
■u: : 2 
dollaa == 77. 2676 
ko■t = 10301 

then the following lines of program 

WRITE (6,170) ■in, -.x 
170 FORMAT (' 1 ', IS, 31 , 16) 

WRITE (6,180) dollu, ko■t 
180 FORMAT ('0' , F10.2, I 7) 

will print (on a new page) 

uu-126UUJUuuu2 
uuL.Uu77. 26uu10301 

9.2.1 Multi-line Format 

A slMh (i.e. / ) in a FORJIAT statement indicates that the current output line is 
complete and the next one is to begin. It does not need to be separated from field 
descriptors with commas. For example, 

WRITE (6,190) &Te, •■all, DUA, ■int 
190 FOR.NAT ( 1l ,2F10 . 3/1X,2!4) 

will print the lines 
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10.300 -7.630 
23 -10 

Note that. the 11 after the slash is required as it will be at the start of a new line and 
ia therefore taken aa a print control character. If n consecutive sluhes are written 
in aequence at the start of a FOIULlT statement, n lines are left blank before printing 
the first line. lf n consecutive slashes are written in sequence at the end of a FORK.IT 
statement, n lines are left blank after printing the last line . If n consecutive slashes 
are written in eequenee between other field descriptors in a FOIUU.T statement, n-1 
lines are left blank between the two sets of printed lines. 

9.3 Example of Formatted Write Statement 
Suppose the desired output is 

(new page) 
GROSS IICONE "' nn:x. u 
TAI PAID = lC.l:ll:r.. n 
SUPER. • xn:. lClC DEDUCTIOIS c :a::n:. xx 
NOITBS OF SERVICE = ux 

where z represents a digit. This will require 5 variables, the first four will be real 
and the last an integer. Assume the variables have these values. 

groH • 6847 .2 
tu: • 948.353 
auper "" 66.1 
d.ct • 2 . 65 
■onth • 95 

Then the WRITE and FOR.NAT statements arc 

WRITE (6, 200) groaa, tu:, aup•r, ded, ■onth 
200 FOllJl.lT ('1GR.OSS IICOKE., •, FB.2/ 

t 11 , 'TAI PAID', 51, •• •, FB.2/ 
t 11, 'SUPER ., •, F6.2, 51, 'DEDUCTI0IS • ' , FS.2/ 
$ 11, 'NOITBS OF SER.VICE • •, I3) 

It is not necessary to continue on to & new line of the FOR.NAT statement at the same 
point that a new output line is specified. it is not the continuation, but the slash, 
that cauaes a new output line to be taken. 

9.4 Design of Format Statements 
Format statements are often the source of errors 88 they can become quite complex. 
There are two things that may be done to simplify the task of format design. 

1. Before starting to write out the FOR.NAT statement you should first draw up 
a skeleton of the output that you require, marking in all the headings and 
blanks that are required, 88 in the example above. 

2. Use sensible continuation points. There is no need to go right up to column 
72 before going to a new line . Pick an easy break between field descriptors at 
least. 

• 

• 

• 
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3, Never continue a FORMJ.T statement (onto a continuation line) in the middle 
of a heading. Terminate the heading in a convenient place (e.g. on a word 
boundary) and then start again on the continuation line. So instead of 

VRITE(S,100) 
100 FORJU.T (11, 'The nuaber o:f politicians in the upper 

+house is liaited') 

put 

VRITE(S,100) 
100 FORM.AT (11, 'The nuaber o:f politicians in the upper •, 

'house is limited') 

Note the space after the word upper and the comma between the two head• 
ings. The output in both cases would all be on the same line. In the first 
case, the first line of the FORMAT statement uses all 72 characters even though 
'upper' ends in column 55, so 17 spaces will be printed between 'upper' and 
'house'. Remember that any characters after column 72 are ignored. 

9.5 Common Errors and Points to Note 
1. Trying to print a number that is too· large for the space allowed. Many corn• 

puters will fill the entire field with asterisks. The statements 

oops = -e. 236 
WRITE (6,210) oops 

210 FORMAT(11,F6. 3) 

will print the line 

2. Omitting the print control character. Remember that the first character of 
every output line is used for print control and is not printed. For example, 

i = 1234 
WRITE (6,220) i 

220 FORlUT(I4) 

will print the following line at the top of the next page 

234 

3. Using variables in a· FORMAT statement. 

Illegal : FJ .K 1!10 
Legal: FS.3 3!10 

4. Trying to write an integer using an F field descriptor or a real using an I field 
descriptor. The order and type of variables in the list of the WRITE statement 
must correspond with the order and type of field descriptors in the FORMAT 
statement. 

5. Trying to print more than 1.32 characters on a line. If this is attempted, an 
error occurs . 
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9.6 Exercises 

Exercise 9A 

Ao lntroduction to FoctrM 

Find the errors in the following Fort ran statements and suggest way• in which they 
might be corrected. 

1. '4ITB (6 , 230) k 
230 FORJliT ( ' Pinhhad the job') 

2. WAITE (6,240) rolled , ,ton-■ ,gatber,no,ao•• 
240 FOIUU.T (1l,2F10.2 , 216 , F3.6) 

3. 260 1 • 17 
DO 260 k• 3 , 49 
kElD (6 , •) i >f ,t 
VRITE (6,270) i 

270 FOIUl.lT (11 , F7) 
IF (i . "', 29) STOP 

280 COITIIUE 

Exercise 9B 

Bow many lines will be printed? 

VRITB (8,290) zap , baa,zowh,po• 
290 FOJUu.T (11, ' .l • • ,/, • • ,2F10 . 3, • B • ',F8 . 1/ 

•oc • •,n .1) 

Exercise 9C 

What ia the output from the following? 

jill • O 
zero • 0 . 0 
youn • US . 77 
tu • -688 . 21 
aarTin • 90062 
■in • -687 
jack "' 10 
in • 123466 
out • 6 . 4827 
•b:,not • 131 . 1 
WRITE (8,300) jill,jack,■in , aardn,in 

3 00 FOllNiT(tl , 616) 
VRITE (8,310) zero , youre,tu: ,out , wbynot 

310 FOllliT(tI, 6F7 .2) 

Exercise 9D 

Indicate whether the field descriptors on the left. are sufficient to print the numbers 
on the right and show what would be printed. 

• 

• 

• 
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j Field Descriptor I Number I Printed Result 

F5.l 676.71 

14 6381 

FlO.l 132.63 

F4.2 12.16 

no 99999 

Exercise 9E 

Consider two blocks a and b. Block a is a cube of side length h and block b has 
sides J:, 2k, 3k. Read in the values of h and k. Print your name and , after two 
blank lines, write the heading 

Comparison Of Surface Areas 

in the middle of the line. After three blank lines, write the following lines with their 
calculated values. 

Side of cube J.: 
Width of block B: 
Height of block B: 
Length of block B: 
Surface area of A: 
Surface area of B: 
Difference in surface area: 
Larger surface area: 

Exercise 9F 

Write a program to evaluate the sine, cosine, tangent, secant (1/cos), cosecant 
(1/sin), and cotangent (1/tan) of every integral angle from 1 to 89 degrees inclusive. 
Print the output in tabular form, with headings . 
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Chapter 10 

Fixed Format Read 

Fixed field format may also be used with READ statements. The data line is divided 
into fixed length fields as defined by field descriptors in the FORMAT statement. The 
field descriptora will specify the positions on a data line that will contain the values 
to be read. Thie now means that values will no longer be separated by commas 
in the data, but must be exactly within the columns specified. AB blanks take up 
columns, they are s ignificant , and in numeric data they are interpreted as zeroe. 
FOR!UTs corresponding to READ statements do not require a print control character. 
Data is read from column 1 onwards. 

10.1 Field Descriptors 

10.1.1 Integer Field Descriptor 
The integer field descriptor has the form 

Iv 

where w is an integer constant indicating the width of the field, which includes any 
+ or - sign t hat may be present. Consider the statements 

READ (6,100) number, next 
100 FORMAT (16, 14) 

If the input data line is 

uu346u-12 

then number will be set to 345 and next will be set to -12. For integer field 
descriptors, blanks in the data are interpreted as zeros , so if the input is 

u346uu-12 

then number and next will be set to 3450 and - 12 respectively. To read in 4 integers 
that are laid out on one line as 

Number Columns Wjdth 
l 1-4 4 
2 5 - 10 6 
3 11 - 17 7 
4 18- 19 2 

89 
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the Fortran ata.tement.s would be 

ll1D (6 , 122) jae, kinda, likH, nudH 
122 FORJU.T (H, IS, I7, 12) 

If the data line is 

Sl8715uu-12SIUUCJL..1Uli320 

An fntroduction to Fortr&n 

then the effect of the aBJ.D statement is the same as the four assignment statements 

jan.e • Sl8715 
kinda • - 12SI 
likH • 3 
nudH • 20 

Warning : Blada in input data are interpreted aa zero,. The following state­
ments 

lllD (6,134) kool 
134 FOIJUT (I.6) 

read an integer right-jU1tified in column, 1- 5. If the data is 

u2 

then tool will become the value 2000 , 

10.1.2 Real Field Descriptor 
The real field descriptor has the form 

Fv .d 

where 

w - i• an integer constant indicating the total width of the number (i.e. the total 
number of column.a it takes up), including any decimal point or sign. 

d - is an integer con.et.ant indicating how many columns are to be interpreted as 
following an implied decimal point. This 'd' is ignored if there is a decimal 
point in the number being read. 

Consider the following statement 

J.BJD (6,110) YaJ., eH 
110 FOIJl.lT (F10.3, F7.2) 

and the data line 

uuu12346e7uu-46892633 

The first value (to be read into variable nl) starts in column 1, and is 10 columns 
wide, the last 3 columns are to be interpreted aa being after the decimal point. 
So, val will be given the value 1234.567 . The reading then continues from the 
next column. The next 7 columns will contain the value for variable eve, the last 2 
columns to be interpreted as that part of the number after the decimal point. So, 
eve will have the value of -45.89 . Notice that the remaining columns are ignored, 
as there are no further variables on the input list. Remember, blanks are taken as 
zeros, and a decimal point appearing in the data will override the 'd' specification, 
in the Fv.d. For example, consider 

• 

• 

• 
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RE&D (6,123) Tice, ■quad 
123 FOllN.lT ( F10 . 3, F7 .2) 

and the data line 

uu47047 . 9uu-12t.AJU2346 

This will set vice to 47047.9 and ■quad to - 120.0. 

10.1.3 Reading Integers a nd Reals 
Integer and real values can both be read with the one READ statement. The FORMAT 
statement must reflect the types of variables that you a.re reading. It is an error to 
read in a real number '!,Sing I format , or to read in an integer using F format . These 
will either cause the program to terminate or to give incorrect results. Another 
common error is to forget to ensure that there is a correct correspondence between 
the number and type of format descriptors used, and the variable names in the 
input/output list. If this is not the case, then the computer may not tell you of an 
error, but will not store the number you want in the variable on the input list, or 
will not write out the correct value of a variable on the output list. Just remember 
that reala and integers are stored differently in memory. For example, supJ>08C we 
wish to read 5 numbers from a line of data; the first 2 real, the next 2 integer , and 
the last one real . Now we will have to reflect this in 6olh the READ input list, and 
in the FOIUtlT. So let us first cb00&e variable names of 

gr eat, blue, ■ovi•• • never, :tail 

Notice that the first two are real, the next two are integer, and the last is real . Now 
before we can go any further, we must specify where on the line of data the numbers 
are to go. 

Variable Columns Width 
great 1 - 7 7 
blue 8 - 16 9 

movies 17 - 24 8 
25 - 30 6 

fail 31 - 40 JO 

Assume that if there is no decimal point in a real number that we want the 
number to be interpreted as having 1 digit after the decimal point. Then, consider 
the statements 

RE&D (6,211) great, bl ue, ■oviea, nner, fail 
211 FORMAT (F7 . 1, F9 . 1 , 18, 16 , F10 . 1) 

and the following line of data 

uu23 . 44u- 8. 23899LAJUU21..a..11.A.11...-234ULA.JU981233 

You should verify that the effect of this is equivalent to 

great : 23. 44 
blue : -8.23899 
zoviea: 2000 
never • -234 
fail = 98123. 3 
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10.1.4 Skipping Columns on the Input Line 

To skip across (and ignore) columns in the input data, use a field descriptor of 

nl 

where n is the number of columns to skip over. For example, suppose we want to 
read a line that contains two integers. The first is in columns 10 to 15, and the 
second is in columns 55 to 60. So we want to skip over columns 1 to 9, read the first 
integer, then skip the next 39 columns, and read the second integer. The following 
would do this for us 

READ (6,102) mood, music 
102 FORMAT (9X, I6, 391, I6) 

10.1.5 Skipping Lines of Input Data 

As with WRITE statements, the slash may be used in FORMAT statements with READ 
statements to indicate that the current line is no longer required and that any 
further values should be read from the next line. For example, when the lines of 
data 

uu123uuu-12 
u-46104u56 

are read by the statements 

READ (5,130) more, lime, koopa 
130 FORMAT (15 / 14, 16) 

the variables more, lime, and koopa are set to 123, -46, and 104056 respectively. 

10.2 More Advanced Format Repeat Specifica­
tions 

This applies to FORMATS used for input or output. We have already seen that 
identical consecutive field descriptors may be repeated. For example, 

140 FORMAT (1X, F10.3, F10.3, F10.3, 14, 13, 13, F10.3) 

is equivalent to 

140 FORMAT (11 , 3F10.3, 14, 213, F10.3) 

Also, a whole group of field descriptors may be repeated by enclosing the group in 
parentheses and preceding the left parenthesis with an integer constant called the 
group repeat count, which indicates the number of times to interpret the enclosed 
group. Uno group repeat count is specified, a group repeat count of one is assumed. 
For example, 

150 FORJIIAT(1X, 2(F10.2/1X, 14), 21, IS) 

is equivalent to 

150 FORMAT(1X, F10.2/1X, 14, F10.2/1X, 14, 2X, 16) 

However, if the FOR"AT is used for a READ or WRITE statement where there are more 
variables on the 1/0 list than there are field dese1iptors in the FORJIAT, these two 
FORMATs may not be treated as equivalent. See the next section for an explanation. 

• 
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10.3 Interaction Between Read/Write and For­
mat Statements 

The number of values that will be read/ written is determined solely by the number 
of variables in the 1/0 list in the REJ.D/WRITE statement . The position of these 
values on the line is determined by the FORMAT statement. When a READ statement 
is executed, the next input line is read and thereafter additional lines are read only 
a.a the format specification demands (e.g. on encountering a slash in a FORMAT state­
ment). When a WRITE statement is executed, a new line is started and thereafter 
additional lines are started only a.a the format specification demands (e .g. a slash). 
Except for the effects of the repeat count, the format specification is interpreted 
from left to right . To each I and F field descriptor in a FORMAT statement, there 
corresponds one variable in the 1/0 list in the R.EAD/WR.ITE statement. To each 
literal (string in quotes) or X field descriptor , there is no corresponding variable in 
the 1/0 list . Whenever the format control encounters an I or F field descriptor in a 
FORMAT statement , it determines if there is a corresponding vari able specified in the 
1/0 list. If there is, the value of that variable is either read or written as specified 
by the field descriptor. If there is no corresponding variable, the READ/WRITE stops 
immediately. That is, the format continues until a corresponding variable cannot 
be supplied. For example, the statements 

a = 12.3 

b • 24 . 6 
C "' -66 , 8 
WRITE (15,160) a,b 

160 FOJUIAT(tl, 'Thill is a heading' / 11, ' A= ', F10.2/1X, ' B =•, 
F10.2 / 11, 'C = ', Ft0.2) 

will write the lines 

Thh i ■ a heading 
A • 12.30 
B = 24.60 
C = 

10.3.1 Even More Advanced 

If the format control reaches the last right parenthesis in a FORMAT statement, it 
tests to see if another variable is specified in the I/O list. If there are no further 
variables, then the 1/ 0 stops. However, if another variable is specified, a new line is 
started and format control reverts to the group repeat which is terminated by the 
second last right parenthesis, or if none exists, to the firs t left parenthesis. In the 
case of cycling back to a repeat group, the repeat count is used. For example , the 
statements 

ave = 1.0 
be■ t = 2.0 
count = 3.0 

total " 4.0 
tive .. 6.0 

WRITE (6,180) ave, best, count, total, five 
180 FORMAT (11, 'Fight=', F6 . 2, 3X, 'Ring=', F6.2, 3X, 'Bell') 
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would write out 

Fight • 
Fight • 
Fight • 

1.00 Ring = 2 . 00 Bdl 
3 . 00 Ring = 4 . 00 Bell 
6 .00 RiDg • 

Another example ia 

Ao Introduction to fortrnn 

WRITE (6,190) ave, Mat, count , t otal, tiv• 
190 FORJl.lT (11, 'Fight ' /2(11 , ' Rb.g =- ' , F6 .2) , 31 , 'Bell ', F6 . 2) 

T his would produce 

Fight 
Ring • 1.00 Ring = 2.00 Bell 3 . 00 
Ri ng "' 4 . 00 Ring :: S . 00 Bell 

The following output indicates what would be produced if the group repeat were 
expanded rather than being programmed as a repeat . 

WRITE (6,200) ave, beet , count, t otal , f i ve 
200 FORMAT (11 , 'Fight' / 11, ' Ring :: ' , F6 . 2, 11, ' Ring = ' , 

$ F6 . 2, 31, 'Bell ' , F6 . 2) 

This would produce the following (note the extra line of Fi ght) 

Fight 
Ring "' 1. 00 Ring : 2 .00 Bell 3 .00 
Fi ght 
Ring = 4 . 00 Ring :: 6. 00 Bell 

10.4 Reading/Writing Data Files 
Rather than reading data from a terminal and printing results onto t he terminal, 
Fortran can read and write data files directly by specifying a unit number other 
than 5 and 6. So, for example, the statement 

RE.ID(S,20) x,:,,z 

will read variables from the file connected to Unit 8. Files used for input are not 
restricted to 80 columns. T he default line length is 132 characters . Files used for 
output, other t han unit 6, are not t reated as line printers, so they do not t reat 
the first character on the output line in any special way. The default length of an 
output line is 132 columns. T here are statements in Fortran to OPEi and CLOSE 
data fi les. The form of these statements varies between computers. Some computers 
expect all data files to be opened (or defined), while others only expect files with 
non•standard characteristics to be defined . As the t reatment of data files is not 
standard, no fur ther detail will be given here. 

10.5 E)xercises 

Exercise lOA 

Find the errors in the following Fortran statements and suggest ways in which they 
might be corrected . 

• 

• 

• 
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I. RUD (6,100) i,j , a 
100 FORlliT(3l6) 

2. READ (6 , 110) i 
IF (j .GRT. i) WRITE (6,120) j 

110 FORIIJ.T(l6.1) 
120 FORIIAT(>1 ', F6.2) 

3. DO 130 jjk = 1,10 
j • -• 
k = 0 
READ (6,130) a 
1 = j/k+a 
IF (1 . LT . j) STOP 

130 FORJUT(F6.2) 

Exercise 10B 

How many lines will be read? 

1. READ (6,180) a , i,b,j,crash,krem• 
160 FORll.lT(F3 .1 , IS) 

2. READ (6,170) a,1,b ,j, craah,kroe 
170 FORJUT(F3.1,IS , F3 . 1,l6} 

Exercise IOC 

How will the line of data 

123466. 12798.00012004567800. 10 

be read by the following statements? 

1. READ (6,180) i,vunda,vot,it,vill,be 
180 FORMAT(I3 ,F7. 0 ,F4. 2, I4 , F6 . 1,F4 . 2) 

2. READ (6,190) i,vunda,vot,it ,vill,be 
190 FORMAT(IS , F6. 2,F3 . 1, I7, 2F6 . 2) 

3 . RE1D (6,200) i,vunda,vot, .it,vill,be 
200 FORIIAT(Il ,F3 .1,F4 . 1, 13 , F10 . 6 ,F3. 2) 

95 
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Chapte r 11 

Arrays 

Consider the problem in which we read in data consisting of student marks in some 
subject. The problem is to read in the marks , and calculate the average mark. This 
may be done for N students using the following algorithm 

l. Set the total to zero initially 

2. Repeat for each of the N students 

(a) read in his/ her mark 
(b) add it to the total 

3. Calculate the average as the total divided by the number of students . 

A Fortran program to do this is then 

READ (6,•) n 
aua .. 0 . 0 
D020 ■ =1,n 

READ (6,10) aeore 
10 FORMAT (F6. 2) 

suaa = sum + score 
20 COITIIUE 

ave • ■um/n 

Now consider a similar problem. We wish to calculate the average mark , and then 
print out those marks that are greater th an the average. An algorithm (i.e. method) 
for solving this problem is 

L Read in the marks, summing them as they are reacl. 

2. Calcula.te the average 

3. Scan all the marks, to find and print out all marks greater than the calculated 
average. 

To solve t his problem we need to store all the exam marks when we read them, so 
that we will be able to use them a second time. One solution would be to read all 
the data twice. This would be inefficient as 1/0 is very slow compared to the rest of 
your program, and would also be inconvenient to the user, who would have to enter 
his data twice. Another solution you may propose is to store each of the marks in a 
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.sepanate variable name. This approach suffers &om two points. Firstly, what would 
hap~n if we had a large number of marks (sa.y 9000), we would have that many 
variables! Secondly, this method would be very tedious, when it came to writing 
the 9000 IF statements to test if the variable value was greater than the average. 
This last statement implies that we wish to treat all the numbers in exactly the 
s&me way. The solution to our problem ia to use an am1y. An array is a means of 
specifying a number of values that are to be stored under one variable name. In 
order to uae an array, we must first declare two things 

1. The variable name of the array 

2. The size of the array. This is the maximum number of values that may be 
stored in the array. 

For example, the statement 

I\E1L grade(126) 

defines an array called grade with space for 125 values, all of type real. These 
consecutive memory locations are called grade(1), grade(2) , and so on up to 
gra.de(126). Note that they each have the same name grade , and are distinguished 
by what we call a ,1d&cript - an integer enclosed in brackets. The individual 
memory locations are called army demeni.f, and all 125 or them considered together 
are called an array. An array element can be used anywhere that a variable can, 
e.g. in an arithmetic expression, on the lef\ hand side of an &88ignment statement or 
in a function reference. The real power in the use of arrays lies in the fad that we 
can refer to array elements, such aa gr&de(i) . If i bas the value 25, then grade(i) 
refers to grad.e(26) , and if i ha..s the value 79 then it refers to gr&de(79). In 
practice, we usually want to step along the array by making i take on the series of 
values which are successive subscripts into the array. This is done in a loop. For 
example , to read in N numbers into the array grade, we write 

DO 20 i a 1,n 
RE.ID (6, 10) grade(i) 

10 FORMAT(F6. 2) 

20 COITIIUE 

As the loop takes the next value of i , the next array element of grade is read from 
the next line of data. So now we are in a po&ition to write the new program. The 
complete program is 

C Prograa to read in student grades, one per line, and 
C to calculate the average grade, then to print out all 
C tho ■ e grades that are greater than this average. 

The firet line contains the nuaber of gradea (in cola 1-6) 
C The gradu appear in coluana 1-6 
C There ia a au:iaua of 125 gradea 

REAL grade(126) 
RE.ID (6,10) n 

10 FORM&T(l&) 

aua '"' 0 . 0 

• 

• 

• 
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C Read in the grades and aua the• 
DO 50 i = 1,n 

READ (5 , 40) grade(i) 
40 FOIUU.T(F6. 2) 

■um. = ■um+grade(i) 
50 COITIIUE 
C Find the average 

ave= aua/n 
C Scan, printing all greater than the average 

DO 70 i = 1,n 
IF (grade(i) ,GT. ave) WRITE(6,60) grade(i) 

60 FORMAT (11,F7. 2) 
70 COITIIUE 

STOP 
EID 
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You will notice that although we do not know how many grades there are going to 
be - it is n - the size of the array grade is specified as 125. The rules of Fortran 
insist that the size of an array (as fixed in the declaration) be a positive integer 
constant, and 125 was chosen on the grounds that it will a lways be bigger than 
the number of grades used. Clearly, some judgement must be applied in ch008ing 
suitable sizes for arrays. An array that is declared unnecessarily large will waste 
memory space (or worse still, may not fit in memory!). An array that is declared 
too small, will result in errors occurring, as you are not allowed to reference array 
elements that are out of bounds of the declared array size. In many programs a test 
is made to check that you never try this. In the above example, we could improve 
the program by inserting the following lines afer the statement numbered 10 

IF (n .GT. 125) TBEI 
WRITE (6,•) 'Maximum ot 125 grades allowed' 
STOP 

EID IF 

11.1 Array Declaration 
Arrays may be declared in one of three ways 

1. by declaring the type of the array elements as well as the array size. For 
example, 

REAL marks(200), y(10) 
IITEGER x(10) 

2. by using the default type which depends on the first letter of the array name. 
This is achieved with a DIMEISIOI statement, which has the form 

DUIEISIOI name(size), name(a1ze), 

The declaration of grade in the previous section could also have been written 

DIKEISIOI grade(125) 
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3. by declaring the array type and size in two separate 1tatements. For example, 

REAL aarta 
DIJmlSIOI aarb(200) 

Notes: 

1. Any number of DIMEISIOI and type declaration statements may appear in a 
program. 

2. A name (variable or array) may appear only once in any declaration. 

3. The size of an array must be an integer constant or an integer expression 
containing only constants. 

4. DINEISIOI statements and R.E.lL and IITEGER type declaration statements 
must be placed before any executable statements . 

5. All array, used in the program muat be declared , either in DIKEaSIOI state­
ments or !STEGER or RBJ.L declarations. 

11.1.1 Array Subscripts 

When referring to a single array element, a subscript must always be specified. It 
is p088ible to use ■lightly more general subscript.a than the simple integer constant 
or integer variable we have seen ao far . Subscripts may be any integer expression, 
including function references and other subscripted variables . Most Fortr&ru1 will 
accept a fairly general form of integer expression as a subscript , but you should try 
to keep your subscript expression simple 80 it can be understood . If the version of 
Fortran that you use has a limited form of subscript, then , for example, just replace 

top • grade(a+b) 

with 

ind • a+b 
top • grade ( ind) 

So as well as referring to gra.de(25) and gra.de(i), we can refer to grade(i-10), 
which, if i baa the value 25, refers to grade(15) ; and also grade(2♦ i+3) which 
refers to gra.de(53). 

11.1.2 Examples of Subscripts 
Whenever a subscript is used, any variables within the subscript expression must 
have been previously given a value, as the subscript expression is evaluated first 
and then this uniquely identifies a pa:ticular element within the array. It is the 
programmer 's responsibility to ensure that the subscript expression evaluates to a 
number within the array's bounds. Some Fortran& will terminate with an error at 
execution time if an array subscript is out of bounds, and some do not , but merely 
give incorrect results. Provided that 

1. the arrays mentioned have been dedared, 

2. the variables in the subscript expressions have been given a value at some 
prior point in the program, and 

• 

• 

• 
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3. the subscript expression has a value between 1 and the dimensioned size of 
the array (inclusive), 

then the following are valid array references 

tir•t (677) 
hgiel• (le) 
a (max (lad, 10)) 
hunter (lb+1) 
:mu (2•kanbra) 
next ( 4•kraft - 3•kaas) 
tooh (19•kat + •ark(7)) 

Some examples of invalid subscripts (in the 1977 standard) are 

Example Reason 
doge(bar) Real variable not allowed as a subscript 
katz(i+j+1.0) Real expression not allowed a.s a subscript 

11.1.3 Example of Complex Subscript Use 

Sometimes it is difficult to see why you would want to ever use a subscript that is 
more complicated than a simple integer variable. One example of this is as follows. 
Suppose that we have an array in which ea.eh set of three consecutive locations 
refers to rainfall figures: the minimum, the maximum, and the average. This means 
that if we have 25 areas, we would have 25 lot.s of 3 figures, and so would need an 
array of size 75. Suppose that variable loc indicates the area number that we are 
interested in. Now if we want the minimum raiiifall figures for this area, it would 
be given by 

rain ( (loc-1)•3 + 1 ) 

Value of LOC 

etc. 

Element of RAIN 
I 
4 
7 
JO 

etc. 

11.2 Reading and Writing Arrays 
Suppose that there are 10 integers on an input line, and that each integer takes 6 
columns. Then the numbers may be read using the format 

20 FORMAT(10I6) 

The values could be read with 
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IITEGER num(10) 
RUD (6,20) nuu(1), nuu(2), nua•(3), . .. . ,nu.ma(tO) 

This is tedious, and seems to be made Cor a DO loop. So can we write this? 

IITEGER nuaa(10) 

DO 30 i "' 1,10 
READ (6,20) nwu(i) 

20 FOMJ.T( 10IS) 
30 COITIIUE 

The answer is no. The reason is that every ltE.lD statement will start reading a new 
line . The first time around the loop, the first number ia read intonuas(1) correctly. 
The second time around, a new line ia read, and so the other nine values (that were 
on the first line) are lost. Clearly, some form of do-looping is required. Let us look 
at the correct piece of program to see how it is implemented. 

IITEGER nuas ( 10) 
READ (6,20) (nuaa(i), i == 1,10) 

20 FDRJU.T(10IS) 

Here, instead of the usual input list on the READ statement, we have an input list 
in an implied ,lo.loop. In this case the input list consist.a of the array element name 
nuaa(i) . The input list ia followed by a comma, which is followed by tbe implied 
do loop control 

i • 1,10 

and the whole lot ia enclosed in brackets. It can be thought of as 'nua• Ci) for i 
going from 1 to 10'. There are really 10 variables on the input list, the variables 
num(1) to nu-.•(10). The implied do loop is merely a shorthand way of explicitly 
writing out the ten array elements. The list in the implied do loop may be part of 
a larger input/output liat. For example, the statement 

READ(6,60) p, bean, (nu.m.a(i), i • 1,10) 

causes the first two numbers to b e read into p and bean and then the next 10 into 
nuu(1) to nu-.■ (10) . 

R.EAD(6,70) (zot(i), i .. 1,6), (nu.a■ (i), i • 1,10) 

causes the first five numbers to be read into zot(1) to zot(6), and the next 10 
numbers into nuaa(1) to nu.m.11(10) . The input/output list in the implied do loop 
may conta.in several variables and array elements. For example, 

R.EAD(6,80) (zot(i), zowie(i), i • 1,6) 

The first two numbers are re&d into zot(1) and zovie( 1) , the next twointozot(:Z) 
and zowie(:Z) and so on. The do-variable, initiaJ, terminal and increment param­
eters follow the rules as for ordinary do loops. The following example will read in 
numben into every second element of array •pred. Notice that 10 numbers will be 
read , the first going into apred(1), and the IMt going into ■pred(19). 

IITEGER. ■pred(20) 

READ (6,90) ( ■pred(ind), ind • 1,20,2) 
90 FOIUIJ.T(1016) 

The use of implied do loops is restricted to READ and WRITE statements only !! 

• 

• 

• 
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11.3 Exception to the Rule 
Normally, an executable statement can only act on one array element at a time, so 
an array name never appears without a subscript. The exception is that a whole 
array may be read or written by specifying the array name without subscripts. For 
example, 

IITEGER line(20) 
READ (6,•) line 

will read 20 integers into line(1) to line(20). Similarly, 

WRITE (6,10) line 
10 FORMAT (11, 2016) 

will write out all 20 elements. If only the first n (say) elements are required, then 
you must use an implied do loop, i.e. 

WRITE (6,10) (line(i), i = 1,n ) 

Note that although a variable number of array elements is written, the corresponding 
FORMAT cannot contain variables, but should allow for the maximum value of n. So 
the required FORMAT is again 

10 FORMAT (1I, 20I6) 

11.4 Common Errors with Arrays 
A variable has a subscript but has not been declared as an array. A declared array 
name is referenced without specifying a subscript (except when the whole array is 
read or written). The size of an array specified in a declaration is not an integer 
constant. An array element is subscripted by a variable, which is either real, or 
does not currently have a defined value, or has a value less than 1 or greater than 
the maximum size specified in the declaration. 

11.5 Exercises 
All exercises involving arrays must include array declarations. 

Exercise llA 

Find the mistakes in the following. 

I. IITEGER j (20) 
D020i= I, 100 

20 j(i) = 0 

2. REAL array(160) 
DO 60 k=2,47 ,2 

60 array = array(k+3) + k 

3. DIMEISIOI i(10),array(20) 
DO 70 i = 1, 20, 2 

array(i) = -3. 
70 array(i-1) = real(i) 
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Exercise llB 

Write a program to calculate and print the average rainfall figures for each of 8 
localities. Data consists of 8 lines of input (one line per locality) . Each line of input 
bas 12 numbeni on it representing the rainfall for each of 12 months , for a locality. 
Use only one (one dimensional} array. 

Exercise 11 C 

Identify the following declarations as being correct or not. 

1. IITEGEll a(4), k(7) 

2. REAL bad( 12) , rotten(17+12) 

3. REAL good(k) 

4 . DlMBISIOI big(lOOO) ,aaall (3) 

Exercise 1 lD 

Consider each pair of the following s tatements (not necessarily contiguous) to be 
in separate programs. For each pair, indicate any inconsistencies. This means, any 
errors that are necusarily errors, not merely potentially errors. 

l. DINEISIOI x(6). 1(10), a.(16) 
J : X + 66.0 / a(i) 

2. V = n(3) + i4 * 6 

3. delta "' a(i) / x .. 8 
start "' delta .. y - a(b) 

4. DIMEISIOI a(10), k(16), a(3), t (6) 
t(tS) • 2.0 • t(3) + k(S) • 3.14169 

Exercise llE 

Write a series of statements to zero all locations in the array b from b (1) to b(100) 
incluaive. 

Exercise llF 

Statistica are being kept on 20 southern Queensland national purple tailed hens. At 
the end of each month, a ca.rd is punched which contains the following information 
for each chicken. 

Columns 1 to 2 contain an integer to be used for identification , 
Columns 3 to 4 contain t he number of eggs laid this month, 
Columns 5 to 8 contain an integer which is the weight 

of feed consumed in grams, 
Columns 9 to 12 contain an integer which is the weight of the 

bird in grams. 

Write a program to read the 20 cards and print out £or each hen, 

• 

• 

• 
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• 1. identifl.cMion number 

2. number or egp laid and difference Crom the average, 

3. weight or feed consumed and difference Crom the average, 

4. weight or the bird and difference Crom the average . 

• 

• 
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Chapter 12 

Two-Dimensional Arrays 

The arrays we have considered to date have been one-dimensional.. We have been 
able to specify a unique array element by using only one subscript. In mathematical 
terms these arrays are vectors. We can also have arrays of two dimensions (and 
more, but we will not consider those in detail). Two-dimensional arrays may be 
considered as equivalent to matrices in mathematics. Suppose we were analyzing 
the results of a number of students who sat a number of exams. The results might 
be tabulated (by us) as 

Student Chemistry AOl Forestry D31 Zoology AOl 
Bloggs 66 72 51 
Nurke 73 88 60 
Eccles 50 71 75 
Sea.goon 24 12 51 
Moriarty 77 79 62 

For convenience, we identify students with student numbers and the subjects 
with subject numbers. So our table becomes 

Student Num. Course 1 Course 2 Course 3 
1 66 72 51 
2 73 88 60 
3 50 71 75 

24 12 51 
77 79 62 

Let us give this table a name, say call it marks. We may now refer to the 
mark obtained by student number 2 in subject number 3, by referring to the second 
row and the third column of the table mark, and we obtain the mark 60. We may 
represent this table in Fortran by declaring a two-dimensional array that has five 
rows (corresponding to the 5 student numbers) and three columns (corresponding 
to the 3 subject numbers). This may be done with the statements 

IITEGER M.lRK(S,3) DIMEIISIOH MARK(6,3) 

107 
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The re&110n for representing this as a two dimensional array, rather than a one 
dimensional array, is that all the Chemistry marks are in one column, and all of 
Eccles' mark.a are in one row. If we imagine a general vereion of this array where 
n■tuda is the number of 1tudenLB (i.e. the number of rows in the table), and 
assuming that aart baa been declared to have an appropriate size, then to find the 
total mark for subject 2, we would write the following 

itot • 0 
DO 6 1 = 1, :utuda 

itot • itot + ■art(i,2) 
COITIIUE 

Similarly, we could find the total marks for a particular student, say for Eccles, 
st udent number 3, with 

itot = O 
DO 6 j = 1,nauba 

itot • itot + ■art (3 ,j) 

COITIIUE 

where nauba is the number of subjects, i.e. the number of columns of the two 
dimensional array aart. Let us now generalise this a little further. We want a 
program that will read in the table of marks and store them in the array MARK 
and then will read requests for the tot&!. marks for either a particular student or 
a particular subject. We will indicate that we want a student tot&!. by reading a 
line with a 1 in column 1 and the student number we want in columns 3 - 5. If we 
want a subject tot&!., then we will have a O in column l, and the subject number in 
columns 3 - 5. Before we can attack t his problem, we need to know how to read in 
a two-dimension&!. array. 

12.1 Reading and Writing Two-Dimensional Ar-
rays 

A two-dimensional array is compoeed of a number of rows, each row being made 
up of a number of columns. One way of thinking about a two-dimensional array is 
to consider it as a number of one-dimension&!. arrays, each corresponding to a row, 
repeated for however many rows we have. The subscripts required to identify an 
element of the two-dimensional array are 

1. a row subscript to identify which whole row to ch008e 

2. a column subscript to identify which column to choose within the whole row 
specified by the row subscript. 

The method of reading a two-dimension&!. array may be expressed in the following 
algorithm. Repeat for each row of the array 

Read in Yaluea into a rov Yector . 

Suppoee we want to read numbers into a two-dimensional array of size 4 rows and 
3 columns. There are 4 lines of data, each containing 3 numbers to go into one row 
of the array and each number taking 5 columns of a data line. First, look at how 
to read in any given row of the array, say row 1. This may be done with 

• 

• 

• 
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IITEGER nurgle(4,3) 
RE.10(6, 110) (nurgle(1 , j). j•1 ,3) 

110 FORJUT (316) 

To read in all 4 row1 we could have 

READ(6,110) (nurgle(1,j),j=1,3) 
READ(6, 110) (nurgle(2,j) ,j•1, 3) 
P.EAD(6, 110) (nurgle(3,j) ,j•1,3) 
READ(6, 110) (nurgle(4,j) ,j•1 ,3) 

109 

Thie may be abbreviated further by the use of a DO loop that will vary the row 
1ub1cript from 1 to 4, and 10 giving 

IITEGER. nurgle(4,3) 
D06i • 1,4 

R.E.ID(6, 110) (nurgle(i,j) ,j=t,3) 
COITIIUE 

110 FOR.JUT (316) 

12.1.1 Nested Implied Do Loops 

The 1yntax of an implied do loop is 

(lilt of YariablH, control • ,tart, finbh, incre■ent) 

The list of variables may also contain a variable list in an implied do loop. Hence 
we can write 

READ (6,109) ((nurgle(i,j), j • 1,3), i • 1,4) 

This may be thought of as being 'nurgle(i,j) with j going from 1 to 3 and i going 
from 1 to 4'. j is in the inner loop, and so changes most frequently (i.e. the inner 
loop is completed for each value of the outer loop). So this statement would read 
nurgle(t, 1) then nurgle(1,2) then nurgle(t,3), then nurgle(2, 1) and so on. 
So the whole two-dimensional array may be read from one data line with 

IITEGER nurgle(4,3) 
RE.ID (6,101) ((nurgle(i,j), j • 1,3), i • 1,4) 

101 FORJU.T(1216) 

The implied do loop is merely a shorthand way of writing out all the array elements 
explicitly, so in the above READ statement there a.re really 12 variables on the in­
put/output list. Suppose we wish to do the same thing, but with the data in a 
different format. If each line contains 3 numbers and there are 4 lines of data, each 
line is to be read into one row of IURGLE. We can do this by changing the FORMAT 
statement 

IITEGER nurgle(4,3) 
READ(6,109) ((nurgle(i,j), j=t,3), i=l ,4) 

109 FOJUU.T(316) 

This workl, because when we get to the end of the FORMAT statement (which we will 
after reading three numbers), we start the format again and start reading another 
line. So a total of 4 lines is read. A much better way, because it is more straight 
forward, is to use an explicit do loop for the rows and an implied do loop for the 
columns, as in 
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IITEGER nurgle(4,3) 
DO 6 irow "" 1, 4 

ltliD (6,110) (nurgle(irov,j), j=1,3) 
COITIIUE 

110 FORll.&.T(3I6) 

12.2 Example 

Aa lntroduction to foctrnn 

Let us now return to our exam mark example. We shall define the format of the 
data as being 

1. Each line of data will contain the marks for a particular student in all subjects. 
There will be a total of 25 subjects, and the marks will be in 13 format. 

2. There will be a maximum of 200 students, and the last line will be a 'dummy' 
student that has a negative mark, thus signalling the end of the data. 

So to read in the marks we need 

IITEGER aark(201, 26) 
■u■ = 200 
R.ead in the student table 

DO 20 nrova = 1, aa:r.■+1 

READ (6,10) (m.arlt(nrovs,j),j:1,26) 
10 F0RM.tT(26I3) 

Test for end of data 
IF (■ark(nrowa, 1) .LT. 0) GO TO 30 

20 COITIIUE 

Onl.J reach here if there are aore than MAIS students 
VRITE (6,•) 'Too ■any students!!' 
STOP 

Don't count the sentinel 
30 nrovs "' nrovs - 1 

40 COITIIUE 
continue vith rest of program 

So at this point in the program, we have set up the array of marks in the Fortran 
array called ■ark. Now we need to request particular student and subject totals. 
We have not specified how the number of requests will be indicated . Let us say that 
we should read requests until a type greater than 1 is read. 

Read in a requHt 
60 READ (6,60) itype , nuaber 
60 FORN.lT(l1, 11, 13) 

Branch on the value of ITYPB 
IF itype • 0, fora total for a given aubject 

., 1, fora total for a given etudent 
> 1, STOP 

• 

• 

• 
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- IF (itype .GT. 1) STOP 

• 

• 

IF (itype .EQ. 0) GO TO 90 

Find the total IIU'b gained bJ the requHted student 
itot • O 
D070j•1,26 

itot • itot + IIU'lr:(nuaber,j) 
70 COITIIUE 

WRITE (8,80) nwaber , itot 
80 FORJl1T(11, 'The total tor student number ',I3,' is ',I5) 

GO TO 60 
Fora the total aarlr:e scored in the requHted subject 

90 itot = 0 
DO 100 i • 1, nro .. 

itot • itot + aarlr:(i,nuaber) 
100 COITIIUE 

WRITE (8,110) n1111ber, itot 
110 FORJl1T(11,'The total tor subject n1111ber ',I3,' is ',IS) 

GO TO 60 
EID 

Now let us put all the sections together. The data will be set up to read in the 
array aa specified in the example above, and to request tot&ls for student 2, and 
also for subject 1. 

Author: 
Date: 

L. Landau 
12 NlY 1978 

Nods: FEB 1981 L. Landau To ren1111ber ■tatem.ent numbers 
lug 1984 K. Bandel Changed algorithm tor reading 

table 
Prograa dHcription: 
Thi• prograa will read in a table ot •tudent ■arts 
Obtained in each ot 26 exus. 
Th• prograa will then read in requests tor totals ot either 
(0) total ■arb gained in a particular subject 
( 1) total aarb gained by a particular student 
(>1) atop prograa 
Data deacription: 
The student/subject table co■u tint in the data, 
with ••eh •tu.dent taking one line, 
and each ■ubject taking 3 colwan•. it any aarta are 
omitted, then they will ' be treated as zero. 
There will be a ■axiaua ot 200 •tudents, 
The end ot the student data 
i ■ signified bJ a negative tint subject ■arlr:. 

Following the table ot ■arks, there are requ.Hta tor total a 
ot either 1tudent aarlr:1 in a particular 1ubject, or 
the total ■arlr:e tor a particular student, thHe requests 
take the tor.: 
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REAIIIG 

type of r•quHt 
if O then total the ■tudent aarka in the 
given aubj eet 
if 1 then total the subject ■ark• tor the 
given student 
if greater than 1 then atop 

3-6 the student nu.her, or aubject nu.ber. 

IITEGER u.rk(201,26) 
aa.u • 200 
■axeub • 26 

Read in the student table 

DO 20 D.r011'■ c 1, aa.JC■+1 

RE1D (6,10) (aark(nrova , j), j=l ,26) 
10 FORMAT(2613) 

Test for end of data 
IF (aark(nrova, 1) .LT . 0) GO TO 30 

20 COITIIUE 

Onl.J reach here it there are ■ore than MAIS etudenta 
WRITE (6,•} ' Too ■any ■tudent■ I I' 
STOP 

C Don't coUl'l.t the ■ entinel 

30 nrov■ • nrov■ - 1 

40 COITIIUE 

Read in a request 
REiD (6,60) itype, nuaber 

60 FORll.&T(l1, 11, 13) 
C Check that the requut i■ in range 

IF (itype . GT . 1) STOP 
IF ((it:rpe .EQ. 0 . AID . nuaber .GT. Hnub) . OR . 

t (itype . EQ. 1 .AID. nuaber . GT . nrou)) TBEI 
WRITE (6,60) itype, nuaber 

eo FORJIAT(ll, 'For a. type • ,Il, • request, nuaber • ,I3, 
$ ' is out of range . .. . IGIOREO •) 

GO TO 40 
EID IF 
branch on the va.lue of itype 
itype • O, fora total for a ghen subject 

C = 1, fora total for a. given etudent 
C 

IF (itype .EQ, 0) GO TO 90 

• 

• 

• 
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70 

80 

Find the total aarU gained bJ th• requHted atudent 
itot • 0 
DO 70 j ,. 1 , aa::uub 

itot • itot + aart(nuaber,j) 
C0ITIIUE 
VRITE(B , 80) nuaber,itot 
FOJUUT(ll,'Th• total for •tudent nuaber ',i3,' h ',iS) 
GO TO 50 

Form th• total. ■art• acor•d in th• requuted. subject 

90 C0ITIIUE 
itot = 0 
DO 100 1 • 1,nro•• 

itot • itot + ■art(i,nwaber) 
100 C0ITIIUE 

VRITE(8,110) nuaber,itot 
110 F0JUU.T(ll,' The total for subject nwaber ',i3,' is ',15) 

GO TO 60 
EID 

Then use the following data 

ee 12 01 
73 88 80 
60 71 76 
24 12 61 
77 79 82 
-1 

When the program was run on this data, it would print out 

The total for student nwaber 2 is 221 
The total for subject number 1 is 290 
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This program is still very primitive. For example, it cannot handle the situation of 
students not sitting for exams. It provides only elementary output. What may be 
more interesting is to provide figures on who got more than 50%, or who the top 
student was. How would you make these changes? How much program re-design 
would it require? 

12.3 Declaring Arrays with Lower Bounds 
In the arrays we have done so far , array subscripts range from 1 to N, where N 
is the number of elements in the array. In 1977 Fortran, array subscripting has 
been made more flexible. The range of subscripts need not have a lower bound of 
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1. Subscripts may start at any integer, with the restriction that the upper bound 
must be greater tha.n or equal to the lower bound. Unle88 the lower bound is 1, both 
the lower and upper bounds appear on the declaration, separated by a colon. The 
syntax for declaring a one-dimensional array where both lower and upper bounds 
need to be specified is 

DIIIEISIOI arraynaae(lover-bound : upper-bound) 

A type declaration may be used instead ofDI"EISIOI. For example, 

REAL nuaber(0:9) 

declares an &rray of 10 real numbers , with legal subscripts ranging from O to 9. So 

number(0) = 1.0 is legal, but 
number(10) = 1.0 is not legal. 

If the lower bound and colon are omitted from the declaration , the default lower 
bound of 1 is ueumed. Similarly, a two--dimensional array may be declared with 

DINEISIOI naae(lover:upper, lo11er:upper) 

For example, 

DINEISI0I gra.pb(-6:6, -10:10} , graph2(6, -10:10) 

declares graph to have 11 rows, subscripted from -5 to +5, and 21 columns, 
subscripted from - 10 to +10; and graph2 to have 5 rows, subscripted from 1 to 5, 
a.nd 21 columns, subscripted from - 10 to +10. 

12.4 Multi-dimensional Arrays 

An array may have up to 7 dimensions. Multi-dimensional arrays may be declared 
a.s follows 

IITEGER 1Ul.ms(60, 132, 10) 
UAL :a:(10,0 :9,-6 :4}, y(-1:1,10:20) 

nwu is an array of integers with 60 rows and 132 columns, 10 layers deep. 
In memory, the order of storage is such that the first subscript (the row number) 
changes fastest and the last subacript changes slowest. :a: is a real 10 by 10 by 10 
array. Legal array elements are 

1(1,0,-6}, X(4 , 4,4), 1(10,9,-1} . 

y is a. real 3 by 11 array. Legal array elements are 

Y(-1,10}, Y(0,20), Y(1,16} . 

Illegal elements a.re 

1(1,10,1), 1(0 , 0,0), Y(1,1), Y(-1,6). 

• 

• 

• 
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12.5 Rainfall Example 

Suppoee that we have a table of rainfall figures for different areas over different 
years starting from 1950. So the table may look like 

Q/d NSW Vic Ta, NT ACT SA WA 
1950 103.5 99.3 89.6 121.6 41.2 88.8 84.5 77.4 
1951 104.7 98.4 90.6 125.8 38.5 86.3 78.3 68.3 
1952 109.8 101.6 92.4 132.6 39.5 85.4 79.5 72.1 
1953 101.6 101.9 99.9 119.1 32.1 90.5 81.6 85.6 
etc. 
1979 117.7 103.2 97.1 128.8 40.0 91.4 86 .3 88.7 

We will write a program to read these rainfall figures into an array and then 
extract rainfall figures for different areas over different years. The program to read 
the figures in will be generalized to accept more than just the known data, so an 
end-of-data marker will be a negative rainfall in the first area. 

Naxi■ua of 40 years ( ■tarting at 19S0) 
Naxi■Wl of 10 arsas 

REAL rain( 1960: 1990, 10) 
IIUara = 10 
■axyr• = 40 

Read in the number of areas 
READ (S,•) narea■ 
IF (nareu . GT. ■uara.) THEI 

WRITE (8 ,30) ■axara 
30 FORMlT(11, 'Too aany areas, can only handle • ,13) 

STOP 
EID IF 
Read in rainfall figures. The end is indicated by 
a negative rainfall for the first area. 
DO 60 iyr = 1950, 1990 

READ (6,40) (rain(iyr,loc), loc = 1,nareae) 
40 FORMAT (16FS.O) 

IF (rain(iyr,1) .LT. 0) GO TO eo 
60 COITIIUE 

1990 ia out of range 
WRITE (8,•) 'Too ■any year•. Max ie •, mu:yr• 
STOP 
Coae here when all rain data is read 

80 COITIIUE 
nyeara "' iyr - 1 

Now the problem is to produce rainfall figures. Suppose that we want the average 
rainfall in Tasmania betwen 1960 and 1969 (inclusive) . 
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total • 0.0 
DO 90 iJHr • 19&0, 1969 

total ,. tota1 + rain (iy•ar,4) 
90 COITIIUB 

a..-rain • total/10 

Generalising this a little, we want to solve the following problem . Read in 3 
numben, indicating 

1. the start year (for example 1960) 

2. the number of years to cover 

3. the area number that we are interested in 

and from this find the average rainfall in that area over the requested years. 

Rud in the input paraaeter■ : at art year 
nuaber of years 
location code 

IBEGII i a the first and IYE.lRS i■ the la■t valid year. 
ibegin s 1960 
READ (6,•) i■t, nuayr , locat 
check validity of requHta 
IF (ht .LT . ibegin .oa . bt . GT . nyu.ra) TBEI 

WRITE (6,•) 'Starting year', bt, ' b out ot range ' 
STOP 

EID IF 

LAST i■ the la■t year requnted 
last .. iat + nuayr - 1 
IF (last .GT. nyeara) TBEI 

WRITE (8,•) 'Final year' , lHt, ' 1 ■ out of range• 
STOP 

EID IF 

IF (locat .LT. 1 . OJI. . locat . GT. narea■) THEI 
WRITE (6 ,•) 'Location', locat, ' i• out of range' 
STOP 

BID IF 

low we have validated the input ■o do the calculation 

total • 0.0 
DO 160 iyear • i■t, lut 

total • total + rain (iy■ar,locat) 
160 COITIIUB 

&Train • total/ nuayr 
VRITB (6 , 170) locat, anain 

170 FOIUfAT(1l,'Tbe &Terage rainfall in area ', 13, 
t ' i• ',F8.2,' centiaetr■a ') 

STOP 
BID 

• 

• 

• 
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12.6 Exercises 

E xercise 12A 

117 

Write a series of statements to add the corresponding elements of two m by n arrays 
A and B and store the result M an m by n array C. Assume that the maximum 
values of m and n will be 14 and 10 respectively. 

Exercise 12B 

Write a program to generate the numbers 1 to 30 in a one dimensional array and 
then print this array so that there is a heading before t he numbers, and then the 
numbers on one line. Print the numbers again, six per line, with a line number on 
each line. The output should be 

THE IUNBERS ARE 
1 2 3 4 5 6 7 8 9 30 

1 2 3 
7 9 10 11 12 

13 14 15 16 17 18 
4 19 20 21 22 23 24 

25 26 27 28 29 30 

Exercise 12C 

Repeat exercise 12B, but using a two dimensional array with 10 rows and 3 columns. 
The output should be exactly the same. Fill up the 10 by 3 array by rows rather 
than by columns. 

Exercise 12D 

Re-write your answer to exercise 11B, this time also printing out the entire rainfall 
figures for the month with the highest average. Use only one two-dimensional array. 

Exercise 12E 

For each of 8 areas, read a monthly rainfall figure (one real number per line) for 
each of 12 months. Find the average monthly rainfall for each area, and the average 
monthly rainfall over all areas. Write an algorithm first. Note: Arrays are not 
necessary. 

Exercise 12F 

The coordinates of points in an n dimensional space are written in a data file, one 
set per line. The value of n is written on the first line, by itself. Write a program 
to read these values and find the distance d of each point from the origin. 

d;::::; J.r12+.r22+···+.rn2 

Aseume that n will not be greater than 25 . 



118 An fotroduction ta FoctCAn 

• 

• 

• 



• 

• 

• 

Chapter 13 

Arrays as Subroutine 
Parameters 

Now we shall put arrays and subroutines together. 

13.1 Actual Parameters 

The actual parameter list on a subroutine call may include array names and single 
array elements as well as constants, variables, expressions and function names. If 
a whole array, or a portion of an array is to be used by the subroutine, then t he 
parameter list should include the array name without any subscript or dimension. 
If the value of one array element is passed to a subroutine, then the subscripted 
element name is put in the actual parameter list, and will correspond to a variable 
in the dummy parameter list of the subroutine. The use of array names in actual 
parameter lists is similar to the use of variables, in that values may be passed to 
the subroutine and new values may be p1188ed back from the subroutine. The use 
of array elements in actual parameter list.a is similar to the use of constants and 
expressions, in that values may be passed into the subroutine, but the corresponding 
dummy parameters may not be given new values in the subroutine, i.e. new values 
may not be passed back from the subroutine. 

13.2 Dummy Parameters 

The dummy parameter list on a subroutine header may include array names as well 
as variable names. No subscript is allowed with an array name . In other words , 
arrays are not dimensioned in the subroutine header. They are dimensioned in the 
declaration statements that follow the header. For example, 

SUBROUTIIE aize(big,amall,n) 
REAL big(100), amal1(60) 

passes the real arrays big and amall and the integer variable n between the calling 
program and the subroutine. The arrays must be dedared as arrays in both the 
calling program and the subroutine. For example, the program which calls the 
above subroutine might be 

119 
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REAL array1(100) ,array2(60) 

CJ.LI. size(array1 ,array2,n) 

An Introduction to Fortr&o 

The parameters may be given values before the subroutine is called or may be 
given values in the subroutine and the answers p1188ed back to the main program. 
Remember that. a variable in the dummy parameter list is only an alias name for 
the corresponding actual parameter value. In other words, it is a pointer to the 
actual value. Similarly, an array name in a dummy parameter list is a pointer 
to its corresponding actual parameter, and a reference to an array element in the 
subroutine is actually & reference to the corresponding array element in the calling 
program. If you forget to declare the actual parameter as an array in the calling 
program, and the subroutine references the 5th element of the array, then it will 
access a memory location which is 4 locations past the variable which is the actual 
parameter. So, only the location of the first element of an array is in fa.et passed 
to/from the subroutine header. 

13.2.1 Example 

Read 10 values into array z . Call subroutine eval to calculate 10 values for y 
depending on the values in z . 

R.Eil. J:(10), y(10) 
READ(S,•) (z(i) , i=l , 10) 
CALL eval(x,y) 
VRITE (S,10) (z(i) ,y(i), i =l, 10) 

10 FORNAT(1l,2F8.3) 
STOP 
EID 

SUBROUTIIE eval(z,y) 
REAL z(10), y(10) 
y(1) ., J:(1) 
DO 10 i • 2,10 

y(i) ,. z(i)••2 - x(i-1 )•3 
10 COITIIUE 

RETUU 
EID 

13.3 Adjustable Array Dimensions 
The subroutine in the example above will work for any two real arrays of exactly 
size 10. We want to be able to writ.e a more general subroutine which will work on 
arrays of any size. For example, a useful subroutine ia one which sorts the elements 
of an array into ascending order. We want this subroutine to work on any array, not 
just one of a particular size. This can be done in a subroutine by giving the array 
adjustable, or variable, dimensions. Adjustable dimensions only apply to arrays in 
the parameter lists of subprograms (subroutines and functions) because these a.re 
the only arrays that do not have space set aside for them at compile time. Arrays 
in the main program, and arrays in subroutines other than those in the dummy 
parameter lists are allocated a fixed amount of space at compile time and so the 

• 
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declarations must specify fixed dimensions. For an array to be adjustable, both 
the array name and the variable whose value is the adjustable size must be in the 
parameter list. For example, the statements 

SUBROUTIIE eva1(x,7,n) 
RE.lL x(n), 7(n) 

declare x and y to be adjustable arrays ea.eh of dimension n, where n must be given 
a value in the calling program prior to the subroutine call. The size of the arrays is 
unknown when the subroutine is written, and may vary from one call to the next , 
but at ea.eh call, the size (i.e. n) must be known. The body of the subroutine must 
also be generalized to use n rather than 10 in the above example. So the above 
example becomes 

R.EAL x(10), y(10) 
READ(6,•) (x(i) , i = 1,10) 
Cill eval(x,y,10) 
WRITE(e,10) (x(i).y(i), i = 1,10) 

10 FOII.NiT(1I,2FB.3) 
STOP 
EID 

SUBROUTIIE eva1(x,y,n) 
REAL x(n), y(n) 
y(1) = x(t) 
DO 10 i = 2,1 

y(i) = x(i) .. 2 - x(i-1)•3 
10 COITIIUE 

RETURI 
EID 

Unfortunately, there is still the restriction that the arrays must be of the specified 
type. So a subroutine may be made general enough to (say) sort the numbers in 
any size array, but it can only sort an array of reals or an array of integers. There 
is no way around this restriction. 

13.3.1 Example 

Suppose we want to write a subroutine that will calculate the sum and average of 
the elements of any one-dimensional array. First choose a name, say, calsum, and 
decide on the dummy parameters. They will include the number of elements of the 
array, say n, which is an integer. Also we need the name of the array, say a, which 
we will say is of type real , and then the sum, say sum, which again is real , and lastly 
the average ave which is also real. This produces the subroutine header line of 

SUBROUTIIE cabum ( a,n,sua,ave ) 

Second, write the body of the subroutine to perform the desired operations on the 
dummy parameters 

SUBROUTIIE calsua ( a,n,sua,ave ) 

C Author: L. Landau 
C Date: SEPT 1977 
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C PurpoH: 
To calculate the aUII and the &'t'U&g• of the tint n 
•1-•nt■ of an array 

Any paraeten with an • to th•ir left will be altered 
in the 1ubroutin• 

C • Stnl 
• AVE 

the naa• of the array 
th• ■ iz• of the array •a• 
the total of •n• elt• of •a• 
the a•Hra.g• of the firat 'n' 
ele■ent• of the array 'a' 

R.Bil. a(n) 
■ua • 0.0 
DO 6 i • 1,n 

eua • sua + a.(i) 
COITIIUB 
••• • ■ua/n 
RETUIUI 

EID 

(nal) 
(integer) 
(real) 
(real) 

If the eubroutine were to include a fix~ format WRITE, then the corresponding 
FOIUIAT would have to put a fixed number of valuea on each line. For example, 

WRITE (15 , 10) ( a(i), i = 1,n) 
10 FOJUIAT (11, 6F10.3) 

The following 11tatement is illegal 

10 FOR.NiT (11, l(Ft0.3) ) 

13.4 Adjustable Two-Dimensional Arrays 
.AJ an array in memory is physically a group of coneecutive locatio111 1 it is easy to see 
the corre1pondence between actual and dummy array elementl in a one-dimensional 
array. However, if a two-dimensional array ia to be paaaed to a subroutine and only a 
portion of the array ia to be uaed, then the required locations are not all consecutive. 
For example, 1uppoee an actual array a baa 20 rows and 10 columns, Md only the 
flnt 15 rows and 5 columns are to be u11ed by a aubroutine. Then if the subroutine 
were to declare the array to be a by D. where ■ ia 15 and D. ia 5, this would imply 
that a(1.:;i) comes directly after a(■ ,1) in memory (remembering that arrays are 
stored by column). However, in the actual array, &(16,1) ia followed by a(18, 1) in 
memory. So the two arrays do not match. Hence the full size of a two-dimensional 
array must be paaaed to a subroutine. This example would require 

R.Eil. &(20, 10) 
CALL sub(a, 20,10, 16,6) 

• 

• 
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EID 

SUBPJJUTIIE sub(a,nrows ,ncole , ■ ,n) 
REAL a(nrovs,ncole) 

use the tiret N rove and I colWll\111 

EID 

13.5 Example of Subroutine Use 

123 

This example shows how to divide a problem into sub-problems. Each sub-problem 
is bandied in a subroutine . 

Problem - We have a record collection and wish to maintain a register of items, 
so that it may be easily updated, listed and maybe in the future , resorted. At the 
moment, we can only process numerical data, so the record title, etc. will have to 
be coded . The data to be kept may be such things as 

1. record number 

2. location code (shelf number, borrowed, missing) 

3. music type 

4. date obtained 

5. playing time (minutes and seconds) 

The program should 

L Read in all the data. 

2. Edit t he data, and print out any formatting errors. 

3. List the data, printing 40 ent ries per page with a heading and page number 
on the top of each page. 

The main program may look something like this 

comments describing the codes ue ed and input data etc. 

subroutines used : 

read this reads in data tor one record and returns 
in:tormation in an array 

edit checks the in:fort11ation read in and returns a 
parameter to indicate i:f there was an error. it is 
responsible tor printing error 111essages too. 

head prints a heading on the top ot a page . 
also increments a page counter, and resets 
the line count to zero . 
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output writ•• out a line, incr••nt■ line count 

IITEGEll 1111aic (10) 
LOGICAL ot 
lincnt • 0 
ngood = 0 
ipag• • 0 
CllJ. h■ad. (ipage,lincnt) 

read in a au■ ic record. end of file is indicated by 11. 

negative record identifier 

COITIIUE 
C.lU. read(■uaic, 10) 
IF (■u■ ic(1) .LT . 0) GO TO 99 

check validity of the entry 
and count the nuaber of invalids 

ClLL ed.it(aueic, 10,oJr:,U.ncnt) 
IF ( ot ) ngood. = ngood + 1 
CAJ.J. output(auaic,10,lincnt) 
IF (lincnt .OT. 40) C1LL head (ipage,lincnt) 
GO TO 5 

end ot file found 
C 

99 COITIIUE 
WRITE (15,100) ngood 

100 FORNJ.T( • 1', 'There were 13, ' valid entri••') 
STOP 
EID 

Each subroutine would be described by a block of comments at ita head saying 

1. what parameters it uses 

2. what valuea are ~turned 

3. what the subroutine does 

The ma.in program does not do very much but call a number of subroutines, but it 
it easy to follow and provides an ideal starting point for understanding or changing 
the program. 

In this example, read is used as a subroutine name. Fortran does not have 
protected keywords, 80 any word may be used as a variable, array or subroutine 
name. However, all names in a program unit must be unique, 80 a variable called 
■u:, for example, cannot be used in the same program unit a.s the supplied mu: 
function. 

• 
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13.6 Exercises 

Exercise 13A 
Given a subroutine header and declarations of 

SUBROUTIIE jedda(dg,mu:,log,strad) 
REAL dg(max,mu:), log(ma:.c,10) 

and the following declarations in the calling program 

DIMElfSIOII ct(44,44), sunny(44,44), kash(10, 10) 

which of the following calls are legal ? 

1. CALL jedda(ct,18,aunny,14.8) 

2. isz = 30 
brok= 98.4 
C.lll jedda(aunny, iaz+3 ,ct,brok+iaz) 

3. CALL jedda(kash,8,ct,9.1) 

4. CALL jedda(ct,6,aunny) 

5. C.lLL jedda(14,ct,aunny,18.9) 

6. CALL jedda(ct(13,4) ,10,aunny(3,3) ,ct(2,2)) 

7. CALL jedda(ct,46,aunny,ct(2,3)) 

Exercise 13B 
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ja is a one dimensional array with 50 elements. Write a subroutine to compute the 
average of the first n elements and a count of the number of these elements that a.re 
zero. Call the subprogram avernz(ja,n,aver,nz). Write a main program to read 
n, then read n elements into ja, call averuz and then print the answers. 

Exercise 13C 

Write a subroutine that reads in a two dimensional array, using adjustable dimen­
sions. 

Exercise 13D 

Write a complete program, consisting of a main program and three subroutines, 
which will amend a list of numbers as follows. There must be an even number 
of numbers. Every odd-numbered element in the list (i.e. the first, third, fifth, 
etc. elements) is to be replaced by the eum of itself and the next element, and 
every even-numbered element is to be replaced by the absolute difference between 
itself and the previous element. That is, successive elements will then contain sums 
and differences. The main program should read the number of numbers and check 
that it is even. It then should call the first subroutine to read the numbers to be 
amended. The main program should then call the second subroutine to amend the 
numbers as described above. The third subroutine should be called to print the 
original numbers and then be called again to print the amended numbers. All input 
should be in fixed field format and all output should be in a presentable form with 
suitable headings . 
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Chapter 14 

Functions 

Functions have already been introduced in a previous chapter. So far the functions 
that have been used have been supplied Fortran functions such as MOD, ABS, SIi 
etc. Each function bas a specific name, a list of actual parameters and a type of 
result (i.e. integer or real). Functions, like subroutines, are subprograms. Functions 
are used directly within arithmetic expressions, unlike subroutines which require a 
CJ.ll statement to invoke them. The form of a function is very similar to that of a 
subroutine. The form of a function is 

FUICTIOI naae (dumay paraaeters) 

body of the function 

EID 

14.1 Function Header 
The first line is the function header, which identifies the lines that follow as being 
a function. The function header contains 

The Name -This is the name of the function (supplied Fortran function names 
are MOD, J.BS, etc.) and it follows the rules for variable names. The type of 
the name (i.e. integer or real) identifies the type of result that the function 
will return. So a function whose name is of type integer will return an integer 
result, similarly a real name would mean that the function will return a real 
result. The result of a function is that value which is assigned to the name 
of the function from within the body of the function. That is, in the function 
the function name is treated as a variable. It is assigned a value (within the 
function), and this is the value which is returned to the calling program. 

Dummy Parameters - These are the same as specified in subroutines. When 
the function is used, it will have corresponding actual parameters. If there are 
no parameters then the brackets may be omitted from the function header, 
but they should be included in the function reference (so that the compiler 
can distinguish it from a variable reference) . 

14.1.1 Body of a Function 

The last line of a function must be 

127 
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EID 

The body of a function contains 

1. At least one IETUAI statement . 

2. At least one assignment of a value to the name of the function. 

The llETUU statement is UBed in the same way as it is in a subroutine: it specifies 
that execution of the calling program is to continue on from the point a.t which the 
function was referenced (the calling program may be a main program, a subroutine 
or a function). The assignment of a value to the function name is done so that a 
value may be returned from the function. This assignment must be by either 

1. the function name appearing on the left hand side of &n 888ignment statement, 
or 

2. the function name appearing in a READ statement. 

14.2 Example of a Function 

Suppose that we want to find the average of the first n numbers in a real array. We 
will write FUICTIOI aver to return this answer. This average will be used to write 
out a meuage. If the average is greater than 50.0 then write out that the average is 
good; otherwise write out that the average is low. The function, with some of the 
calling program, is 

REAL valuH (100) 
1. read in a value for I 
2. tHt to enaure that I is len than or equal to 100 
3. read valuH into the array 
IF (aver(t'alUH,n) .GT. 60) THE■ 

VRITE (15,•) 'Th• average i• good' 
ELSE 

VRITE (8,•) 'Th• average is lov• 
EID IF 
STOP 
EID 

FUICTI0I aver(arr ,nwa) 
REAL arr(nUll) 

Calculate the average of the first ■UM elements of .lRR 
total ,. 0.0 
DO 26 i = 1,nuai 

total • total + arr ( i) 
26 COITIIUE 

aver • tota.l/n1111 
REnJRII 
EID 

• 

• 

• 
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14.3 Explicit Type Declarations for Functions 
The default type of the result of a function is given by the type of its name. Just as 
the default type of a variable name can be overridden by an explicit declaration, so 
we may do the same with a function, by specifying its explicit type on the function 
header line as 

type FUJCTIOI nu.e (du.a:,- pu-•ters) 

For example 

REJ.L FUICTIOI na(a,i) 

would return a real number even though the name na is an integer name. It is &s 
if the name of the function (in this case n■) appears in a declaration. The function 
type must be the same in the calling program and the function, so if the default 
type is not used then the function name must also appear in a declaration in each 
program (or subprogram) where it is referenced. In the above example, the calling 
program would need the declaration 

REJ.L DII 

In the function, the function type cannot appear in a separate declaration, but must 
be put on the function header. 

14.3.1 Example of a Logical Function 
As there is no default type for a LOGICJ.L function, you must explicitly declare 
the type of the function name in the program (or subprogram) that references the 
function. For example, suppose that we have a -program to read in an array of 
number11 that repreaent1 the aalaries of people. Further suppoee that these salaries 
are sorted into ascending order, but just to ensure this we have a LOGICAL function 
called edit to test for this, and also to test that no salary is less than 100.0 nor 
greater than 100,000.0 . In the data, salaries appear one per line , with the last one 
being negative. The valuea are entered in columns 1-10. 

Author: L. Landau 
Date: October 1979 
Input Description: 

Saluie11 ue entered one per line a11 real DWllbera, in 
column■ 1-10. 
end of data ia signalled by a salary leu than zero 

c subprogram.a used: 
edit logical function to test validity of data 

LOGICAL edit 
REAL salary(1001) 
•a.xnua = 1000 
irow = 1 

c read in salaries 

10 COITIIUE 
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RE&D(6,20) Hlary(iro•> 
20 FORJU.T(F10.0) 

IF (aalary(irow) .LT. 0 . 0) GO TO 40 
iro. ., irov + 1 
IF (irow .LE. IIU!lua+1) GO TO 10 
VRITB(6,30) aunua 

An Introduction to Fortmo 

30 FOIUUT(11,'Too aanJ aalariH, can only handh ',i4) 
STOP 

40 COITIIUE 
irow • irow - 1 
IF (edit( ■ ale.ry,irov)) GO TO 60 
WRITE(6,50) 

60 FDRlliT(U, 'SalariH not sorted or out of range•) 
STOP 

ea COSTIIUE 

THE REST OF TBE NAIi PROGRAN WOUU> CONE HERE 

EID 

LOGICAL FUICTIOI edit(aalary,n) 

c author: 1. landau 
c date : oct 1979 
C purpose : 

to check that the array i• sorted into ucending order and 
that all the nwabera lie in the ru.ge of 100.0 to 100,000.0 

c paraaeter dHcription: 

salary . . . . a rea1 array of aalariee 
. . . . the nuaber of aalariee in the array 

c value returned by the function: 

it the data is ok then return. . true . 
if the data ia nbg then return . false . 

REAL aalary(n) 
IF ( ■ ala:ry(l) .LT. 100.0 .OR. 

aalary(n) .GT . 100000 . 0) GO TO 90 

DO 6 1 :: :Z,n 
IF ( ■alary(i-1) .GT. aalary(i) ) GO TO 90 

COITIIUE 

• 

• 

• 
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al.l ok so return true 

~it • .TRUE. 
RETURI 

c c011• here if error• f ound 
C 

90 COITUUE 
edit = .FALSE . 
RETURI 
EID 

14.4 Functions Vs Subroutines 
A function is usually used instead of a subroutine when one value is to be returned 
to the calling program (although other values may be returned in the parameter 
list). For example, calculating the area of a triangle from its sides is more suited 
to a function than to a subroutine. The technique used in writing the function is 
baaically the same as for the subroutine. 

1. Choose a name and type for the function (say REAL FUICTIOI area) and 
decide on it.a dummy parameters (the real quantities a , b, and c representing 
the sides). Thus we arrive at the beading 

REAL FUICTIOI area (a, b,c) 

or just 

FUJCTIOI area (a, b,c) 

2. Write the body to calculate the appropriate value from the dummy parame­
ters, and assign that value to the name of the function. This is quite simply 
done here by calculating • , and then area and then returning. 

REAL FUICTIOI area(a , b, c ) 
• = 0 . 6•(a + b + c) 
area"' SQRT( s•(s-a)•(s-b)•(s-c)) 
RETURI 
UD 

This is basically the same as the subroutine to calculate the area of a triangle in 
chapter 8, but the function is preferable because the purpose of the code is to return 
one specifi c value which may be used in an expression in the calling program. The 
calling program might reference the function with 

diff "' .lBS ( area(a1,a2,a3) - area(b1,b2,b3) ) 
WRITE (e,•) 'Th• difference betveen the triangle area■ is ' ,ditf 

where a1, a2, a3 are the sides of one t riangle and bl , b2 , b3 are the sides of 
another . 
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14.5 Why Use Subprograms? 

Subroutines and functions may be used as self-contained building blocks to make 
a program easier to write. If a problem can be divided into sub-problems that 
can be solved e&Sily, then the Fortran program which solves it can be designed 
in a similar way. This is the divide and conquer strategy of solving problems. 
Further, since a subprogram may exist in isolation from a main program, it may 
be tested independently also, and when it bas been proved to work, it may be 
combined with the rest of the program. If a subprogram is general, it may be 
used in a variety of situations, thus saving much repetitive effort on the part of 
the programmer. Programs that use subprograms are easier to follow and easier to 
maintain, two of the desirable goals that make a program 'better'. M06t computer 
installations maintain a library of subprograms which may be used to solve common 
problems such as sorting, solving sets of linear equations, returning the date and 
time, statistical analysis subroutines, and many more. These subprograms have 
been written so that they are general, and also robust. This means that they are 
likely to return an error message if the user puts unacceptable data into them, 
rather than crashing the program with no dues to the mistake. You should write 
robust programs too! 

14.5.1 Common Errors and Points to Note 

There must be the same number of parameters in the use of a subprogram as 
there are in the definition. Variable types in both parameter lists must match, 
i.e. if a parameter is an integer in the definition, then an integer must be supplied 
as the actual parameter. If an array name is used as a parameter, then it must 
be dimensioned in the calling program and the corresponding parameter in the 
definition must also be dimensioned. Both of these dimensions must be identical, 
unless adjustable dimensions are being used. In this ease, the array must be defined 
in the calling program with a fixed dimension, and the values of the dimensions must 
be supplied as parameters to the subprogram. Only arrays in the parameter list can 
have adjustable dimensions. The name of a function must appear at least once in the 
body of the function on the left hand side of an assignment statement or in a READ 
statement. Its name must be unique, i.e. no other variable in the calling program 
can have the same name as the function. The name of a subroutine must not appear 
in any statement in the body of the subroutine (except in the header) and must not 
appear as a variable name in the calling program. That is, the name must be unique. 
If the definition of a subprogram changes the value of a variable in the para.meter 
list, then a constant cannot be used as the corresponding actual parameter, or the 
value of the constant may be changed. A RETURJ statement or a logical IF statement 
containing a RETURI statement must not be the last statement of a DO loop. A CALL 
statement or a logical IF statement containing a CALL statement must not be the 
last statement of a DO loop. 

14.6 Exercises 

Exercise 14A 

Write a real function to calculate the area of a circle of radius r. 

area=rxr2 

• 

• 

• 
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where ,r == 3.14159265 

Exercise 14B 

Define an real function to compute 

/ (z) = •'+ J 1 +2z+3z2 

Then use the function to compute 

I. 

6.9 +y 
y2 + J1 +2y+ 3y2 

2. 

b _ 2.lz + z4 

- z2 + ✓1 +2z+ Jz2 

3. 

ain y 

v' + ✓1 +2y2 +3v' 

4 . 

d= l 
sin2y+ J1 + 2ainy+ 3ain2 y 

Exercise l 4C 
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Write a function aubprogram, with two parameters rand p, that calculates the area 
of an equilateral triangle of side r when p == l , a square of aide r when p = 2, a 
circle of radius r when p = 3. 

Exercise 14D 

Write a function subprogram fo r which the parameter list contains a , ia, and n , where 
a is an array name, and 11. and n are the numbers of rows and columns respectively. 
The function value is to be the sum of t he absolute values of all the elements in the 
array. T he dimensions are to be adjustable. 

Exercise 14E 

Write a function subprogram that searches a one dimensiona1 array and returns the 
largest value. 

Exercise l 4F 

Write a function that will count the number of zeros in a two dimensional integer 
array . 



134 Ao ln trodudioo to Fortr&n 

Exercise 14G 

Write a fundion to find the factorial of an integer which is eupplied to the function. 
Return the answer (do not print it in the function) . 

Exercise 14H 

Rewrite your answer to exercise BF, using function, instead of subroutines. 

• 

• 

• 
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Chapter 15 

Character Variables 

15.1 Declaration 

In 1977 a new data type waa introduced, called type character, which is used to 
store a number of characten . The form of declaration of character variables is 

CB.llUCTERH nriable liat 

The ' I' indicates the length, or number of charactere that may be stored in each of 
the variables on the list. In addition to this , or instead of tbia, variables on the list 
may be followed by an asterisk and a length 11pecification. For example 
Line 1 
Line 2 
Line 3 

CB.UU.CTER•:20 nue, addr 
CHARACTER naae•2O , addr•20 
CB.llU.CTER•S ule•10 , ■ine, rob•100 

Line 1 indicates that the two variables name and addr are character variables, and 
can each store 20 characters. Line 2 bas the same effect as line 1, but does it by 
including individual length specifications. Line 3 declares that any variables that 
do not have their own length specifications will be able to store 5 characters each. 
So, axle can store 10 characters, ■in• can store 5 and rob can store 100. There is 
no default length for a character variable, so the following declaration is illegal 

CHARACTER nu.e 

15.2 Character Arrays 

Character arrays are similar to integer or real arrays except that they contain (a 
fixed number of) characters in each element of the array. Character arrays can 
be dimensioned in a dimension statement or within the character declaration . For 
example, the following declarations are identical, and they each declare trial to be 
a character array of site 100 and x to be a character array of s ize 10. Each element 
of trial can store 48 characters, and each element of x can store 2 characters. 

CHARACTER 
DIMEISIOI 
CHARACTER•48 
CHARACTER 
CHiRACTER•48 
CBARACTER•2 

trial•48,x•2 
trial(100) ,:1(10) 
tria.1(100) ,:1(10)•2 
trial•48(100) ,x•2(10) 
trial(100) 
:1(10) 

135 
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The latter form is perhapa the most consistent with other type declarations. 

15.3 Character Constants 

A character constant, also called a literal or text constant, is any string of characters 
enclosed within single quotes. If a single quote is to appear within the character 
constant, then it muat. be immediately followed by another single quote. So far, we 
have been using character constants in beadings in WJUTB statements. Now they can 
a1ao appear within character expreBSions, analagous to integera and reals appearing 
within arithmetic expressions. IC a character constant appears on the right hand 
side of an aasignment statement, then its value is placed in the character variable 
on the left . The constant is truncated if it is too long, or is placed left justifed in 
the variable, with blanks filling the rightmost characters if the constant is too short. 
For example 

CB.lliCTEI. aa.n•B, fu■■ •12 
■an • 'abcd.' 
fun • 'The boy'•• job i ■ difficult' 

The value stored in ■an is - abc~ 
The value stored in tun is-Th• boy'• jo 

A u indicates a blank. 

15.4 Substrings 

A subatring is a portion of a string. Reference is made to subetrings with 

VJ.R(e1 :e2) AIULlY( ■ub■cripta) (el: e2) 

where Vik is a character variable, J.RRAY( ■ubscript■) is an element of an array of 
type character, and •1 and •2 a.re integer expressions. The value of e1 specifies the 
leftmoet character poaition of the substring. The value of e2 specifies the rightmost 
character position of the substring. If Jen is the length of the character variable, 
then 

1 :S cl :S e2 :S !en 

If e1 is omitted, a value of 1 is implied. If e2 is omitted, a value of len is implied. 

15.5 Examples of Substrings 

1. CBAR.lCTER•2O state 
CH.lliCTEU10 naae 
■te.te • 'Western Australia• 
na.ae .. ■tate (9:17) 
atate(1 :7) • ■ tate (9 : 16) 

Afier this, 

naae is 'Au.1tralia • 
state is 'Austral .lustral.ia' 

• 

• 

• 
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2. Asauming the original declarations above, the statements 

■tate - •abcdefghijklanopqr■tUHJl:JZ' 

= ■tate(S:20) 

will at.ore 

'abcdefghijklanopqr■ t • in ■tate and 
'efghijklan' in nu.e 

3. Find all the blanks in a character variable called line 

CB.tJUCTER•eo line 
READ (6,•) line 
DO 10 i = 1,80 

137 

IF (line(i:i) .EQ, ' •) WkITB(e,•) 'Blank in pollition ',i 
10 COITIIUE 

line(i:i) looka a bit like &n array element, but it is one character position 
in a character variable. 

4. CB.lR.lCTER•4 c(2,2).c1 
c1 = '.lBCD' 
c(1 , 1)(3:4) = c1(1 : 2) 
c(1,1)(1 : 2) = c1(3:4) 

puts 'cdab' int.o c(1,1) . 

15.6 Reading and Writing Characters 

15.6.1 Free Format 

Che.ract.er variables may be read and written using free format . In writing, the 
resultant output takes exactly as many columns as the size of the character variable. 
That is, it is not surrounded by blanks. In reading, the data is presented as a 
character constant, namely, a string of characters enclosed in single quotes! 

15.6.2 Fixed Format 

Input and output of character variables and arrays is handled by the A field de­
scriptor which has the form .. 
where • indicates the width of the input or output field . If the • is omitted then 
the declared length of t he character variable that is being read/written is assumed 
to be the width of the field . If v is specified and is different to the length of the 
variable then on input 

1. if • < length then v characters are placed lef\ justified with blank fill , in the 
variable; 

2. if• > length then the rigbtlll08t 'length' characters are taken from the input 
field; 
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and on output : 

1. if• < length then the leftmost v characters are output; 

2. if• > length then ' length' cha.rad.en are written, right justified in a field of 
length•· 

15.6.3 Example of Reading and Writing 
Conaider the following program 

CH.lR1CTElt•10 code, locat 
CBJ.R.lCTER•4 aed, lost 
READ (6,10) code , locat, ■ed, loat 

10 FORMAT (16,U2,.l3,1) 
VRITE (6 , 20) code, locat, ■ed, loat 

20 FORMAT (11,J.,1 , 2.16) 

If the input data is 

abedefghij:tl..mlopqratunxyz 

then the result of reading is 

Variable 
code 
locat ... 
lost 

and the output is 

a.bcd•uuuuuhij:tl..anop4uur•tuLLJUVVJ: 

Value 
a.bcdel.JUI..UJ 
hijtlllnopq 
ratu 

15.7 Character Operators 
The only character operator is the concatenation operator (/ /) 

u:prl / / expr2 

where upr1 and expr2 are character expressions. The value of the above expression 
is a character value that is the first expression immediately followed by the second. 
For example 

1. CBiRJ.CTER a.•4,b't8 
ll = ' abcd' 
b = a. // 'efgh ' 

results in b containing 'abcdefgb' 

2 . CB&RJ.CTER.•26 t1, t2, t3•16 
t 1 • • Gone ■hopping• 

t2 • 'blue juapar11 are in th•r•' 
t3 • t1(1:2) / / • • // t2(6 : 9) // t2 ( 17 : 23) // • lake' 

Vhat ia atored in T3? 

See Hierarchy of Operators (Appendix 2) . 

• 

• 

• 
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15.8 Comparing Character Expressions 
Two character expressions may be compared in a relational expression. Both sides 
of the relational expression must be character expressions. 1977 Fortran , as well 
as introducing character variables, made it illegal to compare a character expres­
sion (for example something encloaed in quotes) with anything other than another 
character expreseion . Greater than and less than operators are allowed, and use 
the Ascii or Ebcdic collating sequence depending upon the machine used. So, for 
example, '9' is less than 'A', which is less than 'a'. If two character expressions of 
unequal length are compared, then the shorter one is considered to be extended by 
blanks. So when using an Ascii machine, the comparison 'ab' .LT. 'a' is false 
because 'a' is extended by a blank , and blank comes before 'b' in the Ascii sequence. 

15.9 Supplied Functions 
1977 Fortran supplies functions to operate on character variables, array elements 
and expressions. The following abbreviations are used 

I = integer 
C = character 
L = logical 

param = parameter 

Function 
Name 
!CHAR 

CHAR 

LEN 

INDEX 

LGT 
LLE 
LLT 

Number of Type of Type of Descrjption 
Parameters Parameters Result 

1 C*l I Position of the pa.ram in the ta­
ble of ASCII codes (Appendix 3), 
starting at position 0. 

C 

C 

C 

C 
C 
C 

C* 1 Character in the ASCII code ta­

L 
L 
L 

ble indexed by the parameter. 
Length of param, ie. number of 
characters. 
Starting poaition of pa.ram 2 
within param 1 ( = 0 if string not 
found) . 
. TRUE. if pa.ram 1 is lexically 
greater than or equal to param 2 
, otherwise .FALSE. 
Lexically greater than. 
Lexically less than or equal. 
Lexically less than. 

15.10 Functions and Subroutines 
A character function is a function whose type is character (the value returned by 
the function is a character string). The function is declared to be of type character, 
and the function name must also be declared in the calling program. The form is 



140 An lntroduction to Fort[&ll 

CBARACTER*length FUICTIOI n&11e (d~y parueten) 

where 'length' is an integer conatant. The c&lling program must also declare the 
function type, with 

CBARJ.CTER•length naae 

15.10.1 Passing Character Parameters 
Passing characters can be a painful process, because you need to know the length 
of the character variable in order to declare it within the function or subroutine. 
Fortran has a mechanism for allowing an 'adjustable ' character length for param­
eters, so that the length used will be the length of the actual parameter for each 
subprogram reference. This is done by declaring (in the subprogram) the dummy 
parameter as 

CH1R.1CTER*(•) Hat of duay paraaetera 

For example 

SUBROUTIIE .1: (line, vord) 
CBJ.RiCTER•(•) line, vord(10) 

declares line as a character variable and vord as a character array. 

15.11 Sample Program 
The following program will read a list of names and addresses and print them out 
in a presentable form. The name on the input line occupies the first 36 columns 
and the address takes columns 37 to 80 inclusive. The end of the data is indicated 
by a blank name field. 

Author: L. Landau 
Dat•: October 1979 
Mod■: January 1981 to update to 1977 Fortran 

Input De■cription: 
Each line contain• nam.•• and addresses. The last line 
contain11 blanlt11 in the nam.e field. 

coluan11 
1 - 36 

37 - 80 

Purpose: 

■eaning 

name of per11on 
addr11■■ of per11on 

To read in and li■t people■ nam.e■ and addre1111e11 
having 60 per page, vith page count11 at the top 

CBJ.RJ.CTER•44 addr 
CBJ.RJ.CTER•36 nue 

ipag11 = 1 
lincnt = O 

• 

• 

• 
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vrite out a heading 

VRITE(6,10) ipage 
10 FORJIIJ.T( '11aae' ,46x, 'J.ddr .. ,' , 20x, 'Page: • ,i4/ 

t 1x, •----• ,46x, •-------• //) 

read the next nue and addrus 

20 COITIIUE 
READ (5, 30) naae. addr 

30 FORJIIAT(A36,A44) 

tHt for end of data 

IF (name . EQ . ' ') STOP 

check if a heading is required, then vrite out name 
and address and then go back for aore 

IF (aod(lincnt,50) .EQ. 0) TBEI 
ipage = ipage + 1 
WRITE (e, 10) ipage 

EID IF 
WRITE (6,50) naae, addr 
lincnt = lincnt + 1 

50 FORNAT(1I,A, 141,J.) 
GO TO 20 
EID 

141 

As an exercise suggest how you could modify this program to write out the address 
immediately following the name, ignoring the trailing blanks in the name field. So 
the output would be 

lit J.llen, 23 Waldorl Grade Bollyoat Drain 

instead of 

lit Allen 23 Waldorf Grade B91lyoat Drain 

15.12 Exercises 

Exercise 15A 

Write a program that will read in a line of text, and then will write out 

HAPPY BIRTHDAY text 

Input is terminated by an end of file. Use the program to print out 

HAPPY BIRTHDAY to you 
HAPPY BIRTBDA Y to you 
HAPPY BIRTHDAY dear Erin 
HAPPY BIRTHDAY to you 
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Exercise 15B 

Write a aubroutine that will return the first word in a line of text that is passed t.o it 
u a parameter. A word may be delimited by a blank, a comm.a or a full stop. You 
can ueume that the line has a maximum o( 80 character■. I( no delimiter is on the 
line, then just return the value of the line it.self. The answers present a more general 
version of this subroutine, and its calling program. When you have answered the 
question, look carefully at the presented answer. 

Exercise 15C 

Write a program to read in a value for i. If the value ia between 1 &.nd 12 {inclusive) , 
print the name of the i'th month, abbreviated to 3 letters. This program can and 
should be done without the U&e of GD TO statements. 

Exercise 15D 

Given an integer variable j with j not less than 1 and not greater than 7, set up a 
program to print one of the words MONDAY, TUESDAY, etc., depending on t he 
value of j . 

Exercise 15E 

A company manufactures n products where n is not greater than 50. Each product 
has a ~character code and a 20-character description. Write the following main 
program and subroutine. The main program reads the product information into 
two one-dimensional arrays of length 50, with codes in the first array and the 
corresponding descriptions in the second array. It then should read in a product 
code and call the subroutine which searches the first array, finds the product, and 
prints out the codt'l and description . The main program should be capable of reading 
any number of product codes. 

Exercise 15F 

Write a program to read an integer which represents the day in the year 1981. Print 
out the the corresponding date in tht'l form 

day of veelt daJ of aontb 

For example, if the input were 

328 

the output should be 

Tueed&J 24TB lo••ber 1981 

Exercise 15G 

■onth year 

Writt'l a program that will read with the A field descriptor a line of data conta.ining 
integers in fr ee field format. The data may contain the ten decimal digits, plus 
and minus signs, and commas. The program ia to convert the characters into the 
corresponding integer numbers, and print out the original data and the computed 
integer values. 

• 

• 

• 
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Additional Fortran 

The topics here are considered to be of secondary importance to the new program­
mer, but they are very useful. 

16.1 More Format Descriptors 

16.1.1 E Format 

A computer is able to represent very large, and very small real numbers. The F 
format descriptor is not convenient for reading and writing these numbers. The E 
format descriptor may be used with real variables to read or write numbers, so that 
they appear with an ezponent. The form of this format descriptor is 

Ev.d 

The ' w' and the 'd' have the same meaning as for F format. If E format is used to 
output a number the form of output will be 

.nnnnn+eee 

The 'nnnnn' are the digits after the decimal place. Plus or minus 'eee' is the 
exponent for the decimal number, and is so arranged that the first 'n' of the 'nnnnn' 
is non-zero. There will never be any digits to the left of the decimal point. The 
number of places after the decima1 point is specified by 'd'. Note that a space must 
be left for a possible minus sign to the left of the number, so there are a possible 6 
extra places taken up other than the d decimal places and so 'w' must be at least 
six greater than 'd'. The statements 

first = 2.3766 
"' -677. 32e-12 

third = 3444. 66e18 
WR.1TE(6,101) tiret,eec,tbird 

101 F0RMAT(ll,E12.3,E20.6,E14. 7) 

will print the line 

uuuu. 238+001uuuuuuuu-. 677320-009uu. 3444660+022 

On input, if the decima1 point is in the data it overrides the 'd' specification of the 
E format descriptor. The exponent need not be three digits, and the number must 
be right-justified in the field (otherwise the blanks at the right end of the field are 
read as zeros, and included in the exponent) . 
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16.1.2 L Format 

Logical values (true and false) may be read or written with the L format , which bas 
the form 

L• 

where 'w' is an integer representing the width of the field. On input, blanks and/or 
a decimal point are allowed to precede a Tor F, and the rest of the field is ignored. 
So with a format descriptor of L7, the following are all read as true, 

u-TR.UB . 
uuuT 
TB.lT'S 

whilst the following are all read as false . 

• FALSE . 

uuu.JFJ.T 

On output, 'w'-1 blanks &re written, followed b)' a Tor F . 

16.2 More Data Types 
Two other data types exist in Fortran. 

16.2.1 Double Precision 

The data type DOUBLE PRECISIOI may be used if the size of a variable will exceed 
the ma.ximum limit allowed in single precision or will be too small to be represented 
in single precision (i.e. underflow) . More often it is the cue that rather than 
the order of magnitude causing problems, it is the maximum number of significant 
figure1 (depleted by truncation and rounding erron) that motivates the move to 
double precision . The disadvantages of using DOUBLE PRECISIOI are 

1. That each double precision variable requires twice as much memory as com­
pared with that required by ordinary REAI.8. 

2. That the time taken for double precision arithmetic is appreciably longer than 
the time for the corresponding operation on REALs . 

Double Precision Con1tanta These au very 1imilar in fo rm to the exponent 
form of real constants, except that there is a D instead of the E. The general form 
is 

n.nnn . nnnnD+eee 

The n '1 are digits comprising the base value of the number, and 'eee' is the exponent 
part of the number. For example the number 1.23456 would be represented as 
1.23456D0 as a double precision constant. Other examples are 

21.34D-10 
1234615789 . 9871564D-127 
1.0D0 

• 

• 

• 
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Double Precision Variables A double precision variable is formed in the normal 
way and is declared to be double precision by the type declaration 

DOUBLE PR.ECISIOI nria.ble-list 

Arithmetic expressions are formed in double precision according to the same rules 
that apply to real expressions. The arithmetic operators(+,- ,*,/,**) are the same. 
The combination of double precision with real and integer constants and variables 
in an arithmetic expression is explicitly permitted. In both cases, the result is 
always a double precision value. It is permissible to have an integer, real, or double 
precision variable on the left side of an arithmetic statement and an expression of 
some other type on the right side. All arithmetic is done according to the type of 
the expression on the right, and the result is converted according to the variable on 
the left.. Acceptable uees of double precision quantities are · 

DOUBLE PRECISIOI dl , d2 ,d.3,d4 ,d6,d6 
dl = d2•d3+(d4-8756. 7865432D0)/dS 
dl = 4.0•d2-d3/1.1d0 
dl = r1+d1+r2 
rl = (dl•d2-d3•d4)/(dt•d6-d3•d6) 
dl = r1+2.0 
dl = (i1-B)•i2 
il = rl+dl 
d1 = d2••2 

Double Precision Functions Generic functions, described in chapter 6, may 
have double precision parameters and/or return double precision results. Some of 
these functions a.re 

ABS(double) 

MOD(dbl1,dbl2) 
MAX(dbl1,dbl2, ... ) 
Mil(dbl1,dbl2, ... ) 
DBLE (real or int. ) 

IIT(double) 
RE.lL(double) 

Sil(double) 

COS(double) 

EXP(double) 
SQRT(double) 

returns the absolute value of a 
double precision number 
remainder on dividing double precision numbers 
returns largest of double precision numbers 
returns smallest of double precision numbers 
returns double precision equivalent of real 
or integer number 
truncates double precision numbers to integer 
returns most significant part of double 
precision number as a real number 
returns sine of double precision number 
expressed in radians 
returns cosine of double precision number 
expressed in radians 
returns exponential of double precision number 
returns square root of double precision number 

Input/Output Input and output of double precision quantities is handled with 
the D field descriptor which is similar to the E field descriptor except that 

1. the list variable associated with this field descriptor must be double precision, 

2. there may be more digits, and 

3. D is used for the exponent indicator rather than E . 
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16.2 .2 Complex 

Thia data type is used to represent a complex number (in mathematical terms, 
comprising a real and an imaginary part). The representation is as a pair of real 
numben. CONPLEI constants are represented as a pa.ir of real numbers separated by 
a comma and encloeed in brackets. complex variables must be declared in a type 
COMPLEX dedaration statement. Input/output is accomplished by using two real 
field descriptors for each complex value written or read . For example consider the 
statements 

COMPLEX :treud, fruer, quincy 
R.EAD(6,100) t'nud 

100 FORJIAT(2F1O . 0) 
quincy "' (1.2 , -3 .4679) 
fruer • quincy•freud + 2.6 

Mixed mode (with the exception of exponentiation) ie allowed between type COMPLEX 
and RElL or DOUBLE PRECISIOI , and the result will be COMPLEI. A complex variable 
or const&nt may only be a88igned to a complex variable. 

Comple x Functions The generic functiorui for COMPLEX data types are 

l\£AL( coaphx) 

J.lNAG(coaplu) 

CNPLJ.(a ,b) 

C0IJG(coaplex) 

IIT(co■plex) 
ABS(ar,ai) 

SQRT, EXP , LOG, 

returns the REAL parl. of a 
COMPLEX number. 
returns the imaginary part of 
a COMPLEX number. 
express two real numbers or two 
integers in complex form. 
obtain the complex conjugate of a 
complex number. 
returns the real part, truncated to an integer . 
returns the real result of SQRT(ar .. 2 + ai••2) , 
where ar is the real part and ai 
is the imaginary part of a complex number. 

SIi or C0S(co•plex) are as for other data types. 

16.3 Data Statement 
The DATA statement is used to assign initial values to variables. This assignment is 
done at the t ime of compilation and not at the time of execution of the compiled 
program. The DATA statement is not an executable statement. The form of the 
statement is 

DATA data-list , data-list, 

where a data-list is a list of the form 

Yariable-liat / value-list / 

The variablea in the variable-.Jist are assigned the corresponding values of the con­
stants in the value-list. There must be a one to one correspondence between the 
variables and t he values, and generally the type of a variable and its value must be 

• 

• 

• 
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the same. If the types do not match then the value is converted to the variable type 
if possible (e.g. integer to real), or if conversion is not possible , the initialization 
causes an error (e.g. integer to logical or character). The statement 

DATA a,b , c /14. 7 ,62. 1, 1.6E-20/ 

assigns the value 14.7 to a, 62.1 to b, and l.5E-20 to c. The two statements 

DAU a /67.87/, b /64.72/, c /6.0/ 
DAU a, b,c /67 .87 ,64. 72,6.0/ 

have the same effect , the choice being a personal preference. It is possible to repeat 
a value a number of times. For example, the statement 

DATA r,a,t,u,Y,'11' /6•21.7/ 

assigns the value 21.7 to all six variables. The repeat count must be an integer 
constant. As the DATA statement assigns initial values to variables , it is legal to 
redefine the values of these variables later in the program, but, having done so, it 
is not possible to 're--execute' the DATA statement to return the variables to their 
initial values. Initial values may be assigned to variable lists in any program unit . 
Initial values may not be specified for dummy parameters, and may not be specified 
for any variable more than once. A variable list on a DATA statement may include 
variables, arrays, array elements, substring names, and implied-do groups, separated 
by commas. The format of an implied-do group is 

(variable-liat, inde:r: = start, end, increment) 

where start, end and increment are expressions containing only integer ccinstants. 
The increment is optional and must be positive. Implied-do groups may be nested. 
Array subscripts must be integer expressions using only constants, parameter vari­
ables (see below) and implied-do index variables. Substring expressions must be 
integer constant expressions. If lLil entire array is initialized (with no implied-do), 
then the elements are initialized with the first subscript changing fastest, etc. (eg. 
down the columns in a 20 array). If the value list is too short , the last variables are 
not initialized and if it is too long, the last values are ignored. A DATA statement is 
placed after type and dimension declarations of variables which appear in the DJ.TA 
statement . Example 

RElL a(10), b(10) 
CBARJ.CTER•4 c(2) 
DATJ. a / 10•0.0 / 
DAU ( b(i), i = 1,6 ) / 6•1£6 /, (b(i), i = 6,10) / 6•2£10 / 
DATA c(1)(1:2), c(2) /'ab', 'cdef'/ 

16 .4 Implicit 

The IMPLICIT statement assigns a data type to a name depending on the initial 
letter of the name. It has the form 

IMPLICIT type (letters), type (letters) 

where 'type' may include a length (eg. CHARJ..CTER•4) and the letters are single 
letters or letter ranges separated by commas. A letter range consists of two letters 
separated by a hyphen. For example, 8 - F means B,C,D,E,F. IMPLICIT overrides 
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the default aaeociation of particular letters with data types . The letters in brackets 
become ueoci&t.ed with the specified type. Letters which are not included on an 
INPLICIT statement retain their default types. Namee affected are all variables, 
arrays, parameter constants, functions and statement functions within the program 
unit. The IIIPLICIT statement is placed before type declarations and DJ.Ti state­
ments. It may appear after a PJ.ILlllETER atatement, in which case default types 
apply to the parameters. Example 

IMPLICIT LOGICAL (L) 
IMPLICIT CBAR.1CTER•4 (C-E), COMPLEX (F-B ,l-Z) 

After this, A,B,O-W still default to rea.l numben and 1-K,M,N to integers. The 
usual method of converting a program to U&e double precision instead of real num­
bers is to use 

IMPLICIT DOUBLE PRECISIOI (.l-B,0-Z) 

16.5 Parameter 

The P.lllMBTEll statement allows constants in a program unit to be referenced by 
names, in order to make a program easier Lo alter . It has the form 

P.lR.lllETER ( n1 = e1, n2 = e2, . . 

where n1 , n2, . .. are variable names and e1, e2 , .. are constant expressions. 
The PAJU.NETER statement is not executable, and is placed in the program before 
the parameter variables are referenced. If a parameter variable is not to have a 
default type, then its type must be declared (with IMPLICIT or an explicit type 
declaration) before the PARAMETER statement. The constant expression is evaluated 
at compile time, and may consist of constants, parameter variables defined on pre­
vious PAJU.NETER statements, or Fortran-supplied functions. A parameter variable 
cannot be redefined in the program. Each reference to a parameter variable in the 
program unit is replaced by its constant value . It is usually used in declaring array 
sizes in the main program, or to defint the length of a character variable or array, 
by putting the parameter variable in brackets. It cannot be used as a constant in a 
F0RJIAT statement. Example 

PAJU.NETBR ( n • 100, l = 80 ) 
JI.Eil. array(n) 
CHAIU.CTBR•(L) line 
DATA arraJ / n • o .o / len / l / 

16.5.1 Example Using Double Precision, Data and Param-
eter 

Read pain of X and Y co-ordinates, one pair per line, in double precision. The first 
line of data is the number of points (i.e . X, Y co-ordinatea) to be read in. Find the 
average Y value. Then for each point, print X, Y and 

Y - average 

~ 

• 

• 
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P.lRJ.NETER (naax = 30) 
DOUBLE PRECISIOI x(naax), y(naax), f, pi, ave 
D.lT.l pi/3.14169266D0/, ave/0.0D0/ 
R.EAD(S,•) n 
IF (n . GT. naax) THEI 
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WRITE (6,•) ' ■ax. no. of points allowed ia', nmu: 
STOP 

EID IF 
READ (6,10) (x(i),y(i), i = 1,n) 

10 FORN.I.T(2F16.9) 
D030i=t,n 

ave = ave + y(i) 
30 COITIIUE 

ave = ave / n 
D0601=1,n 

t = (y(i) - ave) / (pi • x(i)) 
WRITE (6,•) x(i), y(i), f 

60 COITIIUE 
STOP 
EID 

16.6 External 

FORNAT(2D16. 9) 

EXTERIIAL is a specification statement, and must precede all executable statements. 
It indicates that a name is a subroutine or function name, and not the name of a 
variable or Fortran-supplied function . It has the form 

EITERJAL names 

where ' names' are subroutine or function names separated by commas. This state­
ment is needed when the first reference to a subroutine or function does not have 
an explicit actual parameter list. For example, a subroutine or function which is 
not called from a program unit , but is passed to a subroutine or function as an 
actual parameter, is only referenced by its name, not with its parameter list, so the 
program unit needs to be able to distinguish it from a variable that has not been 
explicitly declared. Note that a function with no parameters need not have brackets 
on its FUICTIOI statement, but when it is called it must have empty brackets (as 
shown in the example below) . If a name is the same as a Fortran-supplied function , 
then the user-supplied function will be used instead of the Fortran-supplied func­
tion (eg. to write your own SIi routine). Example (see a full Fortran manual for a 
description of COIOIOI) 

EXTERIAL tun 
READ (6,•) a,b,c 
CALL aub(fun) 
calla SUB vith FUI as an actual parameter 
WRITE (6,•) a,b,c 
STOP 
EID 

FUICTIOI tun 
COIOIOI a,b,c 



llET\lllJI 
BID 

SU!ROUTIIE nb(f) 
Func:tion F ia a duaay par••tu. 
COIIIIOI :ic,y,z 
z • SQRT( f())/ (2•:ic) 

An lntrodudion to Fartr1n 

Call to func:tion F n•.cl• apty par••t•r liat 
X • Sil(z) 
y = COS(z) 
RETUIUI 
EID 

EITER.l&L tella the main program that fWl is a function or subroutine, and not 
a real variable like :ic, y and z. 

• 
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Appendix A 

Notes on Doing Assignments 

The assignments are designed to try to teach you some aspects of Fortran program­
ming. Although it is important for your program to produce the correct answer, we 
are not interested in just this. We already know the answers, and know how to do 
the problems! It is how you arrive at the answers (i.e. the structure of the program, 
and to some extent, the method used in the program) that is important. The notes 
below are intended to let you know the kinds of things that will be looked for in 
marking your assignments. The comments below apply only to those questions that 
require the writing of a Fortran program. 

1. The program must correctly solve the question asked. You should check your 
results. Some results are more easily checked than others. You should look 
very carefully at your answers and satisfy yourself that they are correct. If 
there is insufficient information printed out then you should change your pro­
gram to print out sufficient information, before handing the assignment in. 

2. The program should be written in such a way that it can be easily understood 
by you in a year's time, and also by anyone else ( who has not read the assign­
ment sheet) who understands Fortran, most importantly the person marking 
your assignment! This may be achieved by 

(a) Good program design 

(b) Choice of meaningful variable names 

(c) Well structured 'comments 

3. At the beginning of the program you should use comments to explain 

(a) What the program is designed to do. 

(b) Who wrote it. 

(c) When it was written. 

(d) What general method the program employs. 

(e) How the data (if any) is designed, and how to use the program. 

(f) Any limitations the program has. 

In order to help you to remember to put in this information you should include 
the following titles within your comments, even if they do not seem to apply 
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Author: 
Date: 
Purpose: 
Input Description: 

All aaaignments handed in must have those titles at least, or they will be 
rejected. Of course you must also fill out the titles with appropriate informa­
tion. Whenever helpful or necessary throughout the program you should use 
comments to explain 

(a) What a variable is used to represent (unless obvious). 
(b) Why a particular operation is being performed. 
(c) Any special 'tricks' you use. 

4. Headings on output. All the output from the program should be clearly headed 
so that even if you didn't have a program listing to accompany the output, it 
would be clear from your beadings what the results are and how they are to 
be interpreted. 

5. Program Generality. There a.re varioue degrees of program gener&lity, and 
a balance needs to be found. Minimally, the program should be able to be 
run again, UBing different (although the same quantity of) data, without anr 
change to the progrom whaiaoever! Sometimes program changes may be nece&­
aary, in order that the program can run with an increased amount, or different 
type of data. In this case, the fewer changes required (generally) the more 
general the program. Remember that the suggested data for any program is 
only sample, and the program mUBt be able to handle other data set.a as well. 

6. Elimination of unneceaeary program statements. This is not to be taken to 
an extreme! A program with fewer 1tatementa may in fact be a much worse 
program both in the sense of understandability and eflicency. An example of 
what will be looked for in this area is 

We have aeen how it is poeaible to repeat a series of instructions 
in Fortran by means of a DO atatement. Another means is to write 
out the statements explicitly the number of times that you wish 
them to be repeated. The latter is far worse. 

If you have any queries as to what is expected in assignments, ask about it in 
tutorials. In spite of what you may think, the auignmenta are not meant to TES1' 
you, but to help you LEARN. 

• 
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Appendix B 

Operator Hierarchy and 
Statement Order 

B.1 Hierarchy of Operators 
The following hierarchy is used to determine the order of evaluation of expressions 

Rank Kind 
1 expressions in 

parentheses 
functions 
arithmetic 

4 
5 
6 character 
7 logical 
8 
9 
10 

Operation 
all 

all 
•• (exponentiation) 
*,/ (multiplication, division) 
+,- (addition , subtraction) 
// (concatenation) 
.GT.,.GE.,.LT., .LE., .EQ.,.NE. 
.NOT. 
.AND. 
.OR. 

B.2 Ordering of Statements 

l. SUBR.oUTIJfE or FU!l'CTIOI (for a subprogram) 

2. PARAMETER 

3. IMPLICIT 

4 . DIMEllSIOI and type declarations 

5. (PARAMETER may come after type declarations) 

6. EXTERIAL 

7. DATA 
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8. executable statements • 9 . EID 
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Appendix C 

Answers to Exercises 

C.1 Chapter 2 

Exercise 2A 

L Z "" (.l+B)/(C+D) 

2 . Z = .l + 8/(C+D) 

3. Z • (A+B)/C + D 

4. Z • i + B/ (C+D/ E) 

5. Z ,. 1•(1-1)/2 

6. Z = (1-B)•(C-D) / (E•(F+G)) 

7. Y = -2.314 + (6.67*Z - 3.29E-4)•Z .. 3 + 4 . 13•Z••7 

Exercise 2B 

1. real 

2. real 

3. integer 

4. neither 

6. ,eal 

6. , ea! 

7. neither 

8. neither 

9. neither 

10. neither 

II. real 

166 
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Exercise 2C 

l . rea.l 

2. illegal 

3. real 

4. Ulegal 

5. illegal 

6. integer 

7. illegal 

8. real 

Q. illegal 

10. illegal 

11. real 

12. real 

Exercise 2D 
1. 3B is an illegal variable name 

2. Then is a mismatch of open and daie brackets 

3. 3.14159 is an illegal variable name 

4. Adjacent operators •• and -

An Wtaxluction to fortr1n 

5. Only 6 characters are allowed for variable names. 

6. X+ Y is an illegal variable name. 

7. Misaing operator between the two bracketted expressions 

Exercise 2E 

1. Z becomes - 1.0666667 (approximately) 

2. Z becomes 4.0 (note that this is NOT 4, but 4.0) 

3. Z becomes 1.0 

4 . Z becomes 6.0 

5. Z becomes 1.0 

6. K becomes 3 (note that this is NOT 3.0, but 3) 

7. K becomes 2 

8. K becomes 1 

9. K becomes 6 

10. K becomes -1 

11. K becomes 0 

• 

• 
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Appendix C. Answel'8 to Exercises 

C.2 Chapter 3 

Exercise 3A 

AUTHOR: LESLIE UIDAU 
DATE: OCTOBER 1977 
IIPUT DESCRIPTIOI: FREE FORJIAT, 2 1\EI.LS 2 IITEGERS 
PUP.POSE: 

TO READ II 4 IUXBERS AID TO VRITE THEN OUT II REVERSE 

READ(S ,•)VA.Lt, ViL2 ,IUK3 ,IUK4 
VRITE(e ,•)IUM4,JUN3, Vil.2, V.lLt 
STOP 
EID 

Exercise 3B 

C AUTHOR: LESLIE LHDAU 
C DATE : OCTOBER 1977 

IIPUT : TWO IITEGERS II FREE FORJUT 
PURPOSE: 

TO ADD, MULTIPLY , DIVIDE THE TVO IITEGERS 
AID TO RAISE THE FIRST TO THE POWER OF 
THE SECOID 

READ(6,•)I,J 
VRITE(6,•)• ORIGIHL IIPUT IS ',I,J 
K • I+J 
L • IU 
N • I/J 
I = I••J 

C WJUTB Otrl' RESULTS 

VRITE(e,•)' iDDITIOI • ',JC,' KULT • • ,L, • DIV = • ,M, 
• 'POWER= ',I 

STOP 
EID 

Exercise 3C 

Atrl'BOR: 
DATE : 
IIPUT : 
PURPOSE: 

L. UIDAU 
OCT 1977 
A POSITIVE REAL ■UMBER II FREE FORMAT 

TO CALCULATE THE ISTEGI\AL HD FR.lCTIOHL PARTS 
OF TBE 1\EI.L IUKBER READ II 

READ(6,•)ViLUE 
IIT • VALUE 
FRACT = VALUE - IIT 
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VI.ITE(ei,•)• THE IITEGIU.L PART OF ', VJ.LUE ,• IS ' ,IIT, 
t ' ilD TBB FLI.CTIOllL PART IS ' , nACT 

STOP 
EID 

Exercise 3D 

c .urrsoa : L . LllDJ.U 
OCT 77 DATE 

IIPUT : 
C PURPOSE: 

TWO II.EA.LS JI FREE FORMAT 
TO C.lLCUU.TE TBE DIFFEREICE BETVEEI 
THE SQUillES ( FIRSTSQ - SECOIDSQ) 

R.EAD(S ,•)VAL1, V1L2 
SQ1 • VAL1•VAL1 
SQ2 • V1L2 .. 2 
DIFF• SQt - SQ2 
VRITE(S ,•)VALt,' SQU.tltED IS 1 ,SQl 
VRITE(S,•)V&L2,' SQUARED IS ' ,SQ2 
WRITE(6,•)' DIFFEREICE BETVEBI SQUARES • ', DIFF 
STOP 
EID 

C.3 Chapter 4 

Exercise 4A 

1. Valid 

2. Valid 

3. Invalid (Illegal adjacent operators) 

4. Valid 

5. Invalid (Missing arithmetic expression) 

6. Valid 

7. Invalid (Illegal operator) 

8. Invalid (Illegal operator) 

Exercise 4B 

1UTBOR: LES UIDJ.U 
D.tTE : 9 SEP 79 

C IIPUT : DIE LIIE COIT.UIIIG T\10 IITEGERS II FREE FORNJ.T 
C PURPOSE : TO DBT&RMIIE VBICB IITEGBR IS TBE LUGER, llD WRITE 

TBlT DIE OUT FIRST 

READ(6, •) I■Tt, 111'2 

• 
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IF (IIT1 .GT. lrr2) THEI 
VRITE(6 . •)' IUMBERS J.RB ',IIT1,IIT2 

ELSE 
VRITE(6,•)' IUMBERS J.RE ',IIT2,IIT1 

EID IF 
STOP 
EID 

Exercise 4C 

READ (6,•) NAIii 
IF (JIAXII .EQ. 10) TREI 

FORGET = 0.0 
ELSE IF (MUii . EQ . 16) TBEI 

WRITE (6 , •) 'Gotit' 
STOP 

ELSE IF (MUii . EQ . 19) TBEI 
FORGET • 0.6 
WRITE (6,•) ' Found one' 

EID IF 

Exercise 4D 

IF (i.GT .-0 . 00001 . .l■D . J. .LT.0.00001) i = 0.0 

Exercise 4E 

IF (IID .EQ. 16) THU 
K = 6 
I :: 9 

ELSE IF (L .GT. J+4) THEI 
X :: 19.6 
READ (6,•) Y 
L = 0 

ELSE IF (MUI . LT . I) TBEI 
COST = 19 . 0 
TRY = 14.2 

ELSE 
PAY :: 0.0 

EID IF 

Exercise 4F 

C Author : K. Bandel 
C Dat. : 30-8-84 
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C Purpo-se : To add, subtract, multiply or divide two nwnbere A and 

which are read from input. 
C Input : On line 1, ent • r an integ•r code, in free format , 

reprHenting the type of operation. 
On another lin•, •nter the nwnbere to operate on . 
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The cod•• are : 1 for .l + B 
2 for i - B 
3for.l•B 
4for.l/B 

A a 1n troductioo to FortCAO 

WRITE (e.•) 'Enter one of the :following codH 
WRITE (8,•) 1 to add tvo nuabera • 
WRITE (e,•) 2 to aubtr•ct the 2nd. nuaber froa the 1at' 
WRITE (8,•) 3 to ■u1tiply two nuabera' 
VRITB (e,•) 4 to dhide the tat nuaber by the 2nd' 
WRITE (6,•) 
VI\ITE (6,•) 'Which cod.a do you vant?' 
READ (6,•) ICODE 
WRITE ( e, •) 'Enter the 2 nwaben, .. parated by a. comma or blank: • 
READ (6 , •) J., B 
IF (ICODE . EQ. 1) TBEI 

US ., i + B 
WRITE (6,•) 'Sua of ', A, ' and ' , B, ' ia ', .llS 

ELSE IF (ICODE .EQ . 2) TBEI 
.llS=J.-8 
VJUTB (8 , •) ' Difference betvaen •, A, ' and ' , 8 , • i• ', ilS 

ELSB IF (ICODB . EQ. 3) TilEI 
J.IS = i • 8 
WRITE (8 , •) 'Product of •, A, • and ', B, ' ia ', &IS 

ELSE IF (ICODE ,EQ, 4) TBEI 
IF (8 .EQ . 0) TBEJ' 

WRITE (e.•) 'Can' 't diTid• by zero! ' 
STOP 

ELSE 
.l■S • .l/B 
WRITE (8,•) ' Quotient of 1 , .&, ' on •, B, ' i• ', .llS 

EID IF 

ELSE 
WRITE (6,•) ICODE, ' b an ill•gal c::ode!' 

EID IF 

STOP 
EID 

C.4 Chapter 5 

Exercise SA 

I. FALSE 

2. TRUE 

3. FALSE 

4. FALSE 

• 

• 

• 
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Appendfr C. Answers to Exercises 

5. TRUE 

6. FAISE 

7. FAISE 

8. TRUE 

9. FALSE 

10. FALSE 

Exercise 5B 

l. correct 

2. incorrect (statement label is a variable) 

3. correct 

4. incorrect (DO-variable cannot be a number) 

5. correct 

6. correct (real number is truncated to an integer) 

7. correct 

8. correct 

9. correct (1, N4A2 and 2 are converted to real numbers) 

10. correct 

11. incorrect (missing statement label) 

Exercise 5C 

1. 14 

2. 0, 4, 8, 12, 17, 21 , 25 , 29 

Exercise 5D 

l. 12 

2. 12 

3. 9 

4. 15 

5. 4 

Exercise 5E 
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44 because J is incremented to 44 , then tested against 38, and control is passed to 
the WRITE statement . 
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Exercise 5F 

iUTBOR: 
DJ.TE : 

IIPUT : 

LBS LilD.lU 
9 SEP 79 
THERE IS 10 IIPUT 

C PURPOSE: TO ADD UP ALL TBB EVEI IITEGERS BETWEEI 98 J.ID 224 
IICLUSIVELY • llD TD VllITB OUT THE TOTAL. 

lTOTiL = O 
DO 6 11111 • 98,224,2 

ITOUL ,. ITDT.lL + IUJI 
6 COITIIUE 

WRITE OUT TBE RESULTHT TOT.AL 

VRITE(O,•) ' SUII OP EVEI IITBGUS FROM 98 TO 224 = ' , ITOTiL 
STOP 
BID 

Exercise 6G 

C 

C .lUTBOR : LES LllDJ.U 
C DATE: 9 SEP 79 

FIRST LIIE: C IIPUT : 
THIS COIT.UIS ii IITEGER. II FREE FORJllT VBICB 
IIDICiTES TBB WMBBR OF LIIBS TO FOLLOW 

SUBSEQUEIT LIIES : 
COIT.I.II .l REJ.L IUJIBER (FREE FORMAT) 

C PURPOSE: TO DETERJIIIB THE LARGEST AID SMALLEST IUMBER 
C 
C RESTRICTIOI : THERE KUST ~E AT LEAST DIE IUKBER 
C 

WD II BCV 11.llY IUMBBRS THERE ARE 

R.EJ.D(6,•) IUJI 
IF (IUJI . LT . 1) TBEI 

VRITE(8 , •) ' YOU ■BED .lT LEAST DIE IUJIBBI! ! ' 
STOP 

BID IF 

llE&D II THE FIRST WKBEA AID SU ITS BOTH THE BIGGEST AID 
THE SMALLEST • 

RRAD(6 , •) VAL 
BIG • VAL 
SIU.LL s VAL 

IOV PROCESS THE REJU.IIIIG IUK- 1 ltnlBERS 

• 

• 

• 
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Appendix C. Answers to Exercises 

DO 5 L = 2,IUN 
kEAD(6,•) VAL 
IF(VAL.GT.BIG) BIG= VAL 
IF(VAL.LT.SNALL) SN.ill= V.lL 

6 COITIIUE 

WRITE OUT RESULTS 

WRITE(6,•) 'THE L.lRGEST IUNBER VAS ',BIG 
VRITE(6,•) 'THE SMALLEST IUKBER VAS ',SN.lLL 
STOP 
EID 

Exercise 5H 

Purpose : calculate depth of a well 
Input 
.luthor : K. Bandel 30-8-84 
G : 9.807 
S = 331.6 
S2G = S .. 2/G 
D025T==1,3 

D = S2G + S•T - S2G•(1+2•G•T/S) .. 0.6 
WRITE(6,•) 'Depth at time ',T,'is ',D 

26 COITIIUE 
STOP 
EID 

C.5 Chapter 6 

Exercise 6A 

1. AIS : SQRT(B•B - 4.0•.l•C) 

2. AIS = Sil(2.4) 

3. U.IS== N.lX(J ,LARG) 

4. AIS : NAX(A,BIG) 

5. AIS : ABS(ECC) 

6. IAIS== ABS(I) 
JAIS= ABS(M) 
HS = ABS{A) 

7 . .11S = REAL(KKK) 

8. US = SQRT(REAL(IIT)) 

9. AIS = MAI(REAL(I) ,I) 

163 
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Exercise 6B 

C AUTHOR : 
DJ.TE 
IIPUT 

C PUP.POSE : 

C RESTRICTIOIS : 

L.LllD.lU 
7TB OCTOBER 1977 
DIE IITEGER II FREE FORJIAT 
TO CALCULATE THE FACTORU.L OF THE IITEGER 
READ II 

THE UIIVAC COMPUTER CH OILY REPRESEIT 
IITEGERS UP TO 2**36 -1 AID SO THE 
N.llIMU!I FACTORIAL IS 12 ! 

READ(S,•)IUII 

C STOP THE PP.OGRAM IF IUll 15 TOO BIG 

IF (IUII .GT. 12) TBEI 
VRITE(8 , •)IUII , ' IS TOO BIG, 12 IS KU ' 
STOP 

EID IF 
IF.lCT = 1 
DO 6 NULT = 2, IUII 

IFJ.CT s IFACT•MULT 
COITIIUE 

C OUTPUT RESULTS 

WRITE(S,•)• THE FACTORIAL OF ' , IUII,' IS ' , IF.lCT 
STOP 
EID 

Exercise 6C 

1. N = NOD(IJ ,K) 

2. SNI.LL = Nil(.l,B) 

3 . WARK = RE.lL(IOl)/RE.lL(KH) 

Exercise 6D 

C AUTHOR : K. BJ.IDEL 
C DATE : 28 JUIE 81 
C IIPUT : (1) J.I IITEGER II FREE FORKJ.T IIOICATIIG THE IUHBER 

OF VALUES TO FOLLOW 
(2) THE VALUES, REAL ■UMBERS, DIE PER LUE 

PURPOSE : FIID THE AVERAGE OF HY IUMBER OF IUKBERS READ 11 
FRON IIPUT 

RESTRICTIOI : THERE MUST BE AT LEAST DIE IUKBER 

• 

• 

• 
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Aµpendix C. Answers to Exercises 

TOT1L • 0 

RUD (6,•) IUM 
DO 100 I = 1,IUN 

READ (6,•) VAL 
TOTAL = TOT.l.L + VJ.L 

100 COITIIUE 

AVER = TOTAL/JUN 
WRITE (6,•) 'AVER.AGE IS • ,AVER 
STOP 
EID 

Exercise 6E 
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C Purpose Find the a.verage and standard deviation of num.bera 
which are re&d from input. 

Input (1) An integer in tree toraa.t indica.ting the nWD.ber 
ot va.lues to 'follow. 

(2) Values to be avera.ged, one real nWD.ber per line 
in tree foraa.t. End ot da.ta i ■ end-of-file marker. 

C Author : K. Bandel 29-8-84 
C TOTJ.L i ■ the eua of the values 
C SS i ■ the eu.a of the squares of the values 
C IUJII is the nWD.ber of va1ues 

TOTAL = 0 
SS c 0 

REJ.D (6,•) IUK 
DO 10 I = 1,IUM 

REJ.D (6,•) VAL 
TOTJ.L = TOTAL + VAL 
SS = SS + VAL .. 2 
IUM =IUK+1 

10 COITIIUE 

AVER = TOTAL/IUM 
SO = SQRT( SS/IU!I - AVER••2) 
WRITE (6,•) 'Average i ■', AVER 
WRITE (6,•) 'Standard deviation is', SD 
STOP 
EID 

C.6 Chapter 7 

Exercise 7A 

C Atn'BOR: L. LAIDAU 
DATE: 9 SEP 79 
IIPUT: THREE REAL !UMBERS HD OIE IITEGER 
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II FREE FORJU.T . IIPUT FOR VHUJILES 
i , 8 , P. It (R.ESP) 

C PURPOSE: TO DO DIE OF TRUE CJ.LCULlTIOIS 
C DEPDDIIG 01 JC BEIIG -VB,O,+V£ 
C 

RE1D(6,•)1, B, P, K 
IP(IL LT .0) Y • SQRT(J.••2 + Sil(P) .. 2) 
IF(IC.GT . 0) Y"' SQJLT(B••2 - Sll(P)••2) 
IF(K.EQ.O) Y = SQRT(U•2 ♦ 8 .. 2) 

WRITE our RESULTS 

vuncs.•) 'P.lll.illETERS READ II : .l - ' ,J. , 
t 'B • ',8 , 'P • 1 ,P, ' K • ',IC 

VRITE(S,•) 'CiLCUU.TED VALUE, Y • ', Y 
STOP 
EID 

Exercise 7B 
C .tUTBOR: It.RUDEL 
C DATE : 6 AUGUST 1981 

IIPUT : 1018 

PUUDSB : CALCULATE B TO TBB POWER OF l 
FOR. l Al IITEGER IU.IGIIG FROJt 1 TO 100, 
USIIG TSE EIP FUJ'CTIDI . 

C RESTILICTIOI : l WILL BBCOJIE TOO LUGE FOR BlP 
AT SOJIB STAGE. l COULD BE KADE 
IITO DOUBLE PRECISIOI TO ElTEID 
TBB ltAIGB. 

IITEGER I 
DO 10 l • 1,100 

VlllTE (8,•) l,EIP(l) 
10 canuuE 

STOP 
EID 

Exercise 7C 
Algorithm 

1. Initialize MAX.AGE and MINAGE to impoesible ages (or to the first peraon's 
age). Aaeume there is at lea.et one pereon. 

2. Read id and age for a person. If end of data, go to 5. 

3. If age is a new minimum, update MIN AGE and corresponding id. 

4. If age is a new maximum, update MAXAGE and corresponding id. 

• 

• 

• 
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Appendix C. Answers to Exercises 

5. Print MIN AGE, MAXAGE and corresponding id's. 

Program 

C Author : K. Handel Aug 1984 
C Input : One line per person, Each line baa: 

identification number and age (2 integers in free 
foriu.t). End of data ie an end-of-file marker. 
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Purpose : Find aa.xi.•11.11. and ■inim"llll ages and corresponding id'• 
C Initialize to i.Japouible agee 

NiXiGE = -1 
NII.I.GE = 999 

15 REiD(5,•,EID=25) ID, IAGE 
IF (U.GE. LE. NII.I.GE) THEI 

MIIAGE = IAGE 
NIIID • ID 

EID IF 
IF (UGE,GT .HAUGE) THEI 

NiliGE = UGE 
NUID = ID 

EID IF 
GO TO 15 

( cannot use ELSE IF in CU. 
the first person ia the 
oldest) 

25 VRITE(6,•) 'Youngest person is ',MIIID,' with age ',NIIAGE 
VRITE(6,•) 'Oldeat person is ',NiXID,' with age ',MAXAGE 
STOP 
EID 

Alternatively; 

C Initialize to age of firet pereon 
READ (5,•) ID, UGE 
NU.I.GE = UGE 
NIHGE = UGE 
NAXID = ID 
NIIID = ID 

15 READ (5,•,EID=25) ID, UGE 
IF (UGE.LT .MIIAGE) THEI 

NII.I.GE = IAGE 
NIIIID "' ID 

ELSE IF (UGE . GT . NiXAGE) THEIi' 
MAIA.GE = IAGE 
MAXJD = ID 

EID IF 
GO TO 15 

25 WR.ITE(6,•) MIIID, MIRAGE , MAXID, KAXAGE 
STOP 
EID 

Exercise 7D 

Algorithm 

1. Read number of people (N) . 
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2. Initialiie number of people over 30 (NOLD) . 

3. For each pen,on, 

(a) read ID, AGE, SEX (sex is integer) . 

(b) write ID, AGE, SEX (in characteni) . 
(c) it AGE > 30 then increment NOLD. 

4. Write NOLD. 

Program 

C J.uthor : K. Bandel J.ugu■t 1984 
Purpo•• : For people in a •ur••Y, print th• identification 

nuab•r, &g• and ••s of ••eh p•r■on . 
U■o print the nuaber of ptioph oTer 30. 

C Input : First line contain■ the uuaber of people 
(an inhg•r iJ& fn• foraat) . 
Then , one lin• per person . Each line ~ 
iden.t. , as• and Hz (3 int•g•n in frH foru.t) . 

IITBGER 1GB, SEI 
101..D = 0 
lllD(6 , •) I 
D01001•1,I 

lllD (6,•) ID, .lGE, SEX 
IF (SEJ..EQ.0) TBU 

VRITE(8,•) ID , .lGE, ' Nal■ ' 
ELSE 

VR.ITE (6,•) ID, 1GB, ' Fe■al■ ' 
EID IF 

IF (AGE . GT. 30) ■OLD = ■OLD + ,1 
100 COITIIUE 

WRITE (6 , •) 'IU11ber of people over 30 • 1 , IOLD 
STOP 
EID 

Exercise 7E 
lln'B0R: L. LHDlU 9 SEP 79 

■odi1ied by JC. Bandel 30-8-84 
C IIPUT: X, 1 llEJ.L IUJIBER II FREB FOIUU.T 
C PURPOSE: TO EVALUATE THE SUN OF THE SEkIES 

READ (6,•) I 
SUN • 1.0 
Cl = COS(I) 
TERK '"' 1.0 

I 
COS (X) 

FORl • 0T020 
I! 

• 

• 

• 
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C SUJI TBB SERIES 

DO 6 ITERJIS = 1 , 20 
TBRJI • TERN • Cl / ITBRJIS 
SUII ,. SUII + TBJUI 

6 COITIIUE 

C WRITB OUT RESULTS 

WRITB(l5,•) 'THE V.lLUB OF F USIIG I • ',I,' IS ',SUM 
STOP 
EID 

The factorial is not calculated in a separate variable because it overflows at 13! 

C. 7 Chapter 8 

Exercise SA 

1. legal 

2. illegal 

3. illegal 

4. illega1 

5. legal 

6. legal 

7. illegal 

Exercise SB 

1. yes, 8A(a) 

2. no 

3. yes, 8A(e) 

4. Y", 8A(f) 

Exercise SC 

C prograa to call aubroutin• IIVERS vith specific values 
C Author : K. Bandel 21-8-84 
C Input : none 

X = 6 

call invua(x,y) 
vrite (6,•) 'Inverse of', x, 'i•', y 
X = 0 
call invera(x,y) 
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vrite (15,•) 'Inverae of', x, 'ia', J 
call innra(0.6,y) 
write (15,•) ' lnwerH of 0.6 ia', y 
atop .... 
aubroutin• invere(:r:,_y) 

c input paraaeter : :r: 
c output paraaeter: y, the inverse ot x 

if ( z .eq. O ) then 
J • 0 

alee 
1 • 1/s. 

end i1 
return .... 

An £ntroductioo to Fortran 

Exercise 8D 

SUBP.OUTIIE TRIG (llGLE,mEGS , IIIIS , I SECS) 
C .lUTBOI\: K. HilDEL 
C DATE : 

IIPUT: 
PURPOSE: 

PlliltETERS: 

6 AUG 1981 
lone 
Connrt an angle in degr .. , (real nuaber) 
into degreH, ainut u and aeconda (integ.ra). 
Second.a are rounded to the nearest integer. 

IIPUT : AIGLE - angle in degrHa (R.E.l.L) 
OUTPUT : IDEGS,1111,ISECS - integer nuaber of degieu , 

■inutea and aeconda . 
IDEGS • AIGLE 

C J:tter subtracting the •hole degr•••• convert the remainder 
C to ainutH (REAL). 

llEN ~ (HGLE - IDEGS) • 80 
IUIS"" P.EJI 

J.fter aubtracting the •hole ainutea , con·Hrt the r emainder 
to aeconda. 0.6 ia added before truncating the •econda to 

C an integer, ■o the effect i■ r ounding to the nearHt integer . 
ISECS = (REIi - NIIS) • eo ♦ 0.6 
Round to •hole ■inute ■ and/or degreu if nece■aary 
IF (ISECS . EQ . 80) TBEI 

ISECS = 0 
"115 = RIIS ♦ 1 
IF (11115 . EQ. 60) THE■ 

11115 = 0 
IDEGS = IDEGS ♦ 1 

EID IF 
EID IF 
RE1UJtJ 
EID 

• 

• 

• 
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ApPendix C. Answers to Exercises 

Exercise SE 

SUBROUTIIE FiCT(l,IFiCT) 
C JI overflovs for I > 12. 

IF (I .GT. 12) TBEJ 
WRITE (6,•) I, ' i■ too big. 12 i11 aax.' 
JFiCT = 0 
RETURI 

EID IF 
JFiCT = 1 
DO 25 I=2,J 

IFiCT = IFACT•I 
25 COITIIUE 

RETURI 
EID 

Exercise SF 

n n! 
Calcul&tH C vhere C 

r r r!(n-r)! 
for non-neg&tive integers n and r. 
Input : n and r in free format. 
K. Handel 28-8-84 

IITEGER R, RFACT 
REl.0(5,•) I, R 
IF (I.LT.O .OR. R.LT.O .OR. I.LT.R) THEI 

WRITE(6,•) 'I c&n' •t do that' 
STOP 

EID IF 
CALL FiCT(J, IFiCT) 
CALL FiCT(R, RFiCT) 
CALL FiCT(I-R, IRFACT) 
ICR = JFiCT/RFACT/IRFACT 
WRITE(6,•) 'There are ',ICR,' vays of choosing ',R, 

t 'objects from', I, 'object•' 
STOP 
EID 

SUBROUTIJE FACT (I ,IFACT) 
C I! overflova for I > 13. 

26 

IF (I .GT. 13) THEJ 
WRITE (6,•) •• ' is too big. 13 ill ma.x.' 
JFACT = 0 
RETIJRI 

EID IF 
JFACT = 1 
D025Iz2,I 

JFACT = IFiCT•I 
COITIIUE 
REnJRI 
EID 
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C .8 Chapter 9 

Exercise 9A 

1. There is no field descriptor in the FORMAT corresponding to the variable K. 
This may be fixed by putting in a field descriptor for K or by eliminating K 
from the WRITE statement . 

2. (a) GATHER requires an F field descriptor 

(b) MOSS requires an I field descriptor 
(c) The field descriptor F3.5 doesn't make sense. 

3. (a) There is no terminal statement for the DO 
(b) There is no point in setting I to 17 outside the 00 u we read in a value 

for it within the DO. 

( c) We cannot read in a value for K within the DO as K is the control 
variable (and we are no allowed to change it), 

(d) As F ia not used within the loop , its value will be overwritten each time 
around the loop. 

(e) The writing out of I requires an 1 field descriptor . 
(() The construction .=. is not allowed and should be .EQ. 

Exercise 9B 

There will be 4 lines printed (including blank lines) . 

Exercise DC 

0 10 -68790062••··· 
.00 16.77-686.21 6.48 131.10 

Exercise 9D 

1. 676.7 

2. 6381 

3. ul.JI.JU.J132.6 

4. •••• (need F5.2 to get 12.16) 

5. uuu..u99999 

Exercise DE 

C .lUTBOR.: LES UID.lU 
C DATE : 9 SEP 79 
C IIPUT: TVO REAL JUKBEI\S II FREE FOIUl.lT 
C TBE FIRST IS THE LEIGTB OF CUBE .l 

TBE SECOSD IS THE S"ALLEST SIDE OF BLOCK B 

• 

• 

• 
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C PURPOSE : TO C1LCUI.1TE THE SURFACE AREAS OF CUBE A AID 
BlDCK B, AID ALSO TO FIID THE LARGER OIE AID THE 
DIFFEllDCE II .1.llE.l 

C NETBOD OF C.I.LCUU.TIOI : 
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C THE .I.RE.I. OF .I. CUBE IS 6 TINES THE SQUARE OF THE WIDTH 
THE .I.RE.I. OF THE BLOCK B IS GIVEI BY : 
2•2X•3K + 2•2K•K + 2•3K•K (1 . e . 22•K•K) 
WHERE K IS THE LEIGTB OF THE SHOR.TEST SIDE 

R.EiD(S,•) B, BK 
AR.EU. :: 6 • H••2 
AR.ElB ., 22 • K••2 
DIFF = ABS(AR.E.U - AR.BAB) 
BIG = NAX(AR.EU , AR.ElB) 

IOW WRITE OUT THE RESULTS 

WRITE(6,100) 
100 FOR.MAT('1','LES LUDAU', /// 

$ 521, 'COMPARISOI OF SURFACE AREAS '///) 
WRITE ( 6 , 101) B, BK, 8KB, BKL, AR.EU, .i.R.E.i.8 

101 FORNAT(11 , 'SIDE OF CUBE .i. :' ,Sl,F10 .2,/ 
t 11 ,'WIDTB OF BLOCK B: ',31,Fl0 . 2/ 
t 1X, ' HEIGHT OF BLOCK 8 : • ,21 , F10 . 2/ 
t 11, ' LEIGTB OF BLOCK B: ' ,21 ,F10. 2// 
t 11, 'SURFACE AR.EA OF A: ' ,21,Fl0. 2/ 
t 1X, ' SURFACE AREA OF 8 :' , 2l , F10.2/) 

WRITE(6, 102) DIFF ,BIG 
102 FOR.MAT(11 , 'DIFFER.BICE II SURFACE AREA : • ,3X,F10. 2// 

STOP 
EID 

Exercise 9F 

11, 'LARGER SUR.FACE AREA : ' , 3X,F10.2) 

AUTHOR : L: L.llDAU 
C DATE : 9 SEP 79 

IIPUT : THERE IS JO IIPUT 
PURPOSE : TO PRIIT OUT THE SIIE, COSIIE 

T.llGEIT , SECAIT, COSECAIT, COTHGEIT 
OF EVERY IITEGRAL .i.lGLE FRON 
1 TO 89 DEGREES 

WRITE (6, 10) 
10 FOPJl.lT( ' 1 ' , 'AIGLE' ,41 , ' SIIE ' , 61, 'COSIIE', 

t 61, 'TilGEIT', 71, ' SECUT' , 71 , 'COSECAIT' , 
t 61, 'COTUGEIT' ) 

C CALCULATE THE VJ.LUE OF PI FRON AT.ll FUICTIOII' 
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PI • 4.0 • lT.ll(1.0) 
DEGR..lD "' PI/180.0 
DO 15 IDEG = 1,89 

C FIID THE TRIG FUICTIOIS 

HGLE = IDEG • DEGR.1D 
S = Sil(HGLE) 
CS = COS(llGLE) 
T =- T.ll(HGLE) 
SEC ,. 1.0/CS 
case= 1.0Is 
COT • 1.0/T 

C WRITE OUT RESULTS 

An lntrodudion to Fortran 

VRITE(6, 20) IDEG, S, CS, T, SEC ,case ,COT 
16 COITIIUE 

20 FOJlM.lT(tl,31, I2,3I,F7. 4,41,F7 .4,4(41,FtO. 4)) 
STOP 
EID 

C.9 Chapter 10 

Exercise lOA 

1. A type F field descriptor is required for reading in a value for A 

2. There is no such relational operator as .GRT. A field descriptor ofl5.l does not 
make sense. The format for writing out J should contain an I field descriptor. 

3. Finishing a DO statement on a FORMAT statement is not a good practice. 
Cannot divide by zero ( J/K is trying to do this) 

Exercise 10B 

2. 2 

Exercise lOC 

I. 1/UJDA VDT IT VILL BE 
123 456.127 98.0 12 46 .6 78.0 

2. WIDA VDT IT VILL BE 
12345 6.1279 8.0 12004 567 .8 0 . 1 

3. WIDA VDT IT VILL BE 
23.4 66.1 279 8. 00012004 6.67 

• 

• 

• 
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Chapter 11 

Exercise 1 lA 
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1. The array J is dimensioned to size 20 and yet the DO loop will index up to 
100 

2. The left hand side of the third line should have a subscript, as the &?ray 
ARRAY muat always appear with a subscript. 

3. The variable I is being used 88 both an array AND 88 a simple variable. This 
is not allowed. ARRAY(I-1) when I is 1 will be referencing ARRAY(O) which 
is illegal. 

Exercise llB 

AUTBOR: K. BilDEL 
DJ.TE: 6 AUGUST 1981 

C IIPUT: Rainfall data :tor 8 localiti••• one line per locality. 
12 real nuabera per line, in fr•• format, 
repruenting the raintall :tor each o:t the 12 months 
:tor a locality. 

C PU&POSE: calculate average raintal.l tor each o:t 8 localities. 

REAL U.11(12) 
DO 40 LOCAL = 1,8 

READ (6,•} RAIi 
J.VE = 0.0 
DO 20 NOITB = 1 , 12 

J.VE = J.VE + RJ.II (NOITH} 
20 COITIIUE 

WRITE (6,•} 'Average rainfall :tor locality' ,LOCAL, 
' ia', AVE/12.0 

40 COITIIUE 
STOP 
EID 

Exercise 11 C 

1. correct 

2. correct 

3. incorrect 

4. correct 

Exercise 11D 

1. X appears in a DIMENSION statement and so should have a subscript in the 
second line 

2. no error 

3. Cannot have a REAL variable 88 a subscript . 
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4. A variable may not appear twice on a DIMENSION statement. The maximum 
subscript for T is 6 

Exercise llE 

DIKEISIOI 8(100) 
DO 6 LOC "" 1,100 

B(LOC) • 0.0 
COITIIUE 

Exercise llF 

J.UTBOR: L LJ.IDJ.U 
C DATE : SEPT 1979 
C IIPUT DESCRIPTIOI: 
C FIRST CJ.RD : 

COITUIS Al IITEGER (II FP.EE FORMAT) 
VBICB IIDICATES THE IUJIBER OF CARDS 
TO FOLLOW . 

C FOLLOWIIG C.lRDS : 
COLUMIS TYPE MEUIIG 
1-2 IITEGER IDEITIFIC.&TIOI IUMBER 

•-• 
Sl-12 

PURPOSE: 

IrrEGER IUNBER OF EGGS LAID 
THIS MOITB 

IITEGER FEED COISUMED (GRJ.11S) 
IITBGER VEIGBT OP TBE BUD (GRAMS) 

READ II BEi DATA AID PRIIT OUT FOR EACH REI 
(i) IDEIT 
(8) EGGS LAID AID DIFFEREJCE FRON AVERAGE 
(C) FEED EATEI, DJFFEREICE FROM iVEJU.GE 
(D) BIRD WEIGHT, DIFFEREJCE FRON J.VERJGE 

THERE IS .l LIMIT OF 60 REIS 

DIKEISIOI IDErr(SO) ,L1YD(60), IFEE0(60) 
DIKEISIOI IVEIC:11(60) 

ll&AD II IUKBER TO PROCESS JID EISUllE < 60 

RE.\0(6,•)IUJI 
IF(IUM . GT. 60) TBEI 

VRITE(CS,•)• TOO NJ.IY BEIS, Nil IS 60 . RECOMPILE ', 
• PROGR.lll WITH LARGER .lRJU. YS • 

STOP 
EID IF 

ITOTEG • 0 

• 

• 

• 
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A£2.endjx C. Anawen to Exercmes 

ITOTFD • O 
ITOTVT ,. 0 

C llEJ.D II BEi DJ.Ti .I.ID CONP1JTB TOT.I.LS 

DO 6 IBU • 1,IUN 
RE.I.D (6, 10) IDEIT(IBEI) , L.I.YD(IBEI), IFEED(IBEI), 

IVBIGB(IBEI) 
ITOTEG "' ITOTEG + UYD(IBEI) 
ITOTFD • ITOTFD + IFEED(IBEI) 
ITOTVT "' ITOTVT + IVEIGB(IBEI) 

5 COITIIUE 
10 FORM.l.?(12,12,14,14) 

C WRITE OUT RESULTS 

WRITE(6,16) 
16 FORM.I.T('1' ,'BEi .1.HLYSIS'/ 

t 11,111,'EGGS DIFFEREICE FEED 
$ 'DIFFBREICB BIRD DIFFEREICE' / 
$ 11,' IDEIT' ,SX, 'UID' ,4X, 'FROM .I.VE', 
t 41, 'BJ.TRI FRON AVE' ,SI, 'WEIGHT', 
t 31, 'FRON AVE') 

.I.VEEG "' RE.I.L(ITOTEG)/IUN 

.I.VBFD : llEJ.L(ITOTFD) /IUN 

.I.VEVT • lE.I.L(ITOTWT)/IUN 
DO 26 IBEI "' 1,11.JN 

DIFEG = UYD(IBEI) - AVEEG 
DIFFD "' IFEED(IBEI)- .I.VBFD 
DIFWT • IVEIGB(IBEl)-.1.VEVT 
WRITE (6,20) IDEIT(IBEI) ,UYD(IBEI) ,DIFEG, 

IFEED(IBEI) ,DIFFD, 
IWEIGB(IBEI) ,DIFWT 

20 FOJUl.lT(2X , 14, 61, 14,41,FS .1,6X,I4,4X,F8.1, 
61,14,41,FS . 1) 

26 COITIIUE 

C WRITE OUT TOT.I.LS .I.ID .1.VEJU.GES 

WRITE(6 ,30) ITOTEG, ITOTFD, lTOTVT 
30 FORMAT(//11, 'TOTALS: ', 16,161, 16, 17X, 16) 

WRITE( 6, 35) .1.VEEG ,AVEFD , AVEVT 
36 FORMAT(tx,'AVBJU.GE: ',F6.1,16X,F6.1,16X,F6.1) 

STOP 
EID 

C.10 Chapter 12 

Exercise 12A 

C idd N x I arra.y• A and B together and store in N x I 

177 



178 An Introduction to Fortr&n 

C array C. Nu JI is 14, au: I i• 10 . 
C Thi• i• just a seriea of atate■enta, not a full program. . 

11.EJ.L .l(14,10). 8(14,10). C(14,10) 
D01001=1,N 
D0l00J=l,I 

C(I,J) = A(I , J) + B (I,J) 
100 C0ITIIUE 

Exercise 12B 

C AUTHOR : L UIDAU 
C DATE : SEPT 1979 

IIPUT DESCRIPTIOI: 
TBEI\E IS 10 IIPUT 

C PURPOSE : 
TO GEIEJUTE THE IUMBERS 1 TO 30 II ii .lRJUY 

C llD TO WRITE OUT TBE ARRAY 
C (A) 01 on LIIE 
C (B) SPllElD OVER 6 LIIES WITH LUE IUJIBERS 

IITEGER IUJl(30) 

PUT IUKBERS IITO IUN HD WRITE IT OUT 

D061•1,30 
IUJl(I) = I 

6 COITIIUE 
WRITE (CS, 10) (WJl(I) ,1•1, 30) 

10 FOJUU.T(11,'TBE IUKBBRS .lkE'/ 
•o• ,aoc1a, 11)) 

C IOV VRITB OUT TBB ARAU OVER 6 LIIES 
C PREFIIIIQ E.lCB LIIE WITH J. LIIE IUMBER 
C 

1ST • 1 
IFII• IST+S 
D0201=1,6 

VllITE (S, 16) I, (IUK(K), K • 1ST, IFII) 
16 FORJl.&T(1l,I6,616) 

1ST • IFil+1 
IFII= IFil+6 

20 COITIIUB 
STOP 
EID 

Exercise 12C 

AUTHOR : LES LHDAU 
DATE: 26TB NARCB 1981 

• 

• 

• 
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Appendix C. Answers to Exercises 

IIPUT DESCRIPTI0I: 
10 IIPUT 

C PURPOSE: 
TO GEIEliTE IU!!BERS II J. TWO DINEISI0IJ.L J.RRJ.Y 
OF SIZE 10 BY 3 OD TO WRITE OUT THE lRRJ.Y: 

(J.) SPREJ.D OVER DIE LIIB 
(8) SPREJ.D OVER 5 LIIES, WITH LIIE ■UMBERS 

IITEGER IUN (10,3) 

C PUT IUMBERS IIT0 THE ARRAY BY ROWS 

KIT= 1 
DO 20 I = 1,10 
DO 10 J :c: 1,3 

IUK (I,J) :c: KIT 
KIT:c:KIT+1 

10 C0ITIIUE 
20 C0ITIIUE 

C IOW WRITE THEM OUT 01 DIE LIIE 

WRITE (6,30) ((IUK(I,J), J :c: 1,3), I :c: 1,10) 
30 FORMAT (11, 'THE IUNBERS .I.RE'// 

$ 11, 30(I3,11)) 

C I0W WRITE THEN OUT OVER 6 LIIES 

IR :c: 1 
DO 60 LIIE :c: 1,6 

WRITE (6,40) LIIE, ((IUK(I,J),J=1,3),I=IR,IR+1) 
40 FORJIJ.T (lX,16,616) 

IR=IR+2 
50 C0ITIIUE 

STOP 
EID 

Exercise 12D 

C J.UTB0R: K. HAIDEL 
C DATE: 5 AUGUST 1981 
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C IIPUT: R.ainfa11 data for 8 localities, one line per locality. 
12 real nuabera per line, in free foniat, 
representing the rainfall for each of the 12 months 
for a locality. 

PURPOSE: Calculate average rainfall for each of 8 localities, 
and also the entire rainfall figures :tor the month 
vith the highest average . 
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RE.lL RAIi (8, 12) 
DO 40 LOCAL = 1,8 

An Tntroduction to fortcAn 

READ (5,•) (RJ.Il(LOCAL,MOITB),MOITH = 1,12) 
C Find the average rainfa.11 for locality LOCAL. 

AVE = 0 . 0 
DO 20 NOITB: 1,12 

.lVE = AVE + R.UI (LOCAL, MOITB) 
20 COITIIUE 

WRITE (6,•) 'Average raintall for locality•, LOCAL, 
' is', iVE/12.0 

40 COITIIUE 
C Find month vith highest rainfall (BR.All) . 

BRJ.II = -1 
DO 80 NOSTII = 1,12 

TOT = 0.0 
DO 60 LOCJ.L "' 1,8 

TOT • TOT + RUI (LOC.lL,MOITH) 
60 COITIIUE 

IF (TOT • GT. BltUI) TBEI 
BIU.ll = TOT 
JIAIKTB = NOITH 

EID IF 
80 COITIIUE 

WRITE (6,•) • Rainfa.11 tor month 1 ,NAXMTH,', vhich had the 
$ 'highest average, vaa', (Rill(LOCAL,MAXMTH), LOCAL: 1,8) 

STOP 
EID 

Exercise 12E 

Algorithm 

1. Initialize overall total 

2. For each area, 

(a) initialize area total 
(b) for each month, read rainfall, and add to area total 
(c) find average for the area 

( d) add area total to overall total 

3. Find overall average 

Program 

C Purpoae : Read monthly rainfall figures and find the average 
C for each area and the average over all areae. 
C Input : One monthly rainfall figure per line, 

a real. number in free fonnat, 
The order of input is : month 1 to month 12 for area 1, 
up to month 1 to month 12 for area 8. 

C Author : K. Handel 29-8-84 

• 

• 

• 
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Appendix C. Answers to Exercises 

IITEGER J.REA 
TOTAL = 0 
DO 20 ii.EA = 1, 8 

&TOT = O 
DO 10 NOITB:::: 1, 12 

READ (6,•) Rill 
ATOT :a:: iTOT + RAIi 

10 COITIIUE 
AVE :::: .I.TOT / 12 
WRITE (6,•) 'Average for area',AREA,' i•',AVE 
TOTAL :::: TOTAL + .I.TOT 

20 COITIIUE 
AVE :a:: TOTAL / (8 • 12) 
WRITE(6,•) 'Average over all areas ia' ,AVE 
STOP 
EID 

Exercise 12F 

C AUTHOR: 
C DATE: 

K. BilDEL 
5 AUG 1981 
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C IIPUT: LIIEl - an integer I, in free fo%lllat, representing 
the number of dimensions in apace. 
LIIE2 - co-ordinatH of a point in I-dimensional 

space, in free format. 
Further linH each contain co-ordinates of a point. 

C PURPOSE: Find the distance from the origin of points in 
I-dimensional apace. I i s read fro■ input, then 
the co-ordinatH of the points are read from input. 

RESTRICTIOI: I, the number of dimensions in space, is less 
than or equal. to 26. 

RE.lL POS(25) 
RE.lD (5,•) I 
IF (I.GT . 26) TBEI 

WRITE (6,•) 'Nax number of dimensions is 26. 

STOP 
EID IF 

'lumber read is • , I 

100 READ (6,•,EID=140) (POS(I).I :::: 1,1) 
DIST :::: 0 
001201::::1,1 

DIST :a:: DIST + POS(I) .. 2 
120 COITIIUE 

WRITE (6,•) 'Distance of (•,(POS(I),I :a:: 1,1), •) 
$ ' fro■ origin is ', SQRT(DIST) 

GO TO 100 
140 STOP 

EID 



182 An Introduction to Fortran 

C.11 Chapter 13 

Exercise 13A 

1. ok 

2. ok 

3. illegal (mismatch of parameter types) 

4. illegal (wrong number of parametera) 

5. illegal (mismatch of parameter types) 

6. thia would work, but confusing and should not be used . 

7. legal, but could cause an error accessing out of bounds in arrays et and aunny . 

Exercise 13B 
C PURPOSE: Find the uerage and nuaber of zero• in a 

set of integer• 11hich are read fro■ input . 
C IIPUT : Line 1 contain• the nuabtlr of integer• to follov. 

Following line(a) contain the integen in free format. 
IITEGER J.l{60) 
RUD (6,•) I 
IF (I .GT. 60) TBEI 

VltITE (S,•) I, • is too big' 
STOP 

EID IF 

lWD (6,•) (JA(I), I • 1, I) 

C1U. .lYEUZ (J.l, I , iVEI\, IZ) 

VR.ITE (6 , •) 'The anrage i•' , AVER 
VJI.ITE (e , •) 'Th• nuaber of zeros ie', IZ 
STOP 
EID 

SUBII.OUTIIE lVERIZ(JJ. , l,.lYER,IZ) 
C .lUTBOR: K. BAIDEL 

DATE: 
IIPUT: 
PUllPOSE : 

6 AUG 1981 
lone 
Find the aHra.ge of the fint I el-•nta of 
an integer array and the nuab•r of thoa• 
ele■•nta which ar• zero . 

C P.l.U.NETEllS: 
IIPUT: Ji - array of length I (IITEGER) 

I - diaenaion of JA (IITEGER) 
OUTPUT : AVER - avera.g• of first I ele■enta 

of JA (REAL) 
IZ - nuaber of zeros in first I 

ele■enta of JA (IITEGER) 

• 

• 
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Appendfr C. Answers to Exercises 

IITEGER JA(I) 
IZ = 0 
AVER = 0.0 
D0101•1,I 

AVER = J.VER + JA(I) 
IF (JJ.(I) .EQ. 0) IZ = IZ + 1 

10 COITIIUE 
AVER = J.VER/1 
RETURI 
EID 

Exercise 13C 

REJ.L 1(20, 16) 
MJ.IROII -= 20 
NJ.ICOL "" 16 

Read 11ize of array required 
READ (6,•) IROIIS, ICOLS 

CALL READA (A, IROIIS,ICOLS, MAXROll,MJ.ICOL) 

SUBROUTIIE REJ.DA (A, IROWS,ICOLS, MAIROW,MAXCOL) 
C AUTHOR: K. BJ.JOEL 
C DATE: 
C IIPUT: 

PURPOSE: 
C PARAMETERS: 

6 AUG 1981 
IROWS lines of data, each containing 
ICOLS real nu.abers in free format. 
read data into array J.. 

IIPUT: IROWS • number of rova to be read 
ICOLS • number of colwana to be r.a.d 
N.UROW • no. of rove in A 
MAICOL = no. of col11 in A 

OUTPUT: A = real array, dimension• NAIROW x NAXCOL. 
REAL A(NJIROW,MAXCOL) 
IF (!ROWS . GT. JUXROW . OR. ICOLS • GT. MAI COL) THEIi 

WRITE (6,•) Dillenaions are too big. Mu eize ia', 
NiXROW, MAXCOL 

STOP 
EID IF 

DO 10 IROV = 1,IROVS 
READ (6,•) (A(IROV,ICOL), ICOL = 1,ICOLS) 

10 COITIIUE 
RETIJRI 
EID 

Exercise 13D 

C AUTHOR: 
C DATE: 

K. BAIDEL 
29 AUG 1984 

183 
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C IffUT: {J.) the number of nuaber11 to be aaended - an even integer, -
right-ju■ti:tied in colW11Da 1-6. 

(8) the nuaber■ to be aaended - ■tarting in column 1 
on a new line, put 6 real numbers per line, 

C PURPOSE: 

10 coluana per nuaber . If a n1111b11r does not 
have a deciaal point, 3 decimal places will be 
autllled. [ Read in subroutine IJPUT ] 
Read a liat of r.a.1 numbers , and amend them so that 
every odd-numbered element in the list is replaced 
by the eum of itself and the next element; and every 
even-ntlll.bered elu.ent is replaced by the absolute 
difference between itself and the previoue element, 

C The following ■ubroutinea are used: 
UPUT(ALIST ,I) - read.a I real numbers into array J.LIST. 

OUTPUT(J.LIST ,I) - print■ the first I elements of !LIST. 
C .UIBID(.ILIST ,I) - u.ende the tint I ele■ente of &LIST 
C RESTRICTIOIS: J.LIST contain■ real number■. To amend a li11t 

of integer■, change the declaration• in the 
■ain prograa and all subroutines. 
A ■a.x of 100 numbers ■ay be amended . To 
increase tbb ■aximum, change the 
declaration in the aain progu. 

REAL ALIST(100) 
READ (6,10) I 

10 FOllMAT(I6) 
IF (I .GT. 100) THEI 

WRITE (8,•) I, ' i■ too big. Nax i ■ 100' 
STOP 

EID IF 
IF ( NOD(l , :2) .IE. 0 ) TBEI 

WRITE (8,•) 'Can' 't operate on an odd nU11ber of numbers!' 
STOP 

ESD IF 

CALL IIPUT (ALIST, I) 
WRITE (6,20) 

20 FOR.JUT ('10riginal data'///) 
CALL OUTPUT (.lLIST ,I) 
CALL A.NEID (ALIST, I) 
WRITE (8,30) 

30 FORMAT(' 1Amended data'///) 
CALL OUTPUT (ALIST ,I) 
STOP 
EID 
SUBROUTIIE IIPUT (A,I) 

PURPOSE: Read I real DWlbera into array A, in 6F10.3 format 
PARAMETERS: IIPUT - I == nu■ber of integen (IITEGER) 

OUTPUT - A == array of I num.ben (REAL) 
REAL A(I) 
READ (6,10) (A(I),I = 1,1) 

• 

• 
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Appendix C. Answers to Exercises 

10 FORMAT (5F10.3) 
RETURI 
m, 
SUBP.OUTIIE OUTPUT (i,I) 

C PURPOSE: Print the tint I nuati.rs troa array i, 
double spaced. 

PARANETERS: IIPUT - I • nuaber of nuabers (IITEGER) 
i -= array ot I numbers (REAL) 

REAL i(I) 
WRITE (6,10) (&(I).I a 1,1) 

10 FORMAT ('0',5F10.3) 
RETURI 
EID 
SUBROUTIIE J.MEID (A,I) 

C PURPOSE: Amend the tint I ele■ent s of array A. 
C PARJ.NETERS: IIPUT - I = number ot elements to be amended 

(an even IITEGER) . 
J. = original list (REAL) 

OUTPUT - A = amended list 
REAL A(I), ODD, EVEI 
DO 40 I = 1, 1-1, 2 

ODD = A(I) 
EVEI = A(I+t) 
A(I) = ODD + EVEI 
.l(I+t) = .lBS (ODD - EVEI) 

40 COITIIUE 
RETUU 
EID 

C.12 Chapter 14 

Exercise 14A 

FUICTIOI J.REA (R) 
PURPOSE: to calculate the area ot a circle ot radius R 
PARAMETERS: 

IANE TYPE DESCRIPTIOI 
REAL radius ot the circle 

PI = 4.0•A.TAl(t.O) 
AREA. = PI • R••2 
RETURI 
EID 

Exercise 14B 

FUICTIOI FI (I) 

C PJ.RJ.NETERS: 
IA.JIIE TYPE DESCRIPTIOI 

X REAL A PJ.RAMETER TO THE FUICTIOI 
C PURPOSE: 

185 
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TO CALCULATE TBE EIPRESSIOI 
2 1/2 

1 + (1 + 21 + 31 ) 

A.n [ntmdudion to Fortran 

A VAUIIG KESS.lGE WILL 8B SEIT IF THE SQU.lR.E ROOT 
ClllOT BE TllEI (DUE TO IBGATIVE AR.GUIIEIT) . II THIS 
C£SB .l VJ.LUE OF ZEILO WILL BE lBTUUED BY THE FUl'CTIOI. 

VAL = 1 + 2•1 +3•1 .. 2 
IF (VAL .LT. 0) TBEI 

WRITE (8,•) 'ROOT IBG.lTIVE FOR VALUE OF X OF ', I, 
' ----ZERO R.ElVR.IED----> ERROR I I ' 

FI • 0 . 0 
ELSB 

FI • 1 .. 2 + SQRT (VAL) 
UD IF 
RBnJU 
BID 

USE OF THE FUNCTION WOULD BE 

I. A • (0. 9 + Y) / FI (Y) 

2. B • (2. l•Z + Z .. 4) / Fl(Z) 

3. C • Sil(T) / Fl(Y••2) 

4. D • 1.0 / FI ( Sil(Y) ) 

Exercise l 4C 

FUICTIOI AREA (R,P) 
C J.UTBOJL: X. RUDEL 

DATE 6 AUG 1981 
IIPUT: Ion• 
PURPOSE: If P • 1, c&l.culat• area o1 an equilateral. 

triangle of aide JI.. 
If P • 2, calculate area of a •qua:n of aide a. 
If P = 3, calculate area of a circle ot radius R. 
hturn the rHult u the fU11.ction Talue (R&lL). 

P.lBJ.NBTEJlS : IIPUT - P • Hitch to indicate which tJP• of area 
ia nquir-4 ( IITEGU) 

IITEGER P 
REAL R, asq 
AREA = 0 . 0 

asq • a • a 

C EQUIUTBR.il nIHGLE 

l • hngth of lide or ra.diu (REAL) 

IF (P .EQ. 1) .&RB& • SQRT (3.0) • R.SQ/4. 0 

C SQU.&ll 

• 

• 

• 
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Appendix C. Answers to Exercises 

IF (P .EQ. 2) H.EA = RSQ 

C CIRc;:LE 

IF (P .EQ. 3) AREA :z 3.14159 • RSQ 
RETUU 
EID 

Exercise 14D 
FUICTIOI SUM (A,N,I) 

C AUTHOR: 
C DATE: 

IIPUT: 
PURPOSE: 

K. RUDEL 
11 AUGUST 1981 
Jone 
Return the sum of the absolute values of all 
element• in N z I array J. . 

C PJ.RJ.NETERS: J. - N x I array (REAL) 
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N,I - integer di.aeneione of array J. (ROWS,COLUNN'S) 
C 10 PAILUIETER IS J.LTERED II THE FUICTIOI. 

REJ.L J.(N,I) 
SUM ::: 0.0 
D0100I=1,N 
D0100J=1,I 

SUM= SUN + ABS(J.(I,J)) 
100 COffIIUE 

RETUJ\I 
EID 

Note that this answer assumes that A is declared to be exactly M by Nin the calling 
program. If A had been declared as MAXM by MAXN but only the first M rows 
and N columns were to be used by the function, then the function header would be 

FUICTIOI IZ (IARRJ.Y, N,I, NUN,MAXI) 

and the array declaration in the function would be 

IITEGER IJ.RRAY(MAXM,NAXI) 

Exercise 14E 

FUICTIOI AMAX (J.,I) 
C AUTHOR: K. HAIDEL 
C DATE: 
C IIPUT: 

11 AUG 1981 
lone 

C PURPOSE: Return the maJ: value in array A. 
C PAR.I.METERS: J. - 1-di■en■ ional real array of length I. 

I - integer dimension of A. 
JO PARAMETER IS ALTERED II THE FUICTIOI. 

REAL A(I) 
AIUX = J.(1) 
DO 100 I : 2,1 
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IF (J.(I) .GT. AKAi) AJIU • 1(1) 
100 COITIIUE 

lETUlUI 
EID 

An rn trodudion to Fortran 

Exercise 14F 

FUICTIOI IZ (URRJ.Y ,N,I) 

C AtrrBOR: 
DATE: 
IIPUT: 

K. BAIDEL 
11 AUGUST 1981 
lone 

C PURPOSE: Return a count ot the number of zeros 
in N x I array IllRAY . 

PJ.RJ.NETERS: U.IUU.Y - integer a:rra.y 91th diaenaiona N x I . 
N - nuaber of rove in I.lRRJ.Y . 
I - nuaber of colUlllls in l&RRAY. 

C 10 PARillETER IS ALTERED II THE FUICTIOI. 
IITEGER UR.li.Y(N,I) 
IZ = 0 
DO 100 I • 1 , N 
D0100J=1 , I 

IF (IJ.ll.&Y(l,J) .EQ. 0) IZ a IZ + 1 
100 COITIIUE 

RETUIUI 

BID 

Exercise 14G 

FUICTIOI IFACT(I) 
C II o·nrtlows for I > 12. 

IF (I . GT. 12) THEI 
WRITE (8,•) I, ' is too big. 12 ia aax. 1 

■FACT • O 
RBnJllll 

EID IF 
■FACT a 1 
D0261•2,I 

■FACT a IFACT•I 
26 COITIIUB 

RE'JVlll 
EID 

Exercise 14H . ., 
CalculatH C vbere C 

rl(n-r) ! 
for non-negative integer■ n and r . 
Input : n and r in free 1'0:naat . 
K. Bandel 28-8-84 

• 

• 

• 
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Appendix C. Answers to Exercises 

IITEGER R, RFACT 
RE1D(6,•) I, R 
IF (I.LT.0 .OR. R.LT.0 .OR. I.LT.R) THEI 

VRITE(6,•) 'I can11 t do that' 
STOP 

EID IF 
ICR = IFACT(l)/IFACT(R)/IFACT(I-R) 
VR.ITE(6,•) 'Th•r• are ',ICR,' way• of chooaing • ,R, 

$ 'object• fro■ ', I, 'object•' 
STOP 
EID 

FUICTIOI IFACT(I) 
C I! ov•rflove for I > 12. 

IF (I . GT. 12) TBEI 
WRITE (6,•) I, ' ia too big. 12 is mu::.' 
■FACT = 0 
RETURI 

EID IF 
IFACT :: 1 
DO 26 I = 2, I 

IFJ.CT = IFJ.CT•I 
26 COITIIUE 

RETURI 
EID 

C.13 Chapter 15 

Exercise 15A 

AUTHOR: 
D.lTE: 

K. 8.llDEL 
11 AUG 1981 
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C IIPUT: Linn of text. End of data ia end-of-file marker, 
PURPOSE: For each line of text read in, print HAPPY BIRTHDAY 

followed by the text. 
CHARACTER TEXT•B0, BB• 16 
88 = 'HAPPY BIRTHDAY' 

10 READ (6,20,EID = 40) TEXT 
20 FORMAT (A) 

WRITE (6,30) BB,TEXT 
30 FORMAT (2(11,A)) 

GO TO 10 
40 STOP 

EID 

Exercise 15B 

AUTHOR: LES L.llDAU 

DATE: 6TH JULY 1981 



• 

• 
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Appendix C. Answers to Exercises 

(IOT IICLUDIIG THE FOLLOVIIG DELIMITER) 

LEI = 0 
DELIN (1) = ' · ' 
DELIM (2) = ',' 
DELIN (3) :: ' ' 
■DEL = 3 
IF (ISURT . GT. 80 . OR. IST.tRT . LT. 1) TBEI 

LEI= 0 
RETURI 

EID IF 

C LOOK FOR .l WORD ST.lRTIIG FRON IST.lRT, JUMP OUT OF 
C THE LOOP WHEI .l DELIMITER B.lS BEEi FOUIO 

DO 60 LOOK • ISTART ,80 
DO 40 J • 1,IDEL 

IF (LIIE (LOOK:LOOK) .EQ. DELIM(J)) GO TO 60 
40 COITIIUE 
60 COITIIUE 

C CONE HERE IF 10 DELIMITER BAS BEEi FOUID 

WORD = LIIE (ISTART:) 
LEI 11 80 - IST.lRT + 1 
REnJRI 

C CONE HERE VBEI .l DELIMITER BAS BEEi FOUID 

60 COITIIUE 
WORD = LIIE(ISTART:LOOK) 
LEI = LOOK - ISTART 
llETUlll 
EID 

Exercise 15C 

C AtITBOR: K. BAIDEL 
DATE: 11 .lUG 1981 
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IIPUT: An integer in the range 1-12, repesenting a month. 
C PURPOSE: Given a. month represented by an integer, print the 

name of the month (abbreviated 'to 3 characters). 
CBARJ.CTER•3 NOITH(12) 
D.lT.l NOITB/' JA.I', 'FEB', 'MAR',' APR', 'HAY',' JUlf', 

$ 'JUL', 'AUG', 'SEP', 'OCT', 'IOV', 'DEC'/ 
READ (6,•) I 
IF (I .GE. 1 . AID . I .LE. 12) WRITE (6,10) NOITB(I) 

10 FORMAT (1I,A3) 
STOP 
EID 
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Chapter 16 describes the DATA statement, which is the best way of setting up 
MONTH. 

Exercise 15D 

C .lUTBOR: 
C DlTE: 
C IIPUT: 

K. B.llDEL 
11 AUG 1981 
in integer in the range 1-7, repreHnting a day 
of the 9Hk. 

PURPOSE: Given a day represented by an integer, print 
the day (in characters). 

CBAR1CTER•9 D1Y(7) 
DATA DlY/'"OnlJ.Y •, 'TUESDAY ', 'WEDIESDJ.Y', 'THURSDAY ', 

$ 'FRIDAY ', 'SJ.TUII.DlY 1 , 'SUIDlY • / 
READ (6 , •) J 
IF (J .GB. 1 .AID. J .LE. 7) WRITE (6,10) DAY (I) 

10 FOR.KJ.T (11,.l) 
STOP 
EID 

Note: The DATA statement is described in Chapter 16. 

Exercise 15E 
C· .lUTBOR: K. BJ.IDEL 

DATE: 11 AUG 1981 
IIPUT: (1) Product infonu.tion for a company. 

The firet 111:1.• contain• the nuaber of products 
(IITEGER in frH format). 
Then put infona.tion on each product on a aeparate 
line aa follon :-
colwma 1-6 product code (6 characters) 
column■ 11-3 product deacription (20 characters) 
Quote ■ ■bould not be put around code■ or 
description■. 

(B) Product cod.ea for vbicb deacription■ are required. 
Any number of product code■ may be read, one per line 
in column■ 1-5. Input i■ terminated by end-of-file. 

C PURPOSE: Read all product information, then for given 
product code■, print the corresponding de■criptions. 

SUBROUTIIES CALLED: DSPLiY - print ■ code and deacription for 
a given code. 

CBiR.iCTER CODE•5(50), DESCR•20(50), iCODE•5 
C Read the nuaber of product ■ (I) then read ·code■ and 
C de■cription■. 

RE.ID (5,•) I 
IF (I .GT . 60) TBEI 

WRITE (6,•) 'lo aore than 60 products are allowed. I = ',I 
STOP 

EID IF 
DO 20 I = 1,1 

RE.ID (6,10) CODE(I), DESCR(I) 

• 

• 

• 
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Appendix C. Answers to Exercises 

10 FDRJIAT (.l6,61,.l20) 
20 COITIIUB 

C 'Print heading for next Hction 
WRITE (6 , 26) 

26 FORJl.lT ( 1 1CODE DESCRIPTIDI' / /) 
C R•ad product codH for which dHcription• ar• r•quired. 
C Call DSPU.Y to print dHcriptiou.. 

30 RE.lD(6,40,EID = SO) &CODE 
40 FORMAT (.lS) 

C.lll DSPU.Y (.lCODE,CODE,DESCR,I) 
GO TO 30 

60 STOP 
EID 

SUBROUTIIE DSPL.l Y (&CODE, CODE ,DES CR, I) 
PllJ.NETERS: &CODE - a 6-character product code 

CODE - a 1-di■•n•ional array of length I, 
containing 6-character product cod••. 

DESCR - a 1-di■en■ ional array of length I, 
containing 20-character product de•cription•. 

193 

I - integer diaeneion of array• CODE and DESCR. 
10 P.lR.lllETERS .llt.E ALTERED II THE SUBROUTIIE . 

C PURPOSE: Search for J.CODE in the list of cod.H in CODE, 
then print it and its corresponding description. 
J. linear search i• used. 

CBJ.ILlCTER•S &CODE , CODE(■), DESCR•20 (I) 
D0101=1,I 

IF (&CODE .EQ. CODE(I}) GO TO 20 
10 COITIIUE 

WRITE (6,•) 'CODE ',&CODE, ' IDT FOUID' 
RETURI 

20 WRITE (6,30) J.CODE, DESCR (I) 
30 FORMAT (11,16,61,120) 

RETURI 
EID 

Exercise 15F 

AtrrBOR.: K. Bandel 
D.lTB: 11 .lug 1981 

corrected 22 J.pr 1982 
PURPOSE: Print the day and date in full for each day of 1981 

read in. Eg. if input i• 328, oU:tput iB 
328 TUESDAY 24th IOVEJIBER 1981 

IIPUT: Integers repHenting day• of the year, one per line, 
in frH for■at. Input i• terminated by end-of-file. 

RESTRICTIOIS: only vorb for 1981 because it uaH the facts 
that Jan 1, 1981 iB a Thursday, and 1981 is 
not a leap year. 

CHJ.RACTER NOITB•9(12) , D.tY•9(7), TB•2(4) 
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IITBGB& NTBBID(0: 11), YBll 
D&T.l IIDSTB/ ' JilUUY • , •FBB&UllT ','llllCB ','AP&IL 

$ ' ll1Y ','JUIE ', ' JULY ' , 'AUGUST , 
t 'SEPTEMBER.' ,•OCTOBEI ' , ' IOVEMBBR ' , 'DECEMBER ' / 

DATA DiY/'IIOIDJ.T ' , 'TUESDAY ', ' VEDIESDI.Y' , 'THURSDAY ' , 
t 'FRIDJ.Y ' , 'SJ.TURD&Y ', ' SUIDAY ' / 
DJ.Ti TB/'at','Dd','rd','th' / , YB.lR/1981/ 

C Day of year of last day in each ■onth, for a non-leap year: 
D&TJ. IITBEID/0,31,60, 00, 120,161,181,212,243,273 ,304,334/ 

C Read a day of the year . 
10 READ (6,•,BID = 60) IDJ.TB 

IF (ID&TB . LE. 0 . OR . IDATE . GT . 3156) TBEI 
WRITE (15 , •) IDATE , ' is an ilhgal date . Ignored .' 
GO TO 10 

BID IF 
C Find the aonth , II . 

DO 20 II • 1, 11 
IF (IDATE . LB. KTBBID(II)) GO TO 30 

20 COITIIUB 
C Find the clay of 11011.th, IID.tT, and appropria.te euffi~, TB(ITB) . 

30 IIDAT • mu1 - KTBEID(II - 1) 
1TB • ICOD(ICD.lY,10) 
IF (ITB . BQ . 0 .Oil . 1TB . GB . 4 . 01 . IIDAY . GB . 11 . &ID . 

e IIDAT . LB. 13) 1TB • 4 
C Find the day of VHk, IDAY. 
C Jan 1, 1981 h Thunday, ie . 4th day , ao add 3 to IDJ.TE. 

IDJ.Y • NOD (IDJ.TE + 3, 7) 
IF (IDJ.Y .EQ. 0) IDJ.Y • 7 

C Print the lot and read another date. 
VJ\ITB (1!1,40) ID.lTB, D.lY(ID.lY), NDJ.Y , TB(ITB). NOITB(N), YE.lR. 

40 FDII.IIJ.T (201, 16, 61, J., 11, 12, J., 11, .l, 16) 
ao TD 10 

60 STOP 
BID 

Note: The DATA statement is described in Chapter 16. 

Exercise 16G 

C J.trl'JIOI : 1 . RJ.IDEL 
DJ.TB : 11 J.UQ 1981 
IIPUT: LinH of text containing only digits, co• u, 

C plus and ■inua . Input is ter■inated by end-of-file . 
C PURPOSE: Decode the tut into integers, and print both the 

linH of tut and the integer valuH in the text . 
FUJ'CTIOI C.&LLED: 

LEIGTB - find.a the length of TBIT , ucluding 
blanks at end. of line . 

CHJ.UCTER TEXT•BO , CH•1 , SIGl•1 
10 REJ.D (6 , 20,BID "" 60) TE.IT 
20 FORNJ.T (J.) 

• 

• 

• 
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Appendix C. Answers to Exercises 

WRITE (6,30) TEXT 
30 FORMJ.T (//11,i) 

L = LEIGTH (TEXT) 
IF (L .EQ. 0) GO TO 10 

C initia.liH 
SIGI = '+' 
IUM = 0 
DO 40 I = 1,L 

CB ., TEXT (I:I) 
IF (CB .BQ. '+' .OR. CB .EQ. •-•) THBI 

SIGI = CB 
ELSE IF (CB .GE. '0' .AID. CB .LE. '9') THEI 

IU1l = IUM•10 + ICBlR(CB) - ICBlR('0') 
ELSE IF (CB .EQ. ', ') TBEI 

correct ■ ign, print and reset number 
IF (SIGI .EQ. •-•) IUM ::: -IUM 
WRITE (6,•) IUM 
IUM • 0 
SIGI = '+' 

ELSE 
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WRITE (6,•) CB, ' is an illegal character. Ignored.' 
EID IF 

40 COITIIUE 
C Print lut nuaber in TEXT unless it vu terminated by a col!lllla.. 

IF (CB .IE. •,')THE■ 
IF (SIGI .EQ. '-') IUM = -IUM 
WRITE (6,•) IUM 

EID IF 
GO TO 10 

60 STOP 
EID 
FUICTIOI LEIGTB (TEXT) 

PURPOSE: Return length of TEXT vhen blanks at end a.re 
excluded. 

CBARJ.CTER•S0 TEXT 
DO 60 I= 80,1,-1 

IF (TEXT(I:I) .IE. ' ') GO TO 70 
60 COITIIUE 
70 LEIGTB = I 

RETURI 
EID 
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